Financial Economic Theory and Engineering Formula Sheet

2010

Morning and afternoon exam booklets will include a formula package identical to the one
attached to this study note. The exam committee felt that by providing many key formulas,
candidates would 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 syl-
labus 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.



General Formulas

Lognormal distribution:

flx) = — ! 5= exp {—%—(ln@;z_ 2 }
BIX] = et7/2 VK] = et (¢ < 1)
Pr[ng]zcb(@) z>0

Normal distribution:

)= e {3

o o

Capital Asset Pricing Model:

Cov(R;, R)

E[R;]| = Ry + B (E[Rn] — Ry) where - f; = Var[R,,]

Weighted Average Cost of Capital:

B+kS
B+S “FB+S

WACC = (1 — 7.)ky

where ky=return on debt, ks =return in equity.
GARCH(1,1) Model

Yi = p+ o of =ap+ay (Y — p)? + Bor

RSLN-2 Model

2

pt) where {p;},t=1,2,..., is a Markov process with 2-states.

Y;f’pt ~ N (:upﬂa

Dij = Pr[ﬂtﬂ = j‘Pt = Z]

Conditional Tail Expectation
For loss L, continuous at V,, = F; '(a):

CTE.(L) = E[L|L > V,(L)]
If there is a probability mass at V,, define §' = max{(5 : V,, = Vj}, then

(1-F)E[X|X >V, ]+ (8 —a)V,
1—a

CTE.(L) =



Vasicek Model

dr = a(b—r)dt+ odz P(t,T) = A(t, T)e  B&TIr®

B(T) — 1—+(T_” A<t7T):eXp[(B(taT)—T—Z;)(GZb—UQ/2)_JQBELZT)Q]

Cox Ingersoll Ross Model

dr = a(b—r)dt+o\/rdz P(t,T) = A(t,T)e B¢Dr®

T )@ -1+ 2y 1) =

2ve
(v +a)(er) —1) + 2y

Ho-Lee Model

dr = 0@t)dt+odz  0(t) = F,(0,t) + o’
P(t,T) = A(t,T)e"®TD
P(0,T) L, 2
InAt,T) = In—=—"o+4 (T —t)F(0,t) — =o*t(T —t
nA(t,T) DP(07t>+( VE(0,2) = 50°¢( )
Hull-White (Extended Vasicek) Model
2
dr = (0(t) — ar)dt + odz 9(75):Ft((),t)+aF(0,t)+g—(1_6—2at)
a
P(t,T) = A(t,T)e B&Tr®
1— e—a(T—t)

B, T) =
a
_ P(07T) 1 2 —aT —at\2 2at
nAt,T) = In PO.1) + B(t,T)F(0,t) 1237 (e e )" (e 1)

Itd’s Lemma
Let X be an Itd process such that dX; = u(t, X;) dt + v(t, Xy) dWy,

and let ¢g(¢,x) denote a twice differentiable function. Then, for Y; = g(¢, X;),
dg dg 10%g

AYy = =2t X0) dt + 2= (1, X,) dX, + 5 55 (1 X)) (dX,)*.

Geometric Brownian Motion

dS;

?t:,udt—i-adZt

Black-Scholes Pricing Formulas

¢, = SyN(dy) — Ke "= N(dy)



pr = Ke "TYN(—dy) — S;N(—d,)

In(S;/K) + (r +02/2)(T —t) B
T and do =dy —oVT —1t

where d; =



Copeland, Weston, Shastri: Financial Theory and Corporate Policy

Chapter 2
(22) Revt + mtSt = Dz'vt + (W&S)t + It
(25) N.[t = Revt - (W&S)t - dept

NI, — AA,
@D =2 iy
t=1 s

(2.13)  FCF = EBIT(1 — 7.) + Adep — AI

Chapter 6
(6.34)  Rjr = E(Rjt) + B0mt + €t
(6.36) Rjt — Rpt = (Ryt — Rpt) B + €t
(6.36) Ry =7 +75 +ep
(6.37) Ry = a; + Bi Ryt + €t
(6.38)  E(R;) = E(Rz) + [E(Rn) — E(Rz)] B
(6.40) E(R;) — Ry = b; [E(R») — Rf] + s;E(SMB) + h; E(HML)
(6.41) A = E(Rn) — E(Rz)
(6.46) Rit = ot + V1Bt + €t
(6.49) E(R;)) = E(R.1) + [E(R;) — E(R.1)] Bi1
(6.50) Ry = E(R;) +bunFy+ ...+ byFr + &
(6.57)  E(R;) = Ao+ Mbs + ... + Abix
(6.59)  E(R;) — Ry = [61 — Ry] b + ...+ [0 — Ry] by
(6.60) by, = Cov(R;, )/ Var(dx)
Chapter 9

(9.1) C(Sa, Sp,T) = SaN(d1) — SpN(dz)

where di = [In (Sa/Sg) + V*T }/Vﬁ; dy =dy —VVT
and V? =V} —2paVaVp + V3

Chapter 10

(10.1) ) = Zq maXZp elm)U V(o)

m



(10.4) p(r—ca) + (1 =p)(dr —cz) =p(r/d—c1) + (1 =p)(r—c)
Pji1 — Py _ E(Pjialn) — P

10.7)  Fair Game: ;44 = =0
( ) air Game: €441 P, P,
E(P; — P
(10.9a) Submartingale: ( J’H;lm) It — E(rjis1|m) >0
it
E(P; — P
(10.90) Martingale: (Biesalm) 2t — E(rjisalm) =0

P

gt

(10.14)  E(Rje|Bye) = Ryt + | E(Rui|Bnt) — Rye| Byt

Chapter 11
(11.2)  Rj; = a; + Bij(Rmi — Rys) + Boj(RLE;, — RSE,) + (B3;(HBTM; — LBTM,) + ¢,
(11.3) ANI; = a+bjAm, + ¢,
(11.4) ANTI; 441 = a+ bjAmei,

Chapter 12

1
(1+7)

(12.3) Wo=X+0Vu+Y —-(1-a)V(x)
(124)  Wi=alp+c—pua)+ A +B[M — 1 +r)\Viul+ 1 +r) Wy — X) + p(e) — A

(12.1)  V(a) = (1) = Al

(12.5) o <U <W1>> —E [U' (Wl) (+5— (@) + A+ (1 —a)ua)| =0

Oa
(12.6) - ([ggW1>) =b [U’ <W1> (M— (1+ T’)VM)] =0  where = g—g

E [U’ (WQ EF+ A)}

£ v ()]

(12.7) (1—a)pte =—

(12.15)  B(D)=- i . [vw) fp—rD— B/X (X — D)f(X)dX]
(1216)  B(D)= i - [V(D) 4 % _D— ﬁg—t}
(1217) V(D) =1, + 52*

(1218)  V[D*(t)] = - E — o D(t) — 6[D*2(tt)]2]



(12.20)  VID*(t)] = (1, + BA)D *( )

1+7~ 1+r \/ B(1+ 2r)

1+2r + 1+27" 1—1—7"

(12.21) A=— {%} {

(12.22) ]+D:C+Npe_C+P

P+7,D—L
P4+7nD+1-C

oP\ L+I1-C
(1225) 7 = (Tp+a_D) P+rD+1-C

(12.24) max <L —7,D + [

(1226)  D(X) = ~max(I — C + L,0)ln X

P/
P+ FE
(12.36)  W°2) = aP(z) + BP — T(m, P)
(12.37) W*(n, z) = aP(n, z) + BP — T(n,p)

~ to

(12.38) W, =aP, —

(12.30) Vo = (E+S+a+b)

=0

prt
(12.40) P(n,z) = k[n+c(2)]Y" where k= (tyy/a)""
(12.41) M(n,z) = ﬁ(n, z) —T(n,P) = k(1 —t)[n + c(2)]Y7 — tonk* ™ [n + ¢(2)] 4=/
(1245) Vo= (1-1)X,
Xoso + l//:n(n)sm
So+ Sm
(1247)  Vi(n) =X(n) = T(n) — C

— Xoso + }/}msm +YFTs
12.50 W(T,Y)=
(12.50) (1Y) 50+ Sm + FTs

XOSO + }/}msm + <X0z21—§m5m> FTS

S0+ Sm + FT's

(12.54) (j—g) V(n) — B(n, DY] — a(D) (g—g) ~0

(12.55) (%) [V(n) — B(n, D)] — 2 (do‘) (gg) a(D) (%) <0

(1256)  a(D"(n)[V(n) = B(n,D*(n)] - [V(n) — 1] = 0
|:d204 da 0B 0°B } dD da (83 dV) ( 0°B )

(12.46)  E(X|n) = X(n) =

—E [Xt(X/n)]T, ?m,?] —C

(1251)  E[Va(T)|Y;] = —T-C

(12.57)

VB 2595 ~Yom on " an ) T\ anap

dn

(12.58)  &(a,D) = [(a Do)+ D O‘}



(12.59)
(12.60)
(12.61)
(12.63)
(12.65)

(12.68)

(12.70)

(12.73)

(12.74)

(12.75)

(12.81)

(12.82)

(12.83)

(12.86)

(12.90)

(12.94)

E:Xl[ a(e —7)

u—mu—aA

c(s,p),a

max//Us—csp (s,pla)dsdp

// f(s,pla)ds dp — G(a) > V

U'ls — c(s,p)]

ZEer

masx U(K) + A [ / / Vie(s, p)|f (s, pla)ds dp — G(a) — K]

m?X/Us—c

a)ds + A

[Vt - 6 - V]

ﬂ{/vwﬂnmww—d@]

Uls ey,

(s]a)

Vie@s)] f(sla)

mg)x// s — c(s,p)] f(s,pla dsdp+/\[// (s, )] (s, pla) ds dp — Gla) —
tu | [ [Vietslitssplo) dsdo - o)

U'[s —c(s,p)] _ fa(s,pla)

V(s ) £(s.pla)

Uls—c®)] . fu®la)  fu(pla) fur (pla)

Vel T el T el T T (o)
max Es,p,m [U [S - 0(57 b, m)] |a(m)]

c(s,p,m),a(m),m(m)

Subject to (for all m) FE,pm [[V[c(s, p,m)] — Gla(m)]]|a(m)] > V

+u (a[E(W) + o+ BE(s)] — b [Var(W) + 28Cov(W, s) 4+ 3°Var(s)| — V)

ov(X*) oP(X*) 0C(X*) 0
ox X X
o (1—=PB)E(s) —a— A1 —3)Cov(s, Ry)
1 + Tf
i (1 —=PB)E(s) —a— A1 —B)Cov(s, Ry)
a,f 1—|— T‘f
5= AaCov(s, Ry) — Cov(W,s)

2bVar(s)

BB =D{- P (

Var(s)
V +dB

D+dD’

l,T,Tf,Uv):| —|—P (%, 1,T, Tf,Jv)} = D(—Px+Py)

8



Chapter 15

E(FCF E(EBIT)(1 —
(15.2) VU:¥ or V= ( p)( e)

(15.3) NI+ ksD = (RE) _VC -~ FCC - dep) (1—7.) + kaDr.

P

E(EBIT)(1-7) | kaDr.

15.4 VE =
(15.4) p I

(156) VL = VU -+ TCB
AV, AS®  AS*+ABY  AS°

159) A7 = art—ar N
(1 — ) AE(EBIT) . AB
(15.11) N >p(1-75
AB

(1520) G = VL - VU = TCB
E(EBIT)(1 — 7.)(1 — 7ps)

15.21) V=
(15.21) U ;

(15.23)  Vp=Vy+ [1 _4 _(f‘i(i ;)Tps)] B where B = kqD(1 — 7,5) /ks

(15.28)  fp = [1 + (1 - rc)g} Bu

(15.33)  RpS* 4+ (1 — 7.)Cov(EBIT, R,,) — A*(1 — 7.) B [Cov(Ry;, Ryy,)]
=E(EBIT)(1 — 1.) — E(Ry))B(1 — 7.)
oS 08 1 08

_ 0o g0 1070 509

(15.38) dS = aVdV-I— T dt + 228‘/20 Vedt
oSV

15.4 -7

(15.40) T 8VSTV

(15.43) S =VN(dy) — e """ DN(dy)
1

15.46 =
U400 s = T vy N ) v )
Vv Vv
(15.47/8) ks =Ry + (R, — Rf)N(dl)EﬁV =R+ N(d1)(R, — Rf)g
Vv
(15.52)  ky =By +(p = By)N(=di) 5
Note: This is a correction to the formula in the reading.
av
(15.55) v = p(V, t)dt + odW



1
(15.57) 5aQVQFW(V) +rVF(V)=rF(V)+C =0

(1558)  F(V)= Ay + AV + AV ~/%)
(15.59) V=Vg=BV)=(1-a)Vp V—-o00=B(V)—-C/r

(15.61)  B(V) = (1 - pp)C/r +psl(1 - a)Vg] where pg = (V/V5) /"
(15.62) V=Vz=DCV)=aVs V —oo= DCO(V)—0

(15.63)  DC(V) = aVi (V/Vg) 2/

(15.67)  Vi(V) = Vu(V) + T.B(V) — DC(V) = Vy(V) + T.B — psT.B — aVips

Vi itVy > D

(15.68) M:u+m%%+%{m_c P

Wl +r)Pe + 1V, if D* <D< W,
1569 Ma == 1+4r ]
( ) { Yo(L+7)s +nVie i D< D
(15.70) M, = Wl +r)s+mn(Viy—C) D <D< W,
' ' Yo(1+ 7)1 + 71 Vi if D < D*

Chapter 16

_ Divg(t + 1) +ny(t)Pi(t + 1)
B 1+ ky(t+1)

(16.2)  Vi(t)

(16.9)  Ya = |(EBIT =rD.) (1= 7) = rDy| (1= 7,)

~ —_—

(16.10) Yy = (EBIT —rD.)(1 — 7.)(1 — 7g;) — rDpi(1 — 730)

v v

16.26 S — E(S)) = 14+ ——| = |EBIT\ — Eo(EBITY)| |1+ ——
1620) 8- B =< |1+ 1] = mim - mepm 1411
(1627) ADivit =a; + Ci(DZ.U:t - Divi’t_1> + Uit
(1633) ADY:Ut = ﬁlDl.Ut_l + ﬂQNIt + ﬁSNIt—l + Zt
(1635) Pit =a++ bDiUit + CREit + Eit
(1633) B =0+ |En = 0| B+ 71 [DY; = DYy] /DY + 5

AW PE - PO PT — PO

16.43 =(1—-F F

10430 o, = P>( ) )+P 7

10



Hull: Options Futures and Other Derivatives

Chapter 11: Binomial Trees

fu—fa

11.1 A=
( ) SQU — Sod

erAt_d
u—d

(11.5/6) f=e A pfu+ (1 —p)fd where p =

(11.13/14)  u=¢"VA =0V

Chapter 12: Wiener Processes and 1to6s Lemma

(12.17) G=InS dG = (p—0°/2)dt + o dz

Chapter 13: The Black-Scholes-Merton model

f OF L 19T 2¢e of
(13.9) df = (85 S—i— —|— oS dt+aSUSdz

of of 2 2 0°f
(13.16) S+ 585+ S5

Chapter 17: Greek Letters

(17.)  Afcall) = N(d;)  A(put) = N(dy) — 1

. —S(]N/(d1>0' . e_rT
(17.2) O(call) = T Ke™ "™ N(dy)
_ —SoN'(dy)o K eTN(—
(17.2) O(put) = TouT +7rKe " N(—dy)
N'(dy)

(17.) [(call) = I'(put) =

S() O'\/T
(17.4) ©+rSA+ %JZSQF =rll

(17.)  V(call) = V(put) = SovVTN'(dy)
(17.)  rho(call) = KTe "™ N(dy)

(17.) rho(put) = —KTe "™ N(—dy)

Chapter 19: Basic Numerical Procedures

fl,l - fl,O

19. A=
(98) S(]U—Sod

11



(19 9) I — (f2,2 - f2,1)/(50u2 _ SO) — (f2’1 — f270)/(50 _ Sng)
' h
~ Ja1— Jopo
(19.10) 0 = oA
ef)—g)At _ g
(19.12) p= —

(1927) ajf,;,j_l + bjfz‘,j + iji,j+1 = fi+1,j

1 1
where a; = 5(7‘ —q)jAt — §a2j2At, b; =1+ o?j2At + rAt

1 1
and ¢; = —5(7" —q)jAt — §U2j2At

(19.34) fig = aj fiv1 -1+ 0] fiyr+ ¢ fiv1 i
1

1 1 1
h * = ——(r —q)jAt + =02j2At = 1 —o%2At
where a; 1+rAt( 2(7” q)J +2<7] )a i 1+rAt( 0 )

1 1 1
d ¢ = —(r—q)jAt + =2 At
e RN (2“ 9)jAt+ 277 )

(19.35)  ajfija + Bifig +vifije = firg

At o? At At
Whereaj:m r=4= 5| = 5x° ﬂj:1+AZ2

—A 2 A
and v; = t(r—q—a—)— b5

o + rAt

oNZ 2 )~ 2Az2’
(19.36) & firrj-1+ B fivrg + 7 fivrjrr = fiy

here of — 1 At __02+At 5
R A v YN/ G N

L At
and B = 1A (1_AZ2U)

O 1 At o? n At
MY T T A laaz \" 9T 5 ) Toae?

Chapter 21: Estimating Volatilities and Correlations
(21.7)  oZ=MXoo_ 4+ (1—Nui_,
(21.8) o2 =4V, +aul_, + Bo>_,
(21.12) {— In(v;) — u_f}

(21.13)  Efo.] =Vi+ (a+ ) (o2 — V1)



Chapter 24: Exotic Options
Call on a call

SQ€7qT2M <CL1, bl, \/ Tl/TQ) — ngirTzM <CL2, bz, \/ Tl/TQ) — €7TT1K1N(CL2)

* - 2
where a; = In(Sp/S*) + (T\/TQ+ o°/2)Th
o 1

In(Sy/ K. —q+0%/2)T,
by = 250/ ”iﬁ&ﬂ*”/)Z by = by — 0/ T
2

gy — a1 — O T1

Put on a call

Call on a put
Put on a put
Soe 1 M (al, —by; —M) — Koe "M (“2’ —b2 _\/m) e RN o2)

Chooser
max(e, ) = ¢+ e 9T ma (0, K001 _g,)

Barrier Options

r—q+0°/2 ~ In[H?/(SoK)]
A= = Yy = T + AoV T
In(Sy/H) In(H/Sy)
= NV U AoVT oy = — LY AT
T ey Y e
ItH<K

ar = Soe ™ (H/S0)P N(y) — Ke ™" T(H/So)? 2N (y = ov'T)
It H > K

ao = SoN(w1)e 0" — Ke TN (01— ov/T)

—Soe™ " (H/S)) N (y) + Ke™™ (/o) N (1 — ov/T)
If H > K

Cui = SoN(z1)e™ " — Ke™™'N (xl — U\/T)
—Soe™ " (H/S0)** [IN(=y) — N(=y1)]
+Ke T (H/Sp) 2 [N (—y + a\/T) — N (—y1 - o\/T)]

13



IfH>K
pui = —Soe T (H/So) N (—y) + Ke™ (H/Sy)** 2N (—y + aﬁ>
IfH<K

Puo= —SoN(—z1)e T + Ke "IN <—x1 + Jﬁ)
+smrﬂxﬂyag%Am—yg-Kk—ﬂxﬂyaﬁ%—%v(_%,+a¢7>

ItH<K

Pai = —&mm—zgeﬁﬁ+AkﬂTN(_x1+av7j+n%eﬂTgU&@%UV@>_Awmn
—Ke ™ (H/Sp)**2 [N (y - O'\/T) —N <y1 - Jﬁ)]

Lookback Options

o? o?
cr = Soe_qTN(al)—Soe_qT N(—al)—Smine_rT <N(a2) — eYlN(—ag))
! 2(r —q) 2(r —q)
Where a, = ln(SO/Smin)o-‘t/(rqu+o'2/2)T as = a; — O—ﬁ

. — 1050/ Smin)+(—r+a+0?/2)T

3 — o\/T

le _ 2(T—q—o‘2/2)21n(50/5'mm)

T § Y: T § T

= Shax€ | N(by) — 2N(—=b Spe 7 N(=by)—Spe " N(b

i1 = ST (N (b = 5N (b)) e 5 TN ) S TN )

where b = 1n(Smax/So):\(/_Tr+q+02/2)T

by ="b —oVT
b3 — ln(smax/50)+(r—q—02/2)T

2 2 Cr\/lf
Y, = 2r=a=c /?Zn(SmaX/So)
Exchange Options
(24.3)  Voe T N(dy) — Upe ™I N(dy)

_ "2
where dy = IH(VO/UO) hi (AQZi/T o /2)T
o

and o= \/0[21 + 0% — 2poyoy

dy = dy — 6VT

Chapter 26: More on Models and Numerical Procedures

d
(26.2, 3) -gzw—@ﬁ+ﬁM@cW:MW—Wﬁ+W%W

14



Chapter 27: Martingales and Measures

(27.4) II=(02f2) f1 = (01f1) fo
(275) All = (/L10'2f1f2 — ,LLQO'lflfQ) At
(27.7) % = pdt + odz

27.8) HETT o

o

(27.13) p—r= Z \i0;
i=1

(27.14)  d (g) = (07 — 0,) gdz

(27200  fo= PO.T)Er(fr)
P(t,To) — P(t, Ty)
A(t)
fr ]
A(T)
(27.26) c¢= P(0,T)Er [max(Sr — K,0)]

(27.31)  fo=UyEy [max (? ~1, o)]

(27.23)  s(t) =

(27.25)  fo = A(0)E,4 {

T
(2732)  fo=VoN(d:) — UoN(d)
(27.35) Qy = POy Oy

Chapter 28: Interest Rate Derivatives: The Standard Market Models
(28.1) c=P(0,T)[FgN(dy) — KN(dy)]

(28.2)  p=P(0,T)[KN(—=dp) — FgN(—d1)]
In (Fg/K) + 0%T/2

dy = d; — ogVT
O‘B\/T 2 1 B

where d; =

By—1I
28.3)  Fy=

(284)  op = Dyo0,
(287, Caplet) LékP(O, tk-i—l) [FkN(dl) - RKN(dQ)]

ln(Fk/RK) + O']%tk/Q
do = dy — o/t
Uk\/ﬁ 2 1~ OgVik

(288, Floorlet) L(;kP(O, tk—i—l) [RKN(_dQ) — FkN(—dl)]

where d; =

15



(28.10)  LA[soN(dy) — s N(ds)]

Chapter 29: Convexity, Timing, and Quanto Adjustments

1 G"(yo)
20.1 E =y — 2T
(9 ) T(yT) Yo 2y00y G/(yo)
R26%7T
29.2 Er(Ry) = Ry + —2 2~
( ) T( T> 0+ 1 +ROT

(29.3)  av = pywovow
_pvrovorRy(T" = T)

T
1+R0/m

(294) ET* (VT) = ET(VT) exp

Chapter 30: Interest Rate Derivatives: Models of the Short Rate
(30.20, 21) ¢ = LP(0,s)N(h)— KP(0,T)N(h —oy,)

p = KP(0,T)N(=h+o0,) — LP(0,s)N(—h)
1 LP(0,s) o,

h = —1
o, PO, T)EK 2
o 1 — e2aT
- — 1= —a(s—T) -
OP a [ € } 2a

(3024)  Puii= Y Qmjexp[—g (om + jAz) Af]

J=—nm

Chapter 32: Swaps Revisited

2 .2
Fi O'iTiti

1+ Fim

(32.1)  Fi+

1 G//(y,) Vi Fypioy i0 it
31.2 i__'22-ti i \J) ity K12
( ) y 2% O-y,l G;(y,) 1 + FiTi
(32.3) Vi + Vipiow,ov,t;
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Hardy: Investment Guarantees
Chapter 6

St
St—1

(65) Ft+ = E—(l - m) = F(t_l)(l - m)

s¢(1 —m)t~!
So
(6.11)  C, = .pL(G—F,)" errata sheet

(6.13)  Cy=— M+ 1nq(G—F,)"

(6.9) M, = (Fy-) m, = m.Fy- errata sheet

(6.14) Cy = — pLFo_ Si(1 —m)mg + t,1|1qfcl (G — Fy— S;(1— m)t)Jr errata sheet

Chapter 8

(8.3)  Py=Ge " ®(—dy) — Sp(1 —m)T®(—dy)
log (S0 (1 —m)T/G) + (r + ¢%/2)T
(ovT)

(8.8)  H(0)= / (Ge®(—dy)) 1p] 1 dt + / (=So(1 — m)'®(—dy)) p7 %) dt
0 0

where d; = do = dy — oT

(8.9)  H(0,t3) = (Ps(t1)+ So(1—m)") x
{1+ P(ts —t1) (1 + P(ts — t2)) + (1 = m)* ™" P(t5 — t2) }

—S()(l — m)tl
where Ps<t1) = BSP(S()(l - m)tl, G,tl)
B
1 =_——
(8 5) ) So d;:ﬁ]i’

(819)  HE, = H(t) +1l¢! (G — F)*) — H(t")
(822) TC,=78 |V, — U,

Chapter 9
(9.2) 1005% Confidence Interval for a-quantile:

{1+
(LO(NafA)a Lo(NaJrA)); A=9o" (Tﬁ> Na(l - «)

1« (logG/Sy —n(p+log(1 —m))
c=i-o Vo )

(9.4)
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(9.7) Vo = (G — Fyexp (—zav/no + n(p +1log(l —m)))) e ™

. en(ptlog(1—m)+0o?/2)
(9.17) CTEL(L)=e™<G — ® (=24 — v/no)

11—«

Chapter 12

(124)  Ho = B(0,n)Eq [F, (gags(n) — 1)']

(ga65 (0,n) ]
da(
5(

(125) H() == F(]EQ

(12.7)  Hi = Fi{gaes(1)®(da (1)) t)}

log (gaes(t )) n— )/

where d;(t) = Py do(t) = di(t) —oyvn —t

Chapter 13

ws v - (p(1va (S 1)) )
{2}

(13.7)  Hy=aPe™®(d)) — (G — P(1 —a)) e ™ ®(dy)

aP o2
In G—Pi-a) + <?“ —d+ 7) n

U\/ﬁ s d2 = dl — O'\/ﬁ
(13.16)  CAR: H=P{e” +a (e ®(d) — e "®(dy))}"

where d; =

FET-108-07 and FET-165-08: Doherty; Integrated Risk Management
Chapter 13

(p.465)  V(E) =V(F)-V(D)
V(F) = Dpr + P(V(F), D)
C

(V(F), D)

(p.481)  V'(F)=S+D(1+ %)

(p.494)  VL(E) = —C +Va(F)— D+ P{V,(F), D}
=—C+Vr—D+ Pg
V(E) =Vn(F) =D+ P{Vn(F),D}
= VN —D+PN

18



Chapter 16
(16.1) T+((E+P)(1+mr)—L

(162)  E(T)=(E—P—R(I;S)) (1 + E(R)) — E(L(a)) + hC(I;S) — a
OE(T) _ —0E(L(a)) ,  ,0COIOL _

9a 9a T T 9L 90

(16.3)

FET-159-08: Babbel and Fabozzi, Investment Management for Insurers
Chapter 13

* c 27"6 (T—t)
(8)  C()= PETBX (2" (p+ v+ GT.TB)), %, 2205

* c 2reV(T—1)
—X P<t7 T)X2 |:2T (¢ + ¢)> %7 %Tw)]

FET-106-07: Ho and Lee, The Oxford Guide to Financial Modeling
Chapter 5: Interest Rate Derivatives: Interest Rate Models

(5.10) dr = a1+ bi(l —r)dt + roydZ
dl = (CLQ + bg?“ + Cgl) dt + lUQdW

(5.12) dV = M(t,r)dt + Q(t,r)dZ
M(t,r) =V, + p(t, )V, + 50(t,7)°V;,
Qt,r)=o(t,r)V,
Chapter 6: Implied Volatility Surface: Calibrating the Models
(6.10) L(k,j+1)

k i A2 )
= L(k, j) exp [( - Tt s Nimio1 Memjor — 2 > At Apj1VAZ

T+ﬁ—1 ( )
h(t
e o PT*HT) o op Ti _
(6.13) P(T*i;T) = P Tl 0" where h(t) = 1+ ot
T

FET-145-08: The Cost of Capital for Financial Firms

o0

D,
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[e.9]

* D,+E —F,,—COE=xE,_4 E,
IR > GcoE

1+COE +; 1+ COE)-

1+ COE)

t=1 t=1

t—1

236 (1+ Rp){Ao— Lo+ Fy} = Ay — Lo + (1 — kr){Ao (Ry + ma — k)

—Lo(Ry —mp+kp)} + F

(14 Ry)Fy = (1 — kr){Ao (ma — ka) + Lo (mp, — kr)} — kr Ry (Ao — Lo) + Fy

p39 (1+ Rp)Fy = Ao(1 — kr)(ma — ka) + Lo(1 — k) (mp — k) + (1 — s)Fy

—(Ry + 8)kr(Ao — Lo)
p.40 (1+ Ry)(Ag — Lo+ Fo) = Ao {1+ (1 — kp)(Rf —ma — ka)}

—Lo {1+ (1 —ky)(Ry —mp —kr)} + (1 — s)Fy — skp(Ao — Lo)
p.41 (R +s—g+s9)Fy = Ao(1 — kr)(ma — ka) + Lo(1 — kr)(myp — kr)

—(Ry + s)kr(Ao — Lo)

FET-146-08: Solvency Measurement for Property-Liability Risk-Based Capital
Applications

(4a) dL:ﬂ:k:gb |:__C:|—C(I) {__C}

where a = (k/2) — (In(1 +¢)/k) b= (ka/2)+ (In(1 + ca)/ka)
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(42) d:%:w)(;—;)_m(;_;)

(A3)  dp=k¢ (%c) e (%)

o a2 () o)
(A5)  F = S®(a)— Be ' <a . m/%)

where  q — In(S/E) + (i + 02 /2)t
= -

(A6) Dy =L®(a)— (1+c¢)LP(a—oy)
(A7) dp=®(a) — (1 +¢)P(a — k)
(A8)
(49)

o
>

D} = Ad(d') — LP(d' — 0a)
(b —ka)
1— CA

o
©

ds = ®(b) — where b = (k4/2) + (In(1 — ca)/ka)

FET-114-07: Capital Allocation in Financial Firms

pl16 NPV =(1—d)V{S*}—(C—p) - (1+m)V{s}
= p— (dV{ST}+mV{S})

V{gH) = ot

_ o(n(z)—zN(—=z
VisT} = ZeCNC)

z =C(1+nr)/o

FET-151-08: Babbel and Merrill, Real and Illusory Value Creation by Insurance
Companies

(2) V(E)=F+V(Ar)— PV(L)+ O

FET-171-10: A Comparative Analysis of U.S. Canadian and Solvency II Capital
Adequacy Requirements in Life Insurance, Sharara, Hardy and Saunders

T
p8  CCM =iw » SCR(t—1)e""!

t=1

p9 SCR= \/Z > pli, j) SCR; SCR;
i J
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Hardy, Freeland and Till, Valuation of Long-Term Equity Return Models for
Equity-Linked Guarantees

MARCH Vi§i = {g; W.p.wl.P_-;]

where Q1|81 = 1+ 0z
0,52 = ajo+a; (Yo — M1)2 + o0 (Yo — #1)2

Q2|81 = po+ Q2.0 24 2z ~ N(0,1), d.i.d.

RSDD }/t|pt = Kp, T @PtDt—l + 0p 2t
where D; 1 = min (0, D;_ 2+ Y;_1)

RSGARCH Yt‘ﬂt = Wp, —+ Opy t2t
where Uit,t = Qpot O‘pt,lgf—l + ﬂthtZ—l
& = YVi— () + (1 —pi(t))pe)
o = pit)(pi+ot,) + (1L —pi(®) (s +05,) — (PO + (1= pi(t))p2)?

AAA Model Y, = /12 + (0,/V12)z,,
where u; = A+ Boy+ CU?
logoy = vi=(1—-@_1+plogrT+ 0,2,
Ye — 1
01

_ Yt — U2
02

(4.1) rer=nr(pr=1) =

(4.2) reo = 1| (pr = 2)

(4.3) = Tpwsonri + (1= Ipwsos) ea

Smith: Investor & Management Expectations of the Return on Equity Measure
vs. Some Basic Truths of Financial Accounting

t
E,— EV,=> [(ROE, — IRR)E,_,(1+ IRR)""]

z=1
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