Quantitative Finance and Investments Core Formula Sheet

Spring 2016

Morning and afternoon exam booklets will include a formula package identical to the one attached to this
study note. The exam committee believe 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 sheet was developed sequentially by reviewing the syllabus material for each major syllabus
topic. Candidates 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 on the formula sheet.

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.

The only change from 2015 is that Chapter 9, Section 3 from Wilmott has been removed from the syllabus.



An Introduction to the Mathematics of Financial Derivatives, 3rd Edition, A.
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) EB[AM] =~ A9A - XBA >0

) AX; ~ N(uA,o?A)

t+T
(6.46) Xy = Xo+ / dX,,
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(6.108) BEyo [M:, ] = My,

T T
t t

Chapter 7

(7.23) AWk = [Sk — Sk—l] — Ek—l[sk — Sk—l]
k
(7.26)  Wi=> AW,
i=1
(7.28) By 1 [Wi] = Wiy
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Chapter 8
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(8.21) o AW, = :
cL;m With'probability Pm
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(8.75) to=0<t1 < <t,=T
(8.76) nA="T
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Chapter 9
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0
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1
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(1081) dSt = atdt + Utth + th, t Z 0
(10.82)  E[AJ] =0
k
(10.83)  AJ, = AN, — [Ath (Z aipi>]
=1
k
(10.84) a; = ag + M (Z aipi)
1=1
r 1
(1085) dF(St, t) = Ft + )\t Z(F(St —+ aj, t) — F(St, t))pz + 5F550'2 dt + FSdSt + dJF
=1
k
(10.86)  dJp = [F'(S,t) — F(S; , )] — A [Z(F(St +a;,t) — F(St, t))Pi] dt
1=1
(1087) S, =limS,, s<t
Chapter 11
(1124) dSt = ,LLStdt + O'Stth, te [0, OO)
(11.30) S, = Spella—zo)ttoWs}
(11.34) dSy = rSydt + oSy dWy, t €0, 00)
(11.38) Sp = {Soe(rfécﬁ)T] [edwT]
(11.42)  Z; =™
(11.50) 2 =E[Z] =37
(11.55) Sy = e "TVE,[Sy]
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(page 193)
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Chapte

dS, = pSydt + o+/SydWy, t € [0,00)
dS; = Mp — Sp)dt + 0 SpdW;
dS; = —pSydt + odW,
dS; = pdt + ordWiy
doy = Moo — o1)dt + aocdWa
4N, — { 1 W%th probab%l%ty Adt
0 with probability 1 — A\dt

— = (— \k)dt + cdW; + (¢/ — 1)dN,
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Pt = 91F(St,t) + 92515
dP; = 01dF; + 05dS;
dSy = G,(St, t)dt + O'(St, t)th, te [O, OO)

1
dFt = Ftdt+ D) ssUtdt+F dSt

1
dF; = |Fea; + 5Fssaf + Fy| dt + FyordW,

61 =1
0y = —F,

1
dP; = Fydt + §Fssat2dt

1
T(F(St,t> - FsSt) = Ft + §FSSU?

1
—rF+rFSSt+Ft+§Fssat2:O, 0<S, 0<t<T

= F(S,,t) — Fs(S;,1)S,
AP, = dF(Sy,t) — F.dS, — SydF, — dF,(S,, t)dSt

dP; = dF(S;,t) — FydS; — Sy H wt + FastS + Floss0?2SE | dt + Fy0S;dW; | — Fyso? SEdt

dP; = dF(S;,t) — FydS; — Si[Fas(p — 1) Sidt] — FSSanth



(page 202 AW} = (edW; + (1 — r)dt)
(1229) aoF + a1 FsSy + asFy +a3Fss =0, 0<S;, 0<t<T
(12.30) F(St,T)=G(Sr,T)
(12.32) Fe+F, =0, 085, 0<t<T
(12.44)  F(S;,t) = et
(1246)  —0.3F,, + Fy =0
1 0.3
(1247)  F(Si,t) = 50(Si = S0)* + -alt —to)* + B(t — to)
(12.53)  F(Si,t) = —10(S; —4)* —=3(t—2)?, —10<t<10, —10<S; <10
Chapter 13
(131) a(St,t) == /j/St
(13.2) o(Sy,t) =085, te0,00)
1
(13.3) —rF +rF,S, +F, + §J2Fsssf =0, 0<8, 0<t<T
(13.4) F(T) = max[St — K, 0]
(13.6)  F(S;,t) = SiN(dy) — Ke " TN (dy)
In(3t $02)(T —t
P ¢ Rl et
oVT —1
(138) d2:d1*0'\/T*t
L G
13.9 N(dy) = 2t
139)  Na)= [ =t
(1312) G(St,ﬁ) == [J,St
(1313) O'(St,t) = U(St,t)st, te [O, OO)
1
(13.14) = rF 4+ 7rFSi+ Fi+ 50(S,t)°Fos S =0, 0< S, 0<t<T
(13.15) F(T) = max[St — K, 0]
1
(13.34)  rF —rF,S; —6 — F; — §Fssat2 =0
(13.35) F(Si1,Sor, T) = max|[0, max(Sir, Sor) — K] (multi-asset option)
(13.36) F(Sir, Sor, T) = max|0, (S17 — S2r) — K| (spread call option)
(13.37) F(S17,Sor, T) = max|0, (61517 + 02S27) — K] (portfolio call option)
(13.38) F(SiT, Sor, T) = max|0, (S17 — K1), (Sor — K3)] (dual strike call option)
2
(13.47) AF + rsSF + Lpepgelt g

At AS 2 AS?



(1348) S~
AF  Fj—Fi1;
AF  Fi— i
(13.50) rS A~ rS; AS
A’F [Fq,—Fj Fj-Fo,] 1
(13.51) AS? T { AS  AS ] AS
Chapter 14
(14.6) dP(z) =P (z - %dzt <z <Z+ %dzt)
(14.7) / dP(z) = 1
(14.9) Bz — Bl = / [z — Blz,]) dB(=,)
1
(14.29) E, [TRtSt“] — S,
1
(14.31)  E? [1 v SM} =5,
(14.41) 2 ~ N(0,1)
(14.42)  dP(z) = \/12_efé(zt>2dzt
7T
(14.43)  &(z) = em# 30
]. 1 2 1,2
(14.44) [dP(21)][€(2¢)] = me—a(zt)ﬂm—w dz
1 1 2
(14.45)  dQ(z) = \/Q_e*ﬂ“*“) dz
Y

(14.47) dQ(z¢) = &(2¢)dP(2)
(14.48)  €(2z) 'dQ(z) = dP(z)



1 _1| Rt — M1
1 _E{th*,ula Zot — M2 ]9 {z - }
14.53 21t Z21) = e 2t — M2
( ) f( 1t 275) 27‘(\/@
2
_ | 01 012
wsy o= o]

(14.55)  |Q| = oios — 03y
(1456) d]P)(th, Z2t) = f(th, th)dzltdZQt

(14.57)  &(z10, 220) —exp{[ Az | Q7 [ o } +% L pe J O [ s ]}

2 K2
(14.58) dQ(z1t, z2t) = &(21¢, 22¢)dP (214, 22t)

1 _1| ALt
1 *5[ 21ty 22t ]Q [ }
21ty 22t € 21¢022¢
(14.59)  dQ( ) 22t | dzyed
2m/19|
(14.60)  &(z) = 75O HEame T
d@(Zt) -

(14.74)
(14.75)  dP(z) = &(z) " dQ(z)

(14.76) & = elJo XudWums [ XTdu) 4 [0, T
(14.77)

E [efrf Xﬁdu} <o, tel0,T]

t u
(14.83) E[/ §SXSdWS|Iu] :/ £ X AW,

(14.84) =W, — / Xodu, t€[0,T)
(14.85)  Q(A) = E'[Laér]

(14.86)  dW; = dW; — X,dt

(14.93)  dQ = &pdP

(14.122) A UAU---UA, =0
(14.123) 14, +1a,+...14, = 1g
(14.127)  EY[Zi1a,] = Q(A;)

(14138)  EFlg(X,)] = /Q o) f (x)dz

(page 248) 9(Xt) = Zih(Xy)

(14.140)  FFlg(X,)] = / W) fa)de = E9[R(X,)
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Chapter 15

(15.2)  Y; ~ N(ut,o%t)

(15.4)  M(\) = E[e**}]

(15.10)  M()\) = eQPutt3o™Xt)

(15.15) Sy = Spe¥* |t €[0,00)

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

(15.30)  Z;=e "5,

(15.31)  EQ[e "S5 [Sy,u<t] =e ™S,

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

(15.38) EQ [e_r(t_“)SASu,u < t] = G e =W ep(t=w+30%(-u) where under Q,Y; ~ N(pt,o?t)

L,
p=r—30

EQ [efrt5t|5u, u < t} =e ™S,
dSt = T'Stdt + G'Stth*

dSt = /.Ltdt + O'tth
d[e_rtSt} = e_” [/J,t — rSt]dt + e_”atth

(15.39)

( )

( )

(15.58) O, =E2 [e—“T—t) max{Sr — K, o}]
(15.88)

(15.90)

(15.92)  dW; = dX, + dW,

Ot

(15.97)  dX; = {“t_—“ﬂ dt

(1598) d[eiTtSt} = eirtO'tth*
(15.111)  d[e " F(Ss,t)] = e "o FudW;

Chapter 17

(page 282) Ry =(1+4r,A)

(page 282) Ry, = (14 1r,A)

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

(page 282) By, = B(t1,7T)

(page 282)  Bj, = Blts,T)
1 Rtl R?z Rtl R?z Rtl thz Rtl thz wuu
0 (Ftl - ng) (Ftl - L?z) (Fh - ng) (Ftl - ng) ¢ud

(17.6) Bts1 = 1 1 1 1 wd“
Bt1 B;gu ngd B%u gad wdd
Cy, Cpw Cpd cin cpe
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(17.13) 1= Ry, R{, 9" + Ry, R, 9" + Ry, R, ™ + Ry, RY,
(17.14) Qij = (1 + 7)) (1 + TiQ)wij
(17.15) 1= Quu + Qud + Qau + Qua

r 1
17.18 B =EQ ]
Ar18) B =B T

- B
17.21 B, =EQ 2
1wz By _<1+nl><1+n2>]

1
fr— Q -

(17.22)  0=E [(1 g R [Fy, Ltzl}

I 1
17.23 C,, =EQ C
728 O =E T }

1 Ly
(17.31) F, = — EQ [ 2 ]
1 1+ 1+
EQ _m} ( Ttl)( rtz)
(17.36) B} = 9" + d 4 op2 4
1.

(17.38) Tij = B;. Y

(17.39) 1 = Tyu + Tud + Tau + Tdd
(17.46)  Fy, = E[Ly,]
(17.52)  Cy, = Nmax[L;, — K, 0]

1
(L+7,) (14 7ey)
(17.55)  Cy, = B; E"[max[L;, — K, 0]]

G .s(Cr
(1756) ot =B (ST>

arsyy S g (M)

(17.53)  C;, =EC [ max[L;, — K, 0]

S St
(page 290) y = log (S?T)
age 201 S = [T Py

(17.63)  F(L:T,S) = S%T (ig g _ 1)

(1764) O0=To<Ti<Th<---<Ty

(17.65) Ay =Ty —Ti=0,1,2,...,M —1

P(t,T,) — P(t, Tpy1)
ApP(t, Thi1)

(17.66)  Ly(t) =

n 1
arm) P L) = [l 5 m g
j=1
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n—1

1
. n) = ) T A T Y\ — S

-1
(17.75) By = P(t,Ty) [ J(1 + &, L;(T))
j=0
n—1
Hj:l 1+6j1Lj(t‘)
101+ A;L;(T)))
(17.78)  dLp(t) = pin () L ()t + Ly ()07 (£)dW,,0 < t < Tpon =1,2,..., M

AL (Won(t)o(t)
(17.103) un(t)—; 1+ AGL;(t)

(17.77)  Dn(t) =

(17.105)  V; =E? [e— ST radu (g LT)Né}
(17.110)  V, = BF[B(t,T + 6)(F; — Ly)Né]
(17.111)  V, = B(t, T + 8)EF[(F, — Ly)Né]
(17.112)  F = BY[Lq]

(page 296) Cr =max[Lr_5 — K, 0]

(17.113)  C, =E2 [e* S, oK, 0]}

Chapter 18

(183) B(t’T) — e_R(Tvt)(T—t), t<T
(18.12) B(t,T) _ E? [e_ I rsds]

—log E? [6_ ftT Tsds]
T—1
(18.33) B(t,T) = e~ Ji Flt:)ds

(1840)  F(tT) = lim "% B(t,T) —log B(t,T + A)
A—0 A
log B(t,T) —log B(t,U)
U—-T

(18.20)  R(t,T) =

(page 311) Ft,T,U) =

Chapter 19

(19.14)  dB; = u(t, T, B;)Bydt + o(t, T, By) B;dV,”

(19.15)  dB; = r¢Bydt + o(t, T, By) BdW,

aa(t,T,B(t,T))} it [8a(t,T,B(t,T))
oT oT

(19.22)  dF(t,T) = a(F(t,T),t)dt + b(F(t,T),t)dW;

(19.25) 7y = F(t,t)

(19.21)  dF(t,T) = o(t, T, B(t,T)) AW,
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(page 325) F(,T)=F(0,T)+ /Ot b(s,T) ds + /Ot b(s, T)dWy

/ST b(s,u)du

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

(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;

1
(19.35) ;= F(0,t) + §b2t2 + bW,

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

_9F(0,1)

(1937)  F(0.t) = —

Paul Wilmott Introduces Quantitative Finance, 2nd Edition, P. Wilmott
Chapter 6

oV 1, RV 9V B
(66) E‘FaO’SW—FT‘S%—T‘/—O
OV 1, 0%V oV B
oV 1, 0%V v B
(68) E 50’5@4’(7"*7})5%*7"‘/—0
oV 1, OV oV B
(69) E 505w+(T+Q)S%—TV—O
av 1 0%V
(6.10) 5t 502F2m +-rV =0
Chapter 8
—r(T—t) o0 ’ 1.2 2 2 !
BT ViSH= a«e/_27T(T_—_t) [ e tonsis ety e 0 Payot($') -
Call option value
Se=PIT=)N(dy) — Ee " T~ N(dy)
d o log(S/E)+(T7D+%02)(T7t)
= ovT—t
d _ log(S/E)+(r—D—1o*)(T-1)
2 = ov/T—t
dl — oV Tt

Put option value
—Se PTN(—d;) + Ee " TV N(—dy)

Binary call option value
e "IN (dy)

Binary put option value
e "T=Y(1 — N(dy))

14



Delta of common contracts

Call
Put

Binary call

Binary put

e—D(T—t)N(dl)
e PITI(N(dy) - 1)
e—r(T—t)N/(dQ)
oSyT—t
_ e—r(T—t)N/(dQ)
oSVT—t
N'(z) = —=e 27

2

2

Gamma of common contracts

Call
Put

Binary call

e—D(T—t)N/(dl)
oSVT—t
E—D(T—t)N/(dl)

oSyT—t
e—r(T—t)le/(dQ)

T o2S(T—1)
Binary Put —QJLTQ;)(?I_V;)(@)
Thetas of common contracts
Call oS D0 IN'(@) | DSN(dy)e DT — rEe"T-ON(dy)
Put —gSe L HEd)  DSN(—dy)e DT 4 rEe TN (~dy)
Binary call re " TN (dy) + e "= N'(dy) (ﬁ — %)
Binary put re="T=(1 — N(dy)) — e " T N'(dy) (2(_7(£;]_15) — Jf/%

Speed of common contracts

e—D(T—t) ’
Call — s (dy + ovT — 1)
E—D(T—t) ’
Put —W]\it()dl) (dl"‘O’\/T—t)
Binarv call e TTIN(ds) (g4 o 1—didy
y ca 02S3(T—t) 1+ ovVT—t
e—r(T—t)N/(dz)

Binary put

o253 (T—1)

(o )

Vegas of common contracts
Call ST —te PT=YN'(dy)
Put ST —te PT=N'(dy)
Binary call —e " TN (dy) 4
Binary put e "IN/ (dy) L

Rhos of common contracts

Call E(T —t)e " T=Y N(dy)
Put —BE(T — t)e " TN (—dy)

Binary call
Binary put

_(T _ t)€—7>(T—t)N(d2) =+ lngte—r(T—t)N/(Ch)
—(T —t)e " T=D(1 — N(dp)) — Yi=Le " (T=DN'(dy)

a

Sensitivity to dividend for common contracts

Call
Put

Binary call
Binary put

—(T — t)Se=PT= N (dy)
(T —t)Se=PT=)N(—d,)
\/ITte—r(Tft)N/(dQ)

‘/?%eﬂ"(Tft)N/(dg)




Chapter 9
This material was removed from the syllabus for 2016.

Chapter 10

Section 10.4, one time step mark-to-market profit (using Black-Scholes with o = &)

= %(a2 — 6%)S”Tdt + (A" = A")((1 = r + D)Sdt + 0SdX)

Section 10.5, mark-to-market profit from today to tomorrow

N =

(0% —6%) S°T dt
Chapter 14

N
(14.1) V = Pe_y(T_t) + Z Cie—y(ti—t)
=1

Chapter 16
oV 1 ,0%°V ov B
ov
(16.5) dV —rVdt = wa(dX + Adt)

16.6 NAMED MODELS
16.6.1 Vasicek
dr = (n —~r)dt + g*/%dX

The value of a zero coupon bond is given by eA“:T)—rBET)

B=—(1-eT1)

=~

BBt T)?

A= ™

(B:T) T+ 8)0m — 56) -

le —_

16.6.2 Cox, Ingersoll & Ross

dr = (g —r)dt + VardX

The value of a zero coupon bond is given by eA(t:T)—rB(tT)

%A = apelog(a — B) + yablog((B +b)/b) — ape loga

2(e¥1(T=1) 1)
(v + 1) (e (T=D —1) + 2¢

w1=\/72+2aand¢2:aL+b
b 7+ /72 + 2
T o

B(t;T) =

16



16.6.3 Ho & Lee

dr = n(t)dt + /%dX

The value of a zero coupon bond is given by eA®T)—rBET)

B=T-t

T
A= —/t n(s)(T — s)ds + %5(T —t)3

0
n(t) = ) log Zp (t*5¢) + B(t — t¥)

Section 16.7

Forward price = —
P 7

0z 1 ,0%Z 07
E+§w W—F(U—AM)E—TZ—O

with Z(r,T) =1

Section 16.8

Futures price F'(S,r,t) = S
p(r,t)
2
op
Ip 1, dp 2 (W> p
ot T3V g Tl g s g =0

with p(r,T) =1

Chapter 17
Section 17.2 Ho & Lee

dr =n(t)dt + cdX
Z(r,t:T) = eABET)—r(T=1)

A(#;T) = log (ZM(t*; o

9 . 1 )
m> = (T = t)5- log(Zu (t%;1)) = 5c*(t = t")(T — 1)?

ot

Section 17.3 The Extended Vasicek Model of Hull & White

dr = (n —yr)dt + cdX
dr = (n(t) —yr)dt + cdX
Z(r,t: T) = AW —rBET)

B(t;T) =

1 1fe*v(T*t))
5
ST — Zu (" T) .m0 *, c —(T—t") (=t [ 2at—t)
A(t,T)—log( ZM(t*;t)> B T) g low(Zu(1731)) = (e e ) (e 1)

17



Chapter 18
Section 18.3.1 Bond Options - Market Practice

Call option price: e "I~ (FN(d,) — EN(d}))
Put option price: e "I (EN(—-d}) — FN(—d}))
log(F/E) + 10*(T — t)

oVT —t
dy=d, —oVT —t

dy =

Section 18.4.3 Caps and Floors - Market Practice

Caplet price: e G (F(t,t;_1,t;)N(d}) — reN(db))
Floorlet price: e D (—F(t,t;_1,t;)N(—d}) + reN(—db))

J log(F/re) + 30t
! o/ti—1

d/2 = dll — 0 ti—l

Section 18.6.1 Swaptions, Captions and Floortions - Market Practice
1 1\ ~2T-T)
Price of a payer swaption: Fe*T(T*t) 1-— (1 + 5F> (FN(d}) — EN(d}))

1 1 2(Tu—T)
Price of a receiver swaption: Fe_’”(T_t) 1-— (1 + §F) (EN(—dy) — FN(—d}))

log(F/E) + $0*(T — t)
oV —t
dy=d} —oVT —1t

d =

Chapter 19

(191) Z(t; T) — e ftT F(t;s)ds
(19.2) AZ(t;T) = p(t, T)Z(t; T)dt + o(t, T)Z(t; T)dX

(nn) F(;T) = —a% log Z(t; T)

18



0

(19.3)  dF(LT) = 2 (%UQ(t,T) - u(t,T)) dt — o, T)AX

oT

T
(19.5) dF(t;T) =v(t,T) </ v(t, s)ds) dt +v(t, T)dX

N

T N

(19.6) dF(t;T) = <Z vi(t,T) / v;(t, s)ds) dt + Z vi(t, T)dX;

i=1 t i=1
i—1

(197) dZZ = ’I“Zidt + ZZ Z aijde

Jj=1

(198) dZ; = (1 + TFi)dZiJrl + 12 1dF;+ 10 F 24 (Z ai+1’jpij) dt

Jj=1

‘ o0 F;Tp;;
=1 1 —f—TF]

FAQ’s in Option Pricing Theory, P. Carr

T 52 92
(38)  Br = [V(So,0;0n) — V(So,0;0:)]e™” + Srf'(St) — f(ST) +/ "= (g2 - a%)é@‘/(&,t; op)dt
0
(39) Nr = f'(St)
T SQ 62
(40)  P&Ly = NpSt — Br — f(St) = [V(S0,0;0:) — V(So, 05 03)]e™” + / " T0(of — o) 5 55z V (St o)
0

The Handbook of Fixed Income Securities, 8th ed., F. Fabozzi

Page 202 Yi=

Managing Investment Portfolios, a dynamic process, Maginn, et al
Chapter 5

(5-1) U, = E(Ry,) — 0.005R 402,

(5-2) SFRatio = E(Rp) — Ry
op
(5_3) E(Rn;w) - RF > <E(Rp0)' - RF) COTT(Rnew, Rp)
new »

(5-4)  UA™ = E(SR,,) — 0.005RA6%(SR,,)

19



Modern Investment Management:
(QFIC 106-13)

Chapter 10
(101) RLJ — Rf)t = /B(RB¢ - Rf)t) + &¢
(10.2) Sk =M1
o
(103) St = At — Lt
(104)  F, = A,/ L,

(10.6)  RACS, =

An Equilibrium Approach, B. Litterman

ot [St41]
(10.8) vy
L
(1 - ﬁj) (0129 - paBUE)
(10.9) —
op+0%5 —2p0B0E
L L
1B <5f - 1) + ij(l )
(10.10) ¢ ¢

HE — KB

(o [At (1 + RA,tJrl) — Lt (1 + RL,tJrl)]

(1011) At+1 = At (1 + RA,t-‘rl) - th (1 + RL,t+1) and Lt+1 = Lt (1 + RL,t-‘rl) (1 —p)

(10.13)  E;[Rpss1] = ElFnl(-p)+p

Ey
(10.14)  E[F]= {%&’M] Fotp E[Rt;]_+pp

(10.A.1)  Rp;s—Rpt=B(Rpt— Ryy) + e
(10.A2) V =Ce T
v dc

(10.A.4) v = (T —t)dr 4+ rdt
L
<1 - ﬂf) (0123 - pUEUB)
(10.A.14)  a= —
op +0g5 —2p0p0R
L L
i (ﬁj - 1> + 1 [By(1 = B) + )
(10.A.16)  a= ‘ ¢

HE — UB

(10.4.22)  Eo[F] = (H_M>tFo+pL

1-p
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Analysis of Financial Time Series, third edition, R. Tsay (QFIC 100-13)
Chapter 3

(32) = E(r|F_1), of =Var(r|F,_1) = E[(ry — p)?|Fy—1]

P q k
(33)  re=putan pe=3 O-i— Y Oiaii, ye=re—do— Y Bitis
=1 =1 i=1

(3.4) o? = Var(ri|Fy_1) = Var(as| Fr_1)
(pl114) ad=ap+aal |+ tapail_,, e t=m+1,....T

(SSRQ — SSRl)/m

114 F =
(p114) SSR, /(T —2m—1)
(3.5) a; = o€, af =g+ oqaf_l 4+ Ozmaf_m
(p117) ay = opey, 0F =g+ a4

3a2(1+ o)
(1 —a1)(1 = 3af)

(p120)  flaa,...,arle) = flar|Froa)f(aralFr—s) - f(amer|[Fm) f(ar, - ., am|e)

2
a; >
= X flay,...,am|a)
. l;[_H «/271'0,5 (

(p118)  E(a}) =

2
(p121) Uamigts- - ar|a, 1y Q) = — t:;rl [% ln(af) + %Z—%]
S s (CESVIE) ( i)““)”
(3.7 flalv) = N L+ = Lu>2
T 2
(38)  Lamisrarlo An) = — S [”—;1 In (1 + (U“—g)az) + %m@f)]

t=m-+1

(p121)  lams1,-- - arla,v, An) = (T —m) {m [F (U ; 1)] ~mn[r(3)]

—0.5In[(v — Q)W]} + l(ams1, .- ar|a, Am)

n ToflE(eer +@)[v]  if e < —0/0
(3.9)  gledlgv) = 2°
E+t

of [(oer + @) /€] if & > —w/o
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(p122)

(3.10)

(3.11)

(3.14)

(3.15)

(p132)
(3.17)

(p133)

(3.22)

(3.23)
(3.24)

(p143)
(p143)

(3.25)

(3.26)

(3.27)

(p144)

(p148)
(p148)
(p148)

__Tlw-1/2vv—2 (5_1)’ 0% = <§2+i_1)_w2

VAT (0/2) : o
v exp (—%|x/)\\”)
= — <
f(x) )\2(1+1/U)F(1/11)’ o<r<oo, 0<v <
o2 (0) = o + Zaiai(é —14). where ojp((—i)=aj , ;if£—i<0
i=1

GARCH (m,s) : a; = o€y, af =aqp+ Z aiaf_i + Zﬁjaf_j

i—1 j=1
max(m,s) s
GARCH(m,s): a? = ag + Z (i + Bi)a?_; +m — Z,Bjnt_j
i=1 =1
E(a? 1-— 2
(at)] 3[1 — (a1 + B1)7] 53

[E(a2)]? T 1o (a1 + B1)? —2a2
or(l) = ap + (a1 + f1)or(f—1), £>1
_ o[l — (a1 + 8]

l—ar -5
i (0) = oj(1) + ({ = Dag, £>1
GARCH(1,1)-M: ry=p+ ccrt2 + ay, a; = o€y, af =ag + alaf_l +610t2_1
g(er) = Oer +v[|ec] — E(lec])]

| (0+v)ee —vE(let]) if e >0
9le) = { (0 —v)er —vE(let]) if e <O

2v/v —2I"[(v + 1) /2]
(v—1I(v/2)y7

EGARCH (m,s) : a; = oy, In(0?) = ag +

;. (0)

+ (a1 + B1) o2 (1)

E(le]) =

1+piB+ -+, 1B
l—-ayB—--—ay,B™
ar = oy, (1—aB) ln(of) = (1 —a)ao + g(et—1)

g(ﬁt—l)

B o avt+(v+0)e ife; 1 >0
(1 —aB)n(o}) = { a4 (7= 0)(—€e—1) ife1 <0

exp |(y+0) Zi_il ifa;_1 >0

op = 07 exp(a) lay 1
exp |(y—0)——| ifa—1 <0
Ot—1
i1 = 05 expl(1 — a)ao] explg(eni1)]
E{explg(e)]} = exp (—11/2/7 ) [T 200+ 7) + =" 2a(y — 9)]

67(3) = 67°1(j — 1) exp(w) {exp[(0 + 7)/2®(0 + ) + exp[(0 — 7)?/2®(y — 0) }
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Frequently Asked Questions in Quantative Finance, P. Wilmott
Q23 - Jensen’s Inequality (103-105)

If the payoff is a convex function, E[P(St)] > P(E|[ST])

Ef(S) = B [f(5+0)] = B | £(3) + e (8) + 51" (8) +

1
The LHS is greater than the RHS by approximately §f”(E[S])E[e2]

Q26 - Girsanov’s Theorem (113-115) The Theorem is:

Let W; be a Brownian motion with measure P and sample space 2. If ; is a previsible process satisfying

the constraint Ep [exp (% fOT 'yf)} < 0o then there exists an equivalent measure @ on €2 such that W, =

Wi + fot vsds is a Brownian motion.
Chapter 6 - The Most Popular Probability Distributions

Normal or Guassian:

1 xr —a)?
f(x):mbexp<—( 2()2) ),—OO<{L'<OO,/,L:(L,O'2:b2
Lognormal:

! 1 2 Lo 2 2 2
f(x):mbxexp —opn(@) —a)’ ),z >0, p=exp(at 5?0 — exp (20 + %) (exp(b?) — 1)
Poisson:
p(w)zexva ,o=0,1,....,p=a,0"=a

Chi square (note that this is a generalization of the usual chi-square distribution):

6—(3c+u)/2 > wi—1+v/2ai

— — 2 _

J@) = 2 L 22ij!1"(i—|—v/2)7$ZO’M_U_‘_G’U =2(v+2a)
Gumbel:

1 — T a—x 2 272
f(;p):zexp 5 exp(fe b ),foo<z<oo,u:a+’yb,a = —m*b*wherey = 0.577216.. ..
Weibull:

c—1 2
— - 1 2 1

f(:E):E i exp | — z T > a, b = a+bl’ et ot =b (T et -T ot

b b b c c c
Student’s ¢:

9 7::«51

(5 (=5*) 2 €\ 2

f(x):b\/ﬁlz(%) 1+ - ,—oo<:v<oo,p:aforc>1,or:<c_2>b for ¢ > 2.



Pareto:

ba® ab a’b
= —0= > = f l.og2=— """ _forb>2
f(ll?) xb+17x_a7,ud a—1 or b > , 0 (b—2)(b—1)2 or b >
Uniform:
_ 1 _a+b 5, (b—a)?
f(x)—b_a,a<m<b,,u_ 50 =

Inverse normal:

f@) = ol e (-2 (224) ) o> 0. =007 =2
DTN 2 O Tog a N E=G 0=

Gamma;:
1 z—a\° 1 a—
f(:E):bF(c)( b ) eXP(—)vaa,Mza—l—bc,aQ:ch
Logistic
1 Tr—a 1
() = e (5) 5, —o00 <z <00, p=a, o’ = =mr’b’
b {1+ e (572)) 3
Laplace:
! | 4l 2 2
f(fﬂ)—Q—beXp . , —oo<x <00, p=a,c>=2b
Cauchy:
1 .
f(x) = — 00 < x < 0o, moments do not exist

ad+bc cd(b— a)?

ctd 7 T (crd+Dicta)p

Exponential:

= s (252 2 0=

Lévy:

no closed form for density function, 1 = j, variance is infinite unless o = 2, when it is 0 = 2v
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Risk Management and Financial Institutions, second edition, J. Hull
Chapter 9-Volatility

(9.1) Prob(v > z) = Kz™¢

9.5 o2 = aiu27.
( n n—
i=1

m

(page 186) Zai =1
i=1

(9.6) o2 =4V + Z aul

i=1

9.7  oi=w+ Z ol
i=1

(9.8) on = Aop_y 4 (1= ANup_,
(9.9 2=V +au? |+ po?
(9.10) o2 =w+taud | +po?_,
(9.14)  Elo2,]=Vi + (a+B) (o2 — V1)
1—e T
(9.15)  o(T)* = 252 {VL +—=—[V(0) - VL)}

Ao(T) 1—e " 5(0)
Ac(0) © aT  o(T)
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