Quantitative Finance and Investment Core Formula Sheet

Spring 2018

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.



An Introduction to the Mathematics of Financial Derivatives, 3rd Edition, A.
Hirsa and S. Neftci

Chapter 2
1 (14+rA)  (1+74)
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Chapter 4
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Chapter 5
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(5.45) ripn — 1 = E[(rien — r)|I] + o (L, t) AW,
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Chapter 6
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(65) E,; [ST] = St7 forallt<T
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Chapter 7
(7.23)  AWj =[Sk — Sp_1] — Ep_1[Sk — Sk_1]
(7.26) W = zk: AW,
=1
7.28 Ep_1[Wi] = Wi_1
(7.29)  VF =Eo[AW?]
2 n
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(7.31) V>A4,>0

(7.33) V< Ay <o

(7.34)  Vyaw = m]?X[Vk, k=1,...,n]
Vk

Vinaz

(7.36)  E[AWR]? = oih

(7.56) Sk — Sp_1 = Ex_1[Sk — Sp_1] + 0 AW,

Chapter 8

(7.35) > A3, 0<As3<1

| 1 with probability Ad¢
(8.7) ANy = { 0 with probability 1 — Adt

(88) M, =N, — At
(89) E[M]=0
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wp, with probability p,,
(8.22)  E[o,AWR]? = oih
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(8.23) Zpiw,f =oth
i=1

(8.28) wi(h) = w;h™

(829)  pi(h) = pih®

(8.33) g +2r;=1

(8.34) ¢ =w?p;

(858)  J, = (N, — At)

(8.60)  dS, = a(S;, t)dt + o1 (Sy, )dW; + 02(Sy, t)dJ,
(8.75) to=0<t1 <---<t,=T

(876) nA=T



877)  S;i=S5,, i=0,1,....n

- _ | wS; with probability p;
(8.78) Si1 = { d;S; with probability 1 — p;

(8.79)  w;=eVA, foralli

(8.80) d;=e V2, foralli
1 o) .
(881)  pi=3 {1 n ;x/Z} , for all i
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(8.92) log Sgn = Zlog % +nlogd

Chapter 9
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(9.37) limElZo(Sk_l,k)[Wka_l] /O a(su,u)qu] =0

n—o00
k=1
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0 0

0 0

/T f(Wy, t)g(Wy, t)dt]
0

2 T
_ 2
—E /0 FWit) dt}

T
(9.133) E V FOW,, £)dW,
0




Chapter 10

(page 170) dS; = apdt + o¢dWy, t >0
OF OF 1 ,0%F
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10. Fy = |ay=—— + — + =02 —
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0 0
1
(10.69)  dF = Fydt + Fy,dS; + F,,dSs + 3 [Fyy5,dST + Fiys,dS3 + 2F,, 5,dS1dS5]
(10.79)  Y(t) =Y _ N;(t)Pi(t)
=1
(10.80)  dY(t) = Ni(t)dPi(t) + > dN;(t)P;(t) + Y  dN;(t)dP;(t)
=1 =1 =1
(1081) dSt = atdt + O'tth + th, t Z 0
(10.82)  E[AJ] =0
k
(10.83)  AJ, = AN, — [/\th (Z aipi>]
i=1
k
(10.84)  ar =0+ N\ (Z aipi)
=1
b 1
(10.85)  dF(Si,t) = |Fy+ X\ Y _(F(Se + ai,t) — F(Sy,t))pi + §Fsso2 dt + F,dS; + dJp
1=1
k
(10.86)  dJp = [F(Si,t) — F(S7,t)] — A lZ(F(St + a;,t) — F(Sy, t))pi] dt
1=1
(10.87) Sy =limS,, s<t
s—t
Chapter 11
(1124) dS; = /J/Stdt + O'Stth, te [0, OO)
(11.30) S = Spella=307)t+oWi}
(1134) dSt = ’I”Stdt + O'Stth, t e [0, OO)
(11.38) Sy = {Soe(rfég%T} [eaWT]
(11.42)  Z, =™
(11.50)  z, =E[Z] =37t
(11.55) Sy = e "TVE,[Sy]



(11.72)  dS; = pSydt + o+/SidWy, t € [0,00)
(11.74)  dS; = A — S)dt + oS, dW;

(11.78) dS; = —uSidt + odW;

(11.79)  dS; = pdt + o, dWy,

(

page 191) doy = Moo — o1)dt + aodWa

| 1 with probability \dt
(page 193)  dN; = { 0 with probability 1 — Adt

t
dSt * ok T J
(11.84) = = (p— N'K")dt + ocdWy + (e — 1)dN,
t

(page 194) S, = Spelr—atwlt+X(to,v.0)

T — Qg)2> gt/uflefg/u dg

194 jo,v,0) = A -
(page 194) f(x;0,v,0) /0 o\27g exXp ( 2029 vtV (t/v)

Chapter 12
(12.3) P, = 6,F(S,,1) + 625,
(124) dPt = 91dFt + BQdSt
(125) dSy = G,(St, t)dt + O'(St, t)th, t e [O, OO)
1
(126) de = Ftdt + = 5 ggO't dt + F dSt

1
(12.7)  dF, = |Fsa; + §F550t2 + Fy| dt + FyordW,

(12.10) 6, =1
(12.11) 6y = —F,
1
(12.12)  dP; = Fydt + §Fssot dt
1

(12.16)  r(F(Si,t) — FoSy) = Fy + 5Fssaf

1
(12.17) —rF+rFSSt+Ft+§FSSaf =0, 0<S;, 0<t<T
(1223) Pt = F(St,t) - FS(St,t)St
(12.24)  dP, = dF(S,t) — F,dS; — SydF, — dF,(S;, t)dSt

(12.26)  dP; = dF(S;,t) — FydS; — S; H st + FasitSy + 5 Foss0t 282\ dt + F,s0S:dW;

(12.28)  dP; = dF(S;,t) — FydS; — Si[Fys(pp — ) S;dt] — FusoS2dW,;

Fiso; S’th



page 202) AW} = (edW; + (1 — r)dt)

(

(12.29)  aoF + a1 FsS; + asFy +a3Fss =0, 0< S, 0<t<T
(12.30)  F(Sp,T)=G(Sr,T)

(1232)  FE+F,=0, 0<S;, 0<t<T

(12.33)  F(Si,t) =aS; —at+ 8

(12.44)  F(S,t) = et

(12.46) —03F+F;y =0

(12.47)  F(S;,t) = %a(st —S0)* + ?a(t —t0)* + 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) = /Lst
(13.2) o(Sy,t) =085, te0,00)
1

(13.3) —rF +7rF,S; + Fy + §oQFSSSt? =0, 0<S;, 0<t<T
(13.4) F(T) = max[St — K, 0]
(13.6)  F(S;,t) = S;N(dy) — Ke " T N(dy)

In(5: LoH)(T -t
137)  dy = n(Z) + (r+ 50°)( )

oVIT —t
(13.8) dgzdl—a\/T—t

S
13.9 N(dy) = e 2% dx

(13.12)  a(S,.t) = uS,
(1313) O'(St,t) = O'(St7t)St, te [0, OO)

1
(13.14) —rF +1rF,S;, + F; + 5a(St,t)QFsssf =0, 0<8;, 0<t<T

(13.15) F(T) = max[Sr — K, 0]

1
(13.34) rF —rF,S; — 6 — F; — §Fssat2 =0
(13.35) F(Sir, Sor, T) = max[0, max(Sir, Sor) — K| (multi-asset option)
(13.36) F(Si1,Sor, T) = max|0, (S — Sor) — K| (spread call option)
(13.37) F(Sir, Sor, T) = max|0, (01 S17 + 02521r) — K] (portfolio call option)
(13.38) F(Sir, Sor, T) = max|0, (S17 — K1), (Sor — K2)] (dual strike call option)
AF AF 1 , ,A%F



AF  Fy—Fij
(13.48) A ! A7 .
AF F; — F;

(13.49) TSA—S ~rS;— AS LJ

AF Fiy1, —F
(1350)  rS3c~ rsj%

AzF - F7;+17' —Fi' Fi'_Fifl,' 1
(13:51) AS? "~ { AS T As ]] AS
Chapter 14

(14.7) /Oo dP(z) = 1
(149) B[z — Bla]? = / (2 — E[z])2 dP(z1)
(14.29) [1 — Rt ]
(14.31) [ St+1:| Sy
(14.41) 2 ~ N(0,1)
(14.42)  dP(z) = \/12?@—%@0261%
(14.43)  &(z) = emnm 3k’
(14.44) [dP(2)][¢(2)] = V;?ef%(z?)mﬁémd%
(14.45) dQ(z) = V%e_%(z‘_“ydzt
(14.47)  dQ(z¢) = &(21)dP(2)
(14.48)  &(z0) " 'dQ(z:) = dP(z)



Zot — M2

O
1 -3 2, oz — e ]Ql{ 1 Ml}

e
214/ |9

2
_ | 01 012
(14.54) Q= [ 12 02 }

(14.53)  f(214, 220) =

(14.55) Q| = 0?03 — 0%y
(1456) d]P(th, th) = f(th, th)dzltdZQt

(14.57) &(z1e, 221) :exp{—[ Z1t, 22t ]Q*l { Z; } + %[ Hi, M2 ]971 [ Z; }}

(14.58) dQ(z1¢, z2t) = §(214, 22¢)dP (214, 22¢)

1 ~3[ z1, 22 ]Ql[ z” }
(14.59) dQ(z14, 221) p ] e 2t 1 dzypdzoy
(14.60)  &(z) = e = ntduatn
(14.74)  dQ(z) = &(z)dP ()
(14.75)  dP(z;) = &(2¢) " 1dQ(2)
(14.76) & = elo XudWums [ X0du) 4 [0, 77
(14.77) E [efJ Xid“} <o, telo,T]

t u
(14.83) E[/ ngdeSUu] :/ £ X AW,
0 0

t
(14.84) Wy =W, 7/ X,du, tel0,T)
0

(14.85)  Q(A) = E*[1aér]

(14.86)  dW; = dW, — X,dt
(14.93)  dQ = &rdP

(14.122) A UA,U---UA, =Q
(14.123) 14, +1a, +...14, =10
(14.127)  E7[Zi14,] = Q(4))

(14138)  EF[g(X,)] = / o) (2)dz
(page 248) 9(Xy) = Zih(Xy)

(14140)  E'lg(xX0)] = [ h(e)f(w)dz = EUR(X)
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Chapter 15

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

(15.4)  M(\) = E[e¥*}]

(15.10)  M(\) = ePutt3o®23%)

(15.15) Sy = Spe¥* ,t €0, 00)

(15.25)  E[Sy|Su,u < t] = Syett=)F30°(t=s)

(15.30)  Z, =e S,

(15.31)  E2[e "'S,|Su,u < t] =e S,

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

(15.38) EQ {e”(t*“)SJSu,u < t} = G, W ep(t=w+50%(t=u) where under Q,Y; ~ N(pt,o?t)

3
EQ [e_”St|Su, u < t] =e ™S,

dSt = TStdt + O'Stth*

p=r-—

dSt = /Ltdt + O'tth
d[e_TtSt] = e_rt [Mt - ’I’St]dt + e_TtO'tth

( )

( )

( )

(15.58)  C; =E® {e_T(T_t) max{Sr — K, 0}]
( )

( )

(15.92)  dW; = dX, + dW,

gt

(15.97)  dX, = {M} dt

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

Chapter 17

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

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

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

(page 282) Bt1 = B(tla T)

(page 282) B;, = B(t3,T)
1 Rthgz Rth}ng Rth;tig J Rth(tiQ 4 wuu
0 (Ftl - L;SLQ) (Ftl - ng) (Ftl - Ltg) (Ft1 - Ltg) wud

(17.6) B; | =11 1 1 1 "
|l oo |
Cy, (Ohe Ct CL! Ciy

11



(17.13) 1= Ry RLY™ + Ry, Ry " + Ry, R ™ + Ry, R %
(17.14)  Qij = (1+74,) (1 + 7 )"
(17.15) 1= Quu + Qud + Qau + Qua

r 1
17.18 B =FEQ }
e (o Ty

r B,
17.21 B, =E® 3
1wz By _<1+n1><1+n2>}

1

17.22 0=E? F,, — L
(17.22) [(1+7’t1)(1+n2)[ u tz]}

r 1
17.23 C,, =EQ C
Ar28) O =E T ) }

1 Ly
(17.31) F, = — EQ { : ]
1 1
EQ W} (L4 7re)(L+7,)
(17.36)  Bj =" + ¢t 4y 4 g
1 .

(1738) Tij = Btgl ’lr/) ’

(17.39) 1 = Tyu + Tud + Tdu + Tdd
(17.46)  F, = E7[L,,]
(17.52) Cyy = Nmax[Ly, — K, 0]

1
(T+7,) (1 4 7,)
(17.55)  Cy, = B E"[max[L,, — K, 0]]

G o(Cr
(17.56) St]Et(ST>

(17.57) Céf) = ES (W)

(17.53)  C;, =E© { max[L;, — K, 0]

St
2 =1 —
(page 290) Y og ( K >

(oge 201 L = / T (1 - Fly))evdy
(17.63)  F(:T,S) = s_% <§Ei g _ 1)

(1764) O0=To<Ti<Th<---<Ty
(17.65) A, =Ty —Ti=0,1,2,...,M — 1
P(thn) - P(t7Tn+1)
AR P(t, Tht)
- 1
17.71)  P(Ty,Tysr) = [ —————

Jj=1

(17.66)  Ly(t) =

12



n—1 1

(17.72)  P(t,T,) = P(t,T;) H

- T <t<T
LT AL (T mrs =

(17.75) tTlH1+AL )
7=0

n—1
iz w550
[T—6(1 + AL (Ty))
(17.78)  dLy(t) = pun(t) L (t)dt + Ly, ()07 (£)dW;,0 <t < Tpyyn =1,2,..., M

(17.103)  pin(t) = Z 2 fi)A L( )(U)J(t)
=t it

(17.77)  D,(t) =

(17.105)  V; =E2 [e— S rudu (g, LT)Né}
(17.110)  V; = EF[B(t,T + 8)(F; — Ly)NJ]
(17.111)  V, = B(t, T + 6)EF[(F; — Ly)N?]
(17.112)  F, = EF[Ly]

(page 296) Cr =max[Lr_5 — K, 0]

(17.113) €, =E® [e* Sradup, oK 0]}

Chapter 18

(18.3)  B(t,T) = BIDT=8 " ¢ o
(18.12)  B(t,T) = E2 [e— I d}

— IOg E? |:€7 ftT Tsdsj|
T—1
(18.33) B(t,T)=e" S F(ts)ds

(1840)  F(tT) = fim 28BGT) —log B, T+ 4)
A—0 A
log B(t,T) — log B(t,U)
U—T

(1820)  R(t,T) =

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

Chapter 19

(19.14)  dB; = u(t, T, B;)Bidt + o(t, T, B;) B;dV,"
(19.15)  dB; = ryBydt + o(t, T, By) B{dW,

do(t,T, B(t,T)) do(t,T, B(t,T))
T } dt = [ T

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

(19.21)  dF(t,T) = o(t, T, B(t,T)) AW,
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T t
/ b(s,u)du| ds —|—/ b(s, T)dWy
s 0

(19.26) re = F(0,t) + /Ot b(s,t) [/; 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;

(page 325)  F(t,T) = F(0,T) + / s, T)
0

1
(19.35) . = F(0,t) + §b2t2 + bW,

(19.36)  dry = (F4(0,t) + b?t)dt + bdW;
OF(0,t)
ot

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

v o1, 0%V 1%
+ -0

(19.37)  F(0,t) =

(6.6) 2 T3 SerrS%frV:O

(6.7) %—Y + %0’252% + (r— D)Sg—‘; —rV =0

(6.8) %/ + 30252% + (r— rf)sg—g —rV =0

(6.9) %—‘; + 30232% +(r+ q)S(Z—‘; —rV =0

(6.10) % + %UQFQ% +-1V =0
Chapter 8

as’

—r(T— <]
(87  V(St)= e(t)/ e*(log(s/sl)ﬂ“%"2)(T*t))2/ZUQ(T*t)Payoff(Sl)?
0

o/ 2m(T —t)

Call option value
Se=PIT=ON(dy) — Ee " (T~ N(dy)
d . log(S/E)+(T7D+%02)(T7t)
1= ovT—t
d _ log(S/E)+(r—D—30%)(T—t)
2 = o/T—t
= dl — oV T—1t

Put option value
—Se PIT=ON(—dy) + Ee "T=) N(—dy)

Binary call option value
e—r(T—t)N(dQ)

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

14



Delta of common contracts

Call e~ PT=YN(dy)
Put e PT=Y(N(dy) — 1)
Binary call %
Binary put —657\/#((12)
o Et 1,2
N/(.’E) = ﬁe 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/(d2)

o )
inary Put ST
Thetas of common contracts
Call o870 2N | DSN(dy)em T — rEe TN (dy)
Put . ﬂSe*D;i/g\t[/(—dl) _ DSN(_dl)e—D(T—t) + TEe—r(T—t)N(_dQ)
Binary call re " TN (dy) + e " T N'(dy) (ﬁ - UQ‘%)
Binary put re T (1 — N(dy)) — e " T N'(dy) (ﬁ — 70’:/%)

Speed of common contracts

Call
Put

Binary call

Binary put

e—D(T—t)N/ d
— ey (i +ovT =)
—e N () 4 o T — )

0252(T—t)
e—r(T—t) N’(dz

T oISST—t)

e—r(T—t)N/(dz)
o253 (T—t)

(2 + 2

(o + 104)

)

Vegas of common contracts
Call ST —te PT=YN'(d,)
Put SVT —te PT=N'(d,)
Binary call —e "IN/ (dy) &
Binary put e "IN/ (dy) &

Rhos of common contracts

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

Binary call
Binary put

—(T — t)e_r(T_t)N(Ch) + @e—r(T—t)N/(ab)
—(T = t)e"T=D(1 = N(dy)) — YL=Le=m(T=) N'(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 (~dy)
_ \/T—tefr(Tft)N/(dQ)

a

\/’J;—te—r(T—t)N/(d2)




Chapter 10

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

1 ) .
= 5(02 — 63 S%Tdt + (A" — A")((u — r + D)Sdt + 0SdX)

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

(02 — 52) S°Tdt

DN | =

Chapter 14

N
(14.1)  V=Pe VT 43" vt

i=1

Chapter 16
oV 1 L,V oV
°)%
T

16.6 NAMED MODELS
16.6.1 Vasicek

dr = (n —~yr)dt + g*?dX

The value of a zero coupon bond is given by eA®HT)—rB#T)
B= l(l — e—"/(T—t))
Y
1 1 BB(t;T)*
A= —(BH:T)— T+ )y — =) — 228 E)
LT - T 0~ 3 - 22

16.6.2 Cox, Ingersoll & Ross

dr = (g —r)dt + VardX

The value of a zero coupon bond is given by eAtT)—rB(tT)

%A = ats log(a — B) + thablog((B + b) /b) — ats loga

2(e¥1(T=t) 1)
(v + 1) (e (T=0) = 1) + 29

Py = V72+2@and¢2=ai+b
By + V2
«

B(t;T) =

b,a

)

16.6.3 Ho & Lee

dr = n(t)dt + /%dX

16



The value of a zero coupon bond is given by eA®HT)—rB®HT)

B=T-t

T
A:—/t 77(3)(T—8)ds—|—éB(T—L‘)3
2

0
n(t) = o0 log Zn (t*5t) + B(t — t¥)

Section 16.7

S
Forward price = —
orward price

0Z 1 ,0°Z Y4

with Z(r,T) = 1

Section 16.8

S
Futures price F'(S,r,t) =
0= e
2
d
ap 1 ,0% dp 9 (6r>
8t+2w 8r2+(u_)\w)8r_Tp_w q

with p(r,T) =1
Chapter 17
Section 17.2 Ho & Lee

dr = n(t)dt + cdX
Z(r,t:T) = AT (Tt

0
+paﬁ—r =0

A(t;T) = log (ZM(t*T)) —(T - t)g log(Zy (t;1)) — %cz(t — )T —t)?

Zp (%5 1) ot

Section 17.3 The Extended Vasicek Model of Hull & White

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

1
B:T) = — (1—e @)
5

Z]u(t*; T)

ZM(t*;t)

A(t;T) = log ( oy

17

o c?
) — B(t;T)= log(Zp (t";t)) — 13

Y

(e—w—t*) _ e—w(t—t*))Q (ezwt—t*) _ 1)



Chapter 18
Section 18.3.1 Bond Options - Market Practice

Call option price: e "T=)(FN(d}) — EN(d}))
Put option price: e "IV (EN(~db) — FN(—d}))
log(F/E) 4+ £0*(T —t)

oT —t
dy=d) —oVT —t

d) =

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}) 4+ reN(—db))

J - log(F/re) + %O'Qti_1
=

o/ti—1
d; = dll — 0 tifl
Section 18.6.1 Swaptions, Captions and Floortions - Market Practice
1 1\ "2AT=T)
Price of a payer swaption: Fe*T(T*t) 1-— (1 + 2F> (FN(d}) — EN(d5))

—2(T,-T)
1 1
Price of a receiver swaption: Fe*T(T*t) (1 — (1 + 2F> ) (EN(—dy) — FN(—d}))

log(F/E) 4+ 0*(T — t)
oVT —1
dy=d, —ovVT —1

dy =

Chapter 19

(19.1) Z(t:T) = e ST F(t;s)ds
(19.2) dZ(t;T) = pt, T)Z(t; T)dt + o(t, T)Z(t; T)dX

(nn) F(;T) = 7(9% log Z(t;T)

18



(19.3)  dF(T) = 9 (

1, 0
5T \ 3 (t,T)— u(t,T)) dt — —o(t,T)dX

2 or

T
(195)  dF(:T) = v(t,T) ( / zx(t,s)ds) dt + v(t, T)dX

N T N
i=1 : i=1
i—1
(19.7)  dZ;=rZidt+ Z; Y a;dX;
j=1

j=1

(19.8) dz; = (1 + TFi)dZiJrl +17Zi1dF;+ 10, F 241 (Z aiﬂ’jpij) dt

: oiF;Tpi
(199) dF; = E A R o Fidt + o, F;dX;
=1 1 —f—TFj

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

Page 202 Y, =

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

(5-1)  Un = E(Rp) — 0.005RA02,

E —
52 seaio BRI
op
E - E(lp) —
(5_3) (Rnew) RF > ( (Rp) RF) COI‘I‘(RneuH Rp)
Onew Op

(5-4)  UAMM — E(SR,,,) — 0.005R402(SR,)

19



Analysis of Financial Time Series, third edition, R. Tsay

Chapter 3
. Ht = Ty L'y—1), Oy = Var(ryly—1) = Ty — e t—1
(3.2) E(r|Fi-1), of = Var(r|F-1) = B[( )?|Fi]
P q k
(33)  re=ptan =Y Gw—i— Y i gp=ri—do— Y Biwu
i=1 i=1 i=1
(3.4) of = Var(r|Fi_1) = Var(a;|F,_)
(plld) @l =ap+aa;_;+ - +ama;_, +e. t=m+1,...,T
(SSRO - SSRl)/m
114 F=
(p114) SSR, /(T —2m — 1)
(3.5) a; = o6y, 0F =g+ oqal |+ apal
(p117) a; = o6y, 07 = o+ aqa;
303(14 ay)
118 E(a}) = 0
(p ) (at) (1 o &1)<1 o 3@%)
(p120) flay, ... ar|a) = flar|Froa) flara|Frz) - f(amsa|[Fn) fan, . ..
a 1 a?
- H = exXp (—2—'52) X flay,...,an|a)
t=ma1 V 2T0; O
L1 1a2
(p121) Uamait, - ar|a,aq, ... ) = —t:zm;rl {5 In(o?) + 50—%
r 1) /2 9\ —(v+1)/2
(3.7) fle]v) = v+ 1)/2 <1 + €—t> , v > 2
C(v/2)y/(v—2)7 v—2
T
v+ 1 a?
(38) E(am+1,...,aT|a,Am) = — Z |: 9 In (1+(7J——152)0‘t2>
t=m-+1
1
(p121) Uamet, - ar|a,v, Ay) = (T —m) {ln [F (U ;— )] —1In [F (
—0.5In[(v — 2)7?]} + U ams1, - -, ar|a, Ay)
2 . _
i lgf[f(get +w)v] ife < —w/o
(39)  glelev)={ 3¢ S
n Tofl(oe +©) /&) if e > —0/o
¢

20
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(o122 w:”@—l)/ﬂm(g_l), (e ko)

Vrl'(v/2) 3 &2
vexp (—i|z /A
(3.10) f(z) = )\82(111(1/1,)21[({/1))7 —oo <z <00, 0<v <00

(3.11) or(l) = ap + Zaiai(ﬁ —1i). where oj({ —i)=a},,;if(—i<0
i=1

(3.14) GARCH(m,s) : a; = o6y, 02 = ag + Z oal ; + Z 5jat2_j
i=1 j=1
max(m,s)

(3.15)  GARCH(m,s):a? = ag+ Z (i + Bi)ay_; + e — Zﬁmt 5

7=1

E(af) _ 3[1 = (v + )7 >3
]

[E@)?  1— (o + )2 — 203
(3.17) or(l) = ag+ (an + Br)op (L — 1), €>1
o[l = (a1 + 1)
l—a1 =
3.22)  oj(0)=o0r(1)+ (£ —1)ag, £>1
3.23) GARCH(1,1) = M : 1y = p+co} + az, a; = o164, 07 = g + cna;_; + fror,
3.24)  g(&) = Oe +7[lec| — E|e)]

0+, —vE(le]) ife >0
(p143) gka::{ge—zﬁt—zEHQB if e, <0

2v/v — 20[(v + 1) /2]
(0= DT (0/2)v/7

(3.25) EGARCH(m,s) : a; = 0,6, In(0}) = o +

pl33)  o3(l) = + (a1 4 B1)lon(1)

(p143)  E(le]) =

1+ BB+ + BB
l—-ayB—--—a,B™
(3.26) a; = o6, (1 —aB)In(o?) = (1 —a)ag + g(e1)

g(€-1)

_ oy _ J o+ (v +0)e ife, 1 >0
(327) (1 OZB) 111(@) - { Qe + (’7 . 0)(_615:1) lf €11 < 0

exp |(y+6) atl] ifa,_1 >0
« T¢_
(p144) o = 07% exp(a.) -

exp | (y —0) |Zt_1|} if ;1 <0
t—

(p148) Opq = o2 exp[(1 — ay)ag) explg(ens1)]
(p148)  E{explg()]} = exp (—yv/2/7) [ 200 + 4) + 02 (y - )]
(p148)  67(4) = 67 (j — 1) exp(w) {exp[(6 +7)*/2®(0 + 7) + exp[(6 — 7)* /28 (v — 0)}
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Frequently Asked Questions in Quantative Finance, P. Wilmott (QFIC-113-17)
Q23 - Jensen’s Inequality (103-105)

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

BIF(S)] = B[£(5 +6)] = B | £(5) + ef'(5) + 5 1(3) + -
~ (5) + 5 f(8) Bl
= F(E[S) + (B[S EL
The LHS is greater than the RHS by approximately % f"(E[S)E[e?]

Q26 - Girsanov’s Theorem (113-115) The Theorem is:
Let W, be a Brownian motion with measure P and sample space ). If 7, is a previsible
process satisfying the constraint Ep [exp (% fOT ’yf)] < oo then there exists an equivalent

measure Q on 2 such that W, = W, + fg vsds is a Brownian motion.
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Risk Management and Financial Institutions, second edition, J. Hul (QFIC-109-
15)

Chapter 9-Volatility

(9.1) Prob(v > z) = Ka™°

(9.5) o2 = Z au?
i=1

(page 186) Z a; =1
i=1

(9.6) o2 =7Vp+ Z Ul

i—1
(9.7) o2 =w+ Z Ul
(9.8) 721 = )\Un (1 - )‘)uifl
(9.9) 2 = AV +aud |+ Bo? |

(9.10) 02 =w+au |+ po>_,
(9.12) i [— Inv— —12}

=1

(9.13) Z [— In(v;) — —]
(9.14) =Vi+ (a+8) (ol — V1)

1 —e ol
o - v
Ao(T) _1—e T 5(0)

Ac(0) ~  aT o(T)

(9.15) a(T)2 = 252 {VL +

(9.16)
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