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Morning and afternoon exam booklets will include aformula 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 package was devel oped 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
formulain the syllabus isin 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 dightly different situations. For example, there are several versions of the Black-Scholes-Merton
option pricing formulato differentiate between instruments paying dividends, tied to an index, etc.
Candidates will be expected to recognize the correct formulato apply in a specific situation of an exam
guestion.

Candidates will note that the formula package does not indicate where the formula occursin the
syllabus, nor does it 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
formulato 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.
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Copeland, Weston, Shastri, Financial Theory and Corporate Policy
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FCF,, cap.budgeting = (aRev—-aVC -aFCC) -7, (aRev—-aVC —aFCC —adep) —al

= (aRev-aVC -aFCC)(1-17_) +7_(adep) —al =(aRev-aVC -aFCC —-adep)(1-7_) +adep—al
=EBIT(1-7,)+adep—al  earning beforeinterest and taxes

=[[Ta+ ypt)}}/“ ~1  geometric returns
_ %[z (L+7,)]-1  arithmetic returns
E(Rj) =R +[E(Rn)_ R, ]ﬂj
Ri =E(R\)+ B0 +&;
th :(Rmt - th)ﬂj + &5

Ry =70+ 7B, +6y where 7, =R, - R, R} =excessreturn on portfolio p=(R, —R;)
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R =a +AR, +&,
E(R)=E(R)+[E(R,)-E(R)]A

o, =E(R)(1-4)

E(R)-R, =h[E(R)-R, |+SE(SVB)+hE(HML)
4 =E(R,)-E(R)

R, =[[Ta+ rpt)]% -1

AR)= A/, )+ AGR)

R = Yo+ 7ubBy + &

Re = Yo + 72 IN(8128), + 7, (BOOKAL )i +2,
E(R)=E(R)+[E(R,))-E(R)]A
E(R)=E(R,)+|E(R)-E(R,)]A,

R =E(R)+b,F +...+b.F +§

where R =random rate of return on the ith asset
E(R) =the expected rate of return on the ith asset

b, = the sensitivity of theith asset’s returns to the kth factor

F, =the mean zero kth factor common to the returns of all assets
& = arandom zero mean noise term for the ith asset

R, = .” WR ZZWiE(R)+vaq1lfl+...+zwiqk|fk +Zwigi

.
I

W = % n chosen to be alarge number

> wh, =0 for each factor k

F~3p = ZW. E(R)"‘Zwil%'fl +'"+Z\N|QK 'fk
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R, =2 WE(R)

R, =2 WE(R)=0

E(R) =4 + A4y +..+ &b,
E(R)_Rf :Zlh1+"'+ﬂ'khk

E(R)-R :[gzl_Rf:'hl—i_"'—i_[é_‘k_Rf}hk

Cov(R, 5,
h, == %ar(ak)

where Cov(R,d,) = the covariance between theith asset’s returns and the linear transformation of the kth factor
Var (6,) = the variance of the linear transformation of the kth factor

S 2
In(>a% ) +V2T
C(S.. S, T)=SN(d,)-S,;N(d,)  where dlz[ AB ’ }vﬁ d,=d,-VT

V2 =V2-2p V.V, +V2
Q, =Q, —MAX|0,Q, —capacity]

V() =3 a(mMAX Y p(e[mU (a,€) -V (17,)

fn(Prs e Py 77tn—11) = f(Pyre P |77t—1)
V(n)-V(n,)=0
p(r —¢,) + (- p)(dr —,) = p(7/ —¢) + (- P)(r —¢)

_rd-dy+c-¢

2r—rd—%j

rd-)>c-gadr-Y)<c-g

T B E(pj,t+1|77t)_ Pjt

jt+r

0= Pja— E( pj,t+l|77t)
p]t p]I p]t
where p; ,,, =the actual price of security j next period

fair game ¢ =0

E(P; 1 |77t) = the predicted end-of-period price of security j given the current information structure 7,
€, ., =the difference between actual and predicted returns
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E(s 1) = E[rj i E(ert+l|77t)] =0

submartingale

E(pj,t+1|77t)_ pjt _ E(r |77 ) >0
j,t+1 [Tt

jt

E( pj,t+1|77t) — Pi;

jt

martingale

= E(rj,t+1|77t) =0

randomwalk f (fp,-eyn) = F(fypromaTacal)

=N~ E(rj,t+l LTI rj,t—n)

E[(rj 41 E(rj,t+l))(rjt - E(rjt))] = COV(rj,tw rjt) = J‘r“ I:rjt - E(rjt)][rj,t+l - E(rj,t+1)] f (rjt)drjt

E(R,

Bjt) =Ry +|:E(Rmt‘/émt)_ Rﬁ:|Bjt

E(,) =0 where ¢, =R, —E(R, |5,

E(R; ﬁjt) = the expected rate of return on the jth asset during this time period, given a prediction

of its systematic risk, ,E’jt
R, = therisk-freerate of return during this time period

E(R, ‘ /}m) = the expected market rate of return, given a prediction of its systematic risk, ﬁm

N

L., = the estimated systematic risk of the jth security based on last time period’ s information structure 7, ,
R.=a +bR, +¢;
R.=a; +B,;(R, —Ry)+ B, (RLE = RSR) + ;;(HBTM, - LBTM,) + ¢,

the change in earnings per share for thejth firm aNI, =a+ Bj am +¢&;,
where am = the change in the average EPS for all firms (other than firm j) in the market

A’\/l\\] jte1 = é+6j am,,
where 4, 6 = coefficients estimated from time-series fits of
Rjt =q; +ﬂ1j (Rn o th) +ﬂ2j (RLEI B R$[)+ﬂ3]- (HBTMt B LBTMt)+gjt
am,, = the actual change in market average EPS during the (t+1)th time period

N T
abnormal performance index API :%ZH(H &)

j=1 t=1
where N =the number of companiesin a portfolio T=12..12
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&; =abnormal performance measured by deviations from the market model

1
V(a) = m[/l(a) —/1]

where r = the risk-free rate of return
1(a) =the valuation schedule used by the market to infer the expected end-of-period value from the signal «

A =the market’ s adjustment for the risk of the project

maximizeE| U (W) ]
subjectto W, = X + pV,, +Y - (1-a)V ()
where W, = the entrepreneur’ sinitial wealth V,, =thevalue of the market portfolio
S =thefraction of the market portfolio owned by the entrepreneur
Y =the amount invested in the risk-free asset a =the fraction of the project the entrepreneur retains
VVl =the uncertain end of period wealth of the entrepreneur

W, = a(u+ &)+ M + (L+1)Y
:a[,u+§—,u(a)+/1]+ﬂ[l\7l —(1+r)VM]+(1+r)(\/\/O—X)+,u(a)—}t
where M =the gross return of the market portfolio

QEQﬂﬂleEDy@MXy+§—ﬂ&U+ﬂ+a—“”%ﬂzo
oa

FEMU ML) _ Eru (i = -
o ~E[UMDM @V, ]=0  where 4, =27

E[U'(W)(E+2)]
E[U'(W)]

A-a)u, =-

E(D) =$[V(D)+ (1-7,)D +j§(x —D) f(X)dX +j: 1+ B)(X — D) f (X)dx}

:H%[V(D)—i-,u—rpD—ﬂIxD(X —D)f(X)dX}

E(D)=ﬁ{V(D)+%—rpD—ﬂ%}

V'(D*):Tp+ﬂDT

[D'®]

V[D*(t)]%{lz—rpD*(t)—ﬂT
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D' (t) = At

V[D'(t)]=(r,+ BAD (1)

SHE R
pli+2r] | B |[1+2r r2(L+1)?

| +D=C+Np,=C+P,

maximize{(l—rp)DjL pM + Q-M X}
D Q+N

P+z,D-L }

maximizeL—rpD+ X
D P+z,D+1-C

oP L+1-C

55%P+%D+I—C)

r,=(r, +

D(X) :Timax(l -C+L,0InX

p

P[D(x)]=C+ X -1 -7,D(x)

P i P[D(X)]+7,D(x)-L

ob P I-C+L
V)4 =S+a
Ve :ﬁ(E+S+ a+b) where P'=market price of old share
+
P’
(E+S+a+b)>S+a
P'+E
P’ E E
E+b)> S+a E+b)>—(S+a
P’+E( ) P’+E( ) (E+b) P'( )

P’ =S+a+ E(Blissueand invest)
E . b
(E+Db) <E(S+a)or a>P (1+E)_S

manager’ s wage before stock split W°(2) =aP(2)+ fP-T(m,P)
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manager’ s wage with stock split announcement W?*(n, z) = al-:’(n, 2)+ pP-T(n, p)

kg t2 * . .
W, =aP, - T =0 n maximize wage

P(n2)=P=aPP*=t,
|5(n, 2)= k[n+ c(z)]% where k = (t27a)%
market value of the firm after the split announcement

=7,
/4

M (n,2) = P(n,2)-T(n,P) = k(l—tl)[n+c(z)]% —t,nk™” [n+ c(z)]l i
M (n,2) = k(1-t) -tk |n”

_M(n,z)_[k(l—tl)—tzkl’qn% ~ L% _ %_1
TM@) M(z)‘KLq(ZJ [M(2)]

where M (2) = pre-split value of thefirm, K =[ k(1—t,) —t,k"” |
Inu:InK—%{M(%}H%—l)In[M(Z)]

Vo =([1-1)X,

E(X |n) _ )Z(n) _ XOSD +Ym(n)sm
S+ Sh

Vi(n) =X (n)-T(n)-C
where T (n) =the expected total brokerage commission = E [ Xt (%) |n}

C =the cost of executing the split

Vy(n)= X(T)-T-C X(T)=E(X|T)

N(T)=T£ =FT
. X5 +Y.s +YFT -
V,(T,Y) = 0215231;5 S—E[Xt@%)‘T,Ym,YJ—C
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Xgh + ¥y, + (202 Yo P,

ENV, (MY, )= Sﬁsmjgsm -T-C

E[Y]Y, ] :% E[ T YD, | =T

\?n,](r): so+s,§+ FT,

m

Vo) I A LI
S, 25,

da oB
(G)IV(m =B(n. D)]-a(D)() =0

d’a da,, 0B 0°B
( OID2)[V(n) -B(n,D)]- 2(5)(8—[)) —a(D)( aDZ) <0
(D (M) V(n)-B(n,D’(n) |-[V(n)-1]=0
d’a da B 9°B|dD da B dV 0°B
{dDZ(V_B)_zd_Da_D_a8D2}E:d_D(%_E)+a(anaD)

é(a,D) = {(a— D,)? +D? 1_2“}
o

5 =X |: &(‘9_7/) :|
Le-a)@-¢e)y

maximize”U [s—c(s, p)] f (s, p|a) dsdp

c(s,p).a

subject to [ [V[c(s, p)] f (s, pla)dsdp-G(a) >V
mfi\éipr)r;izej‘ju [s—c(s, p)] f (s, p|a)dsdp+ 2 [”V [c(s, p)] f (s, p|a)dsdp—G(a) _\4
U'[s—c(s, p)]

-U'[s—c(s, p)]+AV'[c(s, p)]=0 or W =1

max imizeU (k)+/1U_[V[c(s, p)] f (s pla) dsdp—G(a)—y}

max mize j U[s-c(9)] f(sla)ds  subjectto j V[c(9)] f (s|la)ds—G(a) >V
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j V[c(s)] f.(s|a)ds—-G'(a) =0

mex imize [u[s-c(9)] f(s|a)ds+;t[ [VIce)] f(s|a)ds—G(a)—\1]
+,uUV [c(9)] f.(s|a)ds— G’(a)} -U'[s—c(9)] f (s|a) + AV'[c(s)] f (s|]a) + V[ c(s)] F.(s[a)

U'[s—c(s)] f.(s|a)
Ve Mt e

1 Yy _ fa(s|a)

(El)(é‘o +6,0) = A+ u i (s|a)
_ . fa(sfa),;
c(s) = 51+(5) ( f(|))

Maxi mize”U [s—c(s, p)]f (s, p|a)dsdp+/’tU_|'V [c(s, )] f (s, p|a)dsdp—G(a) —\4 +

c(s,p),a

ul [V [c(s p)] f.(s. pla)dsdp—G'(a) |

U'[s-c(s,p)] _ ‘o f.(s p|a)
V'[c(s, p)] f (s pla)

U'[s—c(P)] f.(pl)  f.(pfa) £ (pla)
—— - , 2 i
vie@] T4t Tt T T (pla)

m
s=Y ba +¢,
j=1

p, =D qa +¢ fori=1.k
j=1

C(p1 ----- pk)=ﬁ0+ZﬂiQ

maximize E [U[s—c(s, p,m)][a(m)]

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

subject to (for al m) E, [[V c(s, p,m)] —G[a(m)]]a(m)} >V
a(m) = athat maximizes E,, [V]c(s, p.m)]ja]-G(a) for eachm

m(m) =the M(m) that maximize E_,, . [V[c(s, p,M)]|a]-G(a) for each m

s,Y|m
V(X') P(X") ac(X)

= =0
oX oX oX
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5. U=PE(9)-a—A(1-p)Cov(s,R,)

1+r,

reximize ™ BIE(S) —a - A(1- f)Cov(s R, )
a.p 1+r,

subject to a[ E(W) +a + BE(S)] - b| Var W) + 28Cov(W, s) + BVar (s) | 2V

maximize & AEE) —a—AQ-F)Cov(sR,)
a.p 1+r,

1(a[E(W) +a + BE(s)]—b| Var (W) + 28Cov(W, s) + fVar (s) |-V)

1
a-— =0
H 1+r,

[aE(s) - 2b(Cov(W, s) + fVar (s))] - E(s)- fJCrZ(r)v(s, R _g

a[a + BE(s)]-bpVar(s)-V =0

f- AaCov(s,R,) Cov(W,s)
- 2bVar (s) Var(s)

[

V +dB
Bne"”:(1+rf) (){P(D D’ Trf'av)}

Bnew—B:D{ {P(\HSB AT,r, av)}P(— 1T,r, av)} D(-P, +R)

oB oP(V,D,T,r,,0,)

do, oo,
v =j:q(s)[V(s)— 1]ds
V. =j_:q(s) [V(s)-1 -D]ds

V, = Lj“ qa(s)[V(s)— 1 ]ds+ j: q(s)Dds
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V=j:q(s)[V(s)—|]ds

v - E(FéF/
v P

where V, = the present value of unlevered firm(i.e. al equity)

E(FéF) =the perpetual free cash flow after taxes
p =the discount rate of an all-equity firm of equivalent risk

_E(FCR) ., _E(EBIT)(-7)

P P

\

NI +k, D = (Rev—VC— FCC — dep)(1-7,) + k, Dz,

_E(EBIT)(1-7,) , k,Dz,

VL
p K,
g=XD
K,
V. =V, +7.B

&V, (1-1,) AE(EI?:IT)+T 2B

C

al yo, al al
AV, =aS" +4S" +aB° +aB"

AV, aS® aS" aB° aB"
=== = Ty

al al al al al

al =aS"+aB"

AV, 2% N 2S"+aB%  AS°

+1
al al al al
oSV o9
al al

(1-7.)sE(EBIT) ot ﬁ)

al

weighted average cost of capital WACC = p(1-7, #)
A
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WACC = p(1-7, g)
AV

aNI_ akD _7ea(ksD) _ . )2EBIT

al al al al

k.D
AV, :AI\%l +-7)2k %I L, 2B
N |

al yo,
AVL:ASO+ASn+ABn LB°=0
al al al
aNI 2B
—=p+(1- —k)————
ASO+ASn p ( TC)(p kb)ASO—i-ASn
B
k= p+(A-7)(p—k) =2
NS
WACC = (1-17,)k, B +k, S
B+S B+S
WACC = p(1-7, B )
r ‘B+S

G=V -\, =r,B

v E(EBIT)1-17,)1-7,,)
v P

payment to shareholders (EBIT —k,D)(1-7.)(1—7,)
payment to bondholders after personal taxes k;D(1-7 ;)
total cash payments to supplies of capital =EBIT(1-7.)(1-7,) -k, D(A—7,)1-7,)+K,D1-7 )

y _EEBTO ), kO[0-r)--r)-r)] | [ -r)a-r) ]y
P Ky (L-7,.)

where B = kD~ TP%

G= {1_ (1_ z-(:)(1_ 2-ps)i| B
1- TpB)

(1_ TpB) = (1_ Tc)(l_ Z-ps.)
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G-@-47%)p
(1_ TpB)
E(R)=R +|E(R)-R |5,
where  E(R;) = theexpected rate of returnonasset j R, =therisk-freerate

E(R,) = the expected rate of return on the market portfolio

Cov(R,R,)
pi= Var(R,)

B :[1"' (1_Tc)g:|ﬂu
E(R)j) =R "{E(Rn)_ R :Iﬂbj

(EBIT-R,B)-7,)
SL

k =

S

E(k,) =R, +4 Cov(k,,R))

COV(kS,Rn)—( o %) Cov(EBIT, R)- (¢ ST)BCO\/(RW,R“)

R, S"+4 (1-7,)Cov(EBIT,R )~ " (1-7,)B[ Cov(R; . R,) | = (EBIT)(1-,) - E(R,)B(l-z,)
VY + 4 (1-7,)Cov(EBIT,R ) = E(EBIT)(1-7,)
V =V, +7.B

V=(B-P)+S

E(r) =r, +[ EC,) -1, |
where E(r.) = the instantaneous expected rate of return on asset i

= C\(/);/r((l ' f)”) the instantaneous systematic risk of the ith asset
E(r,) = the expected instantaneous rate of return on the market portfolio

r, = the non-stochastic instantaneous annualized rate of return on the risk-free asset

ds— S gy Sq 1078

v o™V 2dt
oV ot 220V
imdS_@sadv _osdvv
@0S oV S oVV S
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SV

o =——T
S ovsY

_ Cov(rg,r,,) _ Cov(r,,r,,)
Ps = Var(r_) A= Var(r_)

_ 0SSV Cov(r,,r,) oSV

Po= NS Var(r) ~ovsh

S=VN(d,)-€e""DN(d,)
where S= the market value of equity V = the market value of the firm’s asset
r. = therisk-freerate T = the time to maturity D = theface value of debt (book value)

LnV)+r, T 1
dlzf)—ﬁ+§aﬁ d,=d,—oT

Po= N LA,

VN(d,) 1

Fs=N (d,)- De"N(d,) A= 1-(D)e " [N(d%(d |

}ﬂv

=R +(R,~RIN(@) A

k, =R, +N(d1)(R—Rf)\é

oBV
ﬂB_’&’a_VB

oB a
W:N(_dl)_l N(dl)

kb:Rf +(Rn_Rf)ﬂB
kb=Rf+(p—Rf)N(d1>VE

B S V |B V|S
kbv+ks\7=|:Rf +(p_Rf)N(_d1)E:|V+ |:Rf + N(d1)(p_Rf)§}\7

B+S

:Rf( v

)+(p—R)[N(=d)+N(d)]=R; +(p~R)[1-N(d) +N(d)] = p
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ks=p+(p—k.,)§

O\'/—V= 1V, 1)t + odW

%O-ZVZFW(\/,t)JrrVFV(V,t)—rF(V,t)+ F(V,0)+C=0
%o*z\/zFW(\/)+rVFV (V)-rF(V)+C=0

FV)= A+ AV + AV 7o
B(V) = A + AV + AV 7e?
B) =G/ +[@-aVe -G/ JOK) 77 =@ po) G + o[- Vs where p, =(; ) 77
DCV) =V (Y4 )
TBV)= A+ AV + AV /7

TB() =0=T.G)) - [T K, 7~

VL(V) =V, (V) +T.B(V) -DC(V) =V, (V) + T.B— psT.B—aV; by

M=1+r)yV,+»V, if V,>D
M =1+r)yV,+7,—-c)if V,<D
where y,,y, = positiveweights r = the one-period interest rate  V,,V, = the current and future value of the firm
D = the face value of the debt c =apenaty paid if bankruptcy occursif V <D

Vla

M. =v.A+r
a = Yol )1+r

+7V,, if D" <D<V, (tel thetruth)

V, . R .
Ma:%(lﬂ)libr +yV, if D<D (lie)
where D" =the maximum amount of debt that an unsuccessful firm can carry without going bankrupt

Vla
1+r

M, =y, (L+ 1)+, (V, —C)if D" <D<V, (li§)

M, =7o(1+r)1\:i}+ylvlb if D<D’ (tell the truth)

7o(Mia = Vi) <74C
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I (t+1) = div (t+1)+P(t+1) - P(t)
R(t)
where Kk, (t +1) = the market required rate of return during the time period t
div,(t+1) = dividends per share paid at the end of time period t
P(t +1) = price per share at the end of time period t

P (t) = price per share at the beginning of time period t

V(1) = Div(t+D)+n(t)RP(t+2)
1+k,(t+1)
where Div, (t +1) = total dollar dividend payment = n (t)div, (t +1)
V, (t) = the market value of the firm =n (t)P(t)

EBIT: (t+1)+m(t+DP(t+1) = (t+1)+ Divi (t +1)

R(t+1) = Divi(t+1)+n (t)P(t+1)

R(t+1) = D~iVi (t+1)+ni (t+l)|:~i’(t+1)—m(t+1)|:~?(t+1)
R(t+1)=EBIT (t+1)—I (t+1)+V (t+1)

Va)_Eﬂﬁa+D—ﬂa+D+ﬁa+D
e 1+k, (t+1)

¥, - | EBIT-1D)a-5)-1D, |a-7,)

where Y, = the uncertain income to the ith individual if corporate income is received as dividends

EBIT =the uncertain cash flows from operations provided by the firm
r = the borrowing rate, which is assumed to be equal for individuals and firm
D, =the corporate debt D ; = personal debt held by theith individual

7. =the corporate tax rate z,; =the personal income tax rate of the ith individual

Y, = (EBIT-rD,)(1-7,)1-7,) - 1D, (L1-7,)

where \?gl = the uncertain income to the ith individual if corporate incomeisreceived as capital gains
r,; = the capita gainsrate for the ith individual

%fzPEQT—rDJarTJ—rDm}a—%J+rDm@m—Tg)
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g9/, >1

ov,
corporate debt 8?9 =—1(l-7,)1-74)

c

oY,
personal debt —*-=-r(1-7,)
oD,

div, .
Rjt_th :5O+51ﬂjt +52|:( y P )_Rﬁ:l+gjt

jt

where o, = aconstant o, =influence of systematic risk on R
6, =influence of dividend paymenton R, 3, =the systematic risk of the jth security

d'\% =the dividend yield of the jth security £, =arandom error term R, =therisk-freerate
jt

cost of internal funds r,(1-7.)(1-7,)
where r, =the pre-tax return on investmentsin real assets
7, = corporate effective marginal tax rate 7, = personal dividend income tax rate of the ith individual

EBIT + mP+aB =1 + Div

V1=Divl+@
1+k
S—V1 BJ_ mpl DIVl—l— ik Bl mpl
§=Em1-h+5%?gﬁ
f(l
E(S)= EO(EB|T1)_EO(|1)+w: f(lww%
S =EBIT - +@=f(| Y+e — 1+ f(|1)+E1(82|81)= fly)+g—1 +M
1 1 1+ k 0 1 1 1+ k 0 3 ) e

/4 /4
-E(S)=¢|1+—— |=|EBIT,- E,(EBIT) || 1+ —
S-E(S) =417 | -[EBm-EEBm) 17,
ADivit =a +C (Divi*t - Divi,t—l) +U;
where aDiv, =the changein dividends
¢, =the speed of adjustment to the difference between atarget dividend payment and last year’'s payout
Div,, =the target dividend payout aU, =aconstant and normally distributed random error term
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PB _tg(PB - Pc) = PA _tg(PA— PC)+diV(1—t0)

arbitrage profit 7 =P, +div—-t,div+ P, +t,(F, - P,)
7 =1-t,)(P,— P, +div)

DY, =a +a,8 +a,AGE, +a,INC, +a,DTR +¢,
where DY, =dividend yield for theith individual’s portfolio
L. =the systematic risk of theith individual’s portfolio AGE, =the age of theindividual
INC, =the gross family income averaged over the |ast three years
DTR =the difference between the income and capital gain tax rates for the ith individual
& =anormally distributed random error term

aDiv, = B Div_, + BNl + BNl +Z,

where aDiv, =thechangein dividendsin periodt Div, , =the previous period’s dividends
NI, =this period's earnings NI, , =last period’s earnings
Z, =unanticipated dividend changes (the error term)

Ri=a+pBR,+é&;
where R, =thetotal return (dividends and capital gains) on the common stock of the jth firm
B; =aconstantterm R =systematicrisk ¢; =the abnormal performance of the jth security

P, =a+bDiv, +cRE, +¢,
where P, =the price per share Div, =aggregate dividends paid out
RE, = retained earnings &, =theerror term

(NLD),

NIy 8 +h, +¢

(NVD)

where (N%::)n =the earnings/ price ratio for the firm
(N%D)kt =the average earnings/price ratio of the industry

t =atimeindex &, = theerror term

E(R)=R +[E(R)-R |5,

|ii :7/0+[§m_7/0:|ﬂj +71[DYj _DYm%Y tE

m

where Iij =the rate of return on the jth portfolio
7, = anintercept term that should be equal to the risk-freerate R, according to CAPM

Financial Economic Theory and Engineering Formulae Sheet 19 May, 2008



R, =therate of return on the market portfolio 3, =the systematic risk of the jth portfolio
7, = the dividend impact coefficient
DY; =the dividend yield on the jth portfolio, measured as the sum of dividends paid during the

previous year divided by the end-of-year price
DY, =thedividend yield on the market portfolio, measured over the period of 12 months

£ = the error term

E(ﬁjt)_ th =a+ azﬂj +a3(Dth - th)
where E(ﬁjt) =the expected before tax return on the jth security
R, =the before-tax return on the risk-free asset
B; =the systematic risk of the jth security
a, =the constant term a, =the marginal effect of systematic risk
a, =the marginal effective tax difference between ordinary income and capital gains rates
DY, =thedividend yield (i.e. dividend divided by price) for the jth security

Rpt =Ao+ i [MFT + /11] + Por [S\/lB[ +ﬂ*2] + P [HMLt +ﬂ3]+2’4dp,t—l TEy

where MKT = the excess returns on the CRSP value-weighted portfolio

SVIB = the difference between average returns on small minus big equity capitalization portfolio
HML = the difference between average return on high minus low book equity to market equity portfolio

d,, , =the equally weighted yield of stocksin portfolio p minus the market dividend yield

A =therisk premium corresponding to theith risk factor
A, =the coefficient on the dividend yield measure

FeNe = RN, - PT(NO - NE)+AW

where P. =the post expiration share price N =the number of shares outstanding after repurchase
P, = the pre-announcement share price N, = the pre-announcement number of shares outstanding
P =thetender price AW =the shareholder wealth effect attributable to the tender offer

F. = 1—% fraction of shares repurchased

0

LR
N, P, P

0

PR
P.

0

)+Fe

Chew, The New Corporate Finance,
None

Hardy, Investment Guarantees

% ~ LN(wu,Vwo) = |09% ~ N(wg, wo®)
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f()=— exp{—l('og(x)_w“ )}

Xo 2rwW 2 Wo'?

m
—
&

W:| — eW;tJrWO'Z/Z

vV {h} U (ewU2 _1)

p.(N=Pr[R(O) =r]=mPr[R(0)=r|p,=1]+7,Pr[R(0)=r|p, =2]

o' (R) =RoZ +(n-R)o?

Fo 00 =PI(S, <9 = Y PH(S, < X[R, =1)p, (1)

n | _
Fs.00 =Z®{—Og§* (':j) (r)) P.(r)

r=0

fo ()=

1 ¢('°gxf“*(r)} p.(r) (from errata sheet)
0o ()X o (r)

y(t) = exp{w, 3, (t) + 1, + yn(t)}  where yn(t) =a yn(t-1)+ o,z (t)

E[y(t)] = &”E| exp(w,d, (1)) | E[exp(yn(t))]

o
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DM (t) = d, 5, (t) + (1—d,) DM (t-1)

Auo) 1 &
LT =y

Al(u,0) -1,&
———==—"(>Y,—-n
ouoo o (; H)

A(u,0) 3 & e, n
oo’ _—04;:(Yt “) +02
E_—OZI(,Lé,o-)_ _n
| Ou | o
el 1w |_,
ouoo
g| 01wo)|_2n
i oo’ | o’
S o
e "
0o &
2n
oo 8 e Y
:_—;In(zfr)+%ln(1—a2)—nlna—%{(Yl_ﬂg;(l_az)+i((\(t_(1_625_“l)zj}
InS, ~ N(ng, (oh(a,n))?) where h(a, n)—— Z(l a')?

(1-a)
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In Sn —Nu= Zl+ Z2 +..t Zn :%{zé‘i (1_ an+1—i)}
—alia

Fs () =Pr[S, < x]:ipr[% <X|R,=r]p,(r)= Zcb(%j Pa(r)

f (x|x1,..,>q1):J. f(x|6)7 (6%, x,)do

14

where f (X|6) isthe density of X given the parameter ¢

O =(a™,.. 0,070 )
L (.05 )x(¢)a(d"[s)
L (60" ) =(6")a(]a")

a=min|1

2 2 2
o, =aytay (Y, — )" + Bo,

Ft+ = Fr (1_ m) = F(t—l) (1_ m)S[i

-1

I:(t+u)* - FI $+u (13_ m)
S (1_ m)t—l
M =(F.)m=mF 2——"— eratasheet

S

Co==P(G-F)
C=—p.M+ Hﬂqf (G-F )+ note: M should have d superscript
C=—pF-S@-m'm+ t,qud (G -F,-S@-m) )+ errata sheet

C = t,mCIf (G, -F) - .pM, where n <t<n_,

C, =y (G-F )+, 0 (G-F ) -, pM,

(k_c3€ S o eery -_S§-S¢
R=(K-5) S-S, =(K-§)e’'p where p = S-S,

A:CD‘{#]«/NO((l—a)
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14 [109G/§ —n(u+log(l-m))
=10 o J

Pr[F,+V,e">G|>a
V,=(G-F'1l-a)e"
V. = (G- F,exp(-z,v/no + n(u +In(l—m))))e™

(1-B)E[X|X >V, [+ (B -a)V,

CTE, (L) = ;
—a

CTE, (L) = E[(G —F)e™

F,<(G-V,e"]

e u+log(1-m)+c2/2)

CTE, (L)=€™" {G—

D(-z, —x/ﬁa)}

-
)
CTE, (X) = o CTE,(X)

2

E[L]=e™ {G(l— &) - Fy exp(n(u +In(L— m) +%))®(A)} Where A= (InG;, —n(u+In(1-m))-nc”)

N

log(1+ it)| P = ﬂ;:y + ¢/iy (|09(1+ 1) — /u;y ) + G/iygt

Ho = B(O,n)Eq | F, (gag (M) -1 |
EE “gag‘s(o,m_lj*]
97l B(O,n)

HI = Ft {gaes (t)q)(dl(t)) _q)(dz (t))} where dl(t) =

g o

where P: single premium, « : participation rate, G: guaranteed payout, S : value of the equity index at timet

log(gag(t)) + o (n—t) /2

ot T G0=a0 -0t

Annua Ratchet

ol
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s gl 34

CAR with cap rate c: PH{Mmm{ (0{ i—1 ,OJ,CH

SAR with cap rate ¢ P{1+Zmln{ (0{ i 1 OJ,C:I}

High Water Mark: max{P[lea[

L)
glsdea)

dn PTP -rn PTP G
o~ 0[S 0 (4K "0 (d,)] where K =%(E—(l—a)]

D G] where S™ = max(S,, S, S,)

H, = aPe™®(d,)-(G-P(1-a))e "®(d,)
aP

O_2
dl: ( ao)_\/ﬁ y dzzdl_o-\/ﬁ

ool S o)

H=E,[e"(RP)]

e ol 53
ot
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2
(o2

r—d+—
ozEQ[e’r max(%—LO)} :a{e’dd)(dl)—e’rq)(dz)} whered, =—2 | d,=d,-o

(o2

H=Ple" +a(e’®(d,)-e"0(d,))}

E, {er {1+ max (0{ (S[i—l}eg —1}}] where e’ : minimum accumulation factor
-1

=E,|€e" {1+ max(oz(sl—l),eg —1)”

-5 {1+(e9 ~1)+a ma{sl[w}o}]

Jd_(1—
=egf+aBsc{K=L1“),n=1J

(24

BSC (K, n): Black-Scholes call-option price with strike K, starting stock price 1.0 and term n years

P{ae‘d (©(d)-@(d;))+(1-a)e” ((D(dz)—d)(d4))+eg"CI)(—d2)+e°"CD(d4)}n

1 o’
In +r—d+—
eg—(l—ay 2
(24
where d, = d,=d,-o
(o2
2
In 1 +r-d+—
€ —(1-a)
o
where d, = d,=d,-o

SAR with life-of-contract guarantee without cap: P {1+ Z a (i —1}}
=1

-1

H., =« {Sﬂe—d(n—t—l)q)(dl (t +1)) _K PTPe—r(n—t—l)cD (d2 (t +1))}
tcoe §,.6 Y |0 (d, (1+2)) - 0 (d, (1))

Toole and Herget, Insurance Industry Mergers and Acquisitions

r:rf +IB(rm_rf)
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where r = expected rate of return on the acquisition
r, =risk-freerate of return r_ =expected rate of return for the market as awhole

S =measure of risk of acompany (both debt and equity) relative to the market as awhole

b D
D+E D+ E(r HA (1)
where r = weighted average cost of capital WACC
® = required return on debt S = beta of acompany’ s stock
D =market value of acompany’sdebt E = market value of acompany’s equity

r=r

cost of capital, =required capital, ,* (discount rate — after tax earnings rate,)
appraisal cost of capital = NPV (cost of capital, )

NPV (distributable earning, )=Excess capital ,+NPV (after tax earnings - Insurancein RC,)

=NPV (after tax earning on the business ) + Excess capital ,+NPV (after-tax earning on capital, )-
NPV (increasein RC,)

=NPV (after tax earning on the business ) + Excess capital,,

+NPV(RC,_,*i,) = (NPV(RC,) —NPV(RC, ,))

=NPV (after tax earning on the business ) + Excess capital,,

+NPV(RC_,*i,) — ((1+d)NPV(RC, ;) —RC,- NPV(RC, ,))

=NPV (after tax earning on the busmessQ + Excess capital ,+ RC,-NPV(RC, * (d —-1i,))

=value of Inforce and Future Business + adjusted of book value —cost of required capital
where i, =after tax investment earnings rate on capital d =discount rate RC, = required capital

Total reserve = (1— }I/DLDF)* expected loss where PLDF = paid loss devel opment factor

IBNR reserve = (1— }I/?LDF)* expected loss where RLDF =reported loss development factor

Trigeorgis, Real Options

- aE()
NPV = ;(1+r) (+r)

E(r))=r+p,[E(r,)-r]
Expanded (strategic) net present value(NPV") = [ Direct( passive) NPV + strategicval ue] + flexibility value

dz, Om, N or, da’'B

dK, oK, da, dK,

Hull , Options, Futures and Other Derivatives,

Financial Economic Theory and Engineering Formulae Sheet 27 May, 2008



az=g/at

2(T) - z(0) = zN:giJZ
=)

dx = adt + bdz

dx = a(x,t)dt + b(x,t)dz

S =S¢"

%S = udt+odz

AS= uSat + o Se/at

~ ¢(ust,o/at)

2
16 (Ca, 2, 17°C
oX ot 20x

b?)dt + —bdZ
OX
dS= uSot+ oz

2
dG=(C s+ %8 106 ooty G gy
s> T2as oS

F — $r (T-t)

dF =(u—r)Fdt+oFdz

2
dG = (,u—%)dtﬂydz

InS, ~¢(|nso+[y—%2jT,aﬁJ

£(S)-Se”
var(S;) = Sfez"T[ef’zT —1]

1S,

X==In—]
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S:\/ni—li(‘* ~u)®  where u =|n[§J

dS= uSdt+ oS0z

2
df = (L s+ L 10T ey, O ooy
s " 2es 2S

2
af = (ﬁﬂ8+§+120282)ﬂ +ﬂO'SAZ
0S ot 20S 0S

2
ﬂ+r8ﬂ+£02828 f2
ot oS 2 0S

= rf
f=e"E(S )-Ke™
E(S)=5€"

f=5-Ke"
c=SN(d,)-Ke""N(d,)

In(S/K)+(r+0°/2)T
oT

p=Ke""N(-d,)-§N(-d,) where d,=

dzzln(Sb/K)+(r—02/2)T
oT

c=e"[§N(d,)eT -KN(d,)]

=dl—0ﬁ

S(t,)-D,-Ke"™™" > 5(t,)-K

c+Kem =p+Se ™
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c=5€e " N(d,)-Ke"N(d,)
p=Ke"N(-d,)-Se " N(-d,)

; In(§/K)+(r-q+o?/2)T ; In(§/K)+(r-g-c*/2)T
1™ O'\/-? 2 O'\/-?

dS=(r-q)Sdt+odz

=d,-oT

e(r—q)At -d
P= u-d

c=e" [FON (d,)-KN (dz)]
p=e"" [KN (-d,)-F,N (—dl)]
—rT

c+Ke' =p+Fe

f=e[pf,+@1-p)f,]

of 10°f
E‘FEGFZ UZFZ =I’f
H.=e"H,

— o (r-a)T
H.=e H,

He=e"""H,
N'(x) :—% ez

All=Oat +%FASZ

O+ rSA+%0282F =r[]
a=e T [N(d,) 1]

p+Se T =c+Ke"

a= e[f(t)—g(t)]At
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e[f(t)—g(t)]m _d

u-d
of 1 ,.,0°f
FadGe sT Lo = rf
(r=a) 0S 2 0S?
i: fi,j+1 flj
0S AS
i: fi,j fl j-1
0S AS
ﬂ: fi,j+1_ fi,j—l
0S 2AS

o°f  fia+ i —2f
oS 2 S

f

a fi'j_1+bj fi’j+c. f ]

] j i = where a, :%(r_Q)jAt_%O'zjzAt, bj =1+O'2j2At+I’A'[

¢ =—%(r—q)jAt—%02j2At

_ fi+1,j+l - fi+l,j—l

a
oS 2.5

52f _ fi+1,j+l+ fi+1,j—1_2fi+1,j
0S? 2 S?

fo=af, b f, +Cf

i i |+1] | i+1,j+1

where & =L(—E(r—Q)jAt+;O' j Atj b, =

2:2
-0 t
1+rat J A)

1+I’A'[<

1 1 - 1 2-2
L= —(r- t+— t
J 1+rAt(2( A Jat+507 A]

] Ijl+ﬂ] |J+7/J |J+1 f|+1,j

1 At
where o, =—=—(r - =1+——0c?+rat
A =172 ‘
—at o’ at 2
7=z A 5 7

a; fi+l,j—1+ﬂj fi+l,j +7; fi+1,j+1 = fi,j
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* 1
where «. = -qQ-——
! 1+rAt|: ZAZ( a ) }
* 1 At 2
' = 1-
'BJ 1+ I’At( aZ? o)

.1 t(r_q_a_2)+ st
T T rat| 227 2’ 2,7

1
n_—lz

m i=1
O'r? =rV, +iaiu§—i
i=1
oﬁ = iaﬁ_l +(1— /I)u,f .
:1 ﬂz/iu—lz +ﬂ,m 2

nm

2 2 2
Gn = 7VL + aun—l + ﬂo-n—l
cl=w+al  +fo’

o’ =w+ fo+ fo+al +afd,+af U+ B,

{1l ool )

Gr? -V = Of(Uf_l _VL)+ﬁ(Gr3—l _VL)

Financial Economic Theory and Engineering Formulae Sheet 32 May, 2008



[ mt] V +( a+ﬂ) (0 V)

cov,

1 m
E ; Xosi Yo
cov, =Acov, ,+(1-2) X, Yoy

cov, =w+ax, Y, ,+pcov,

e”lé{ci}
S

Se ™M (2,05 /T, ) -K,e ™M (a,,b, T, /T, ) - KN (a,

In(S,/S)+(r-q+0°/2)T,

a = O'ﬁ a,=a-0\T,
In(S,/K,)+(r-q+0?/2)T, L
= T b=b-oyT,

K& =M (,,b,i—T, /T, ) - S M (-2, b;—T,/T, ) +e KN (-, )
K& M (=2, ~b,; T, /T, ) - Se =M (—a, b T, /T, ) —e KN (-

SoequzM (al’_bl;_ /Tl/T ) K e*fTZM (32 b2 [T /T ) rTlK N
max (¢, p) = c+e ™ max (0, Ke o™ _ 51)
HSK:Cdi:Soe‘QT(H/SO)MN( ) Ke_rT(H/S,)MZ ( —O'ﬁ)

;Lzr—q+02/2

2
o

y=|n[H2:/($°K)]+zaﬁ

Cho =C—Cy4

H2K: ¢, =§N(x)e " —Ke N(x -oT) -5 (H/S)" N(y;) +Ke " (H/§)* *N(y,~ovT)

Ci =C—Cy
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_In(s/H) _In(H/s,)
o AT h== T + 0T

H>K: ¢ =§N(x)e T —Ke "N (x -ovT )-8 T (H/S) [N(-y)-N(-y,)]
+Ke T (H/S)* [ N(=y+ovT)-N(-y,+ 0T

C,=C—-¢C

H>K:p, =-§e* (H/S)" N(-y)+Ke ™ (H/§)" *N(-y+oT)
Puwo = P~ P

H<K: p,=-§N(-x)e? + Ke’rTN(—xl+o—x/f)+S)e"‘T (H/S)” N(-y,)-Ke T (H/g)"” N(—y1+a\/'IT)

Pu = P~ Py
H<K: py =-§N(-%)e " +Ke TN(-x+oVT )+ ST (H/S)" [N(y)-N(y,)]
e (/%) TN(y-0¥T)-N (- m
Peo = P~ Py

2

Cerp = S)eiqT N (al)_ SbeiqT — N (_al)_ SnineirT (N (az)_ 2(;)-_ q) e'N (_as)J

2(r-q)
_In(SOISmin)+(r—q+o-2/2)T )
8, = e a,=a,-oVT
In(S/Sy0)+(-r+a+c?/2)T
ay = T
Yl:_z(r—q—azlzz) N(S/ Suin)

e S [ M) TN (B[S TN ()5 N ()
IN(Spu/S)+(-r+q+0%/2)T
i AT

IN(S !/ S)+(r-a-0/2)T
» o7
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-1
M. =
T rar
(2(r-a)+0®JT <2 2 (r—q)T
M. — 262 S — A : 1 _ e i
(r-g+o®)(2r-29+0°)T* (r-a)T?(2(r-q)+o® r-q+o
0'2=1|n(M22}
T M,
Ve ™ N(d,)-Ue™ N(d,)
In(V, /U, )+(q, —q, +3°/2)T
g, - MY U0) +(a, — 4, +57/2) d, =d, 5T

! GNT

o= \/oﬁ +o. —2po,0,
dS=(r-q)Sdt+o0S"dz

d—SS:(r —q-Ak)dt + odz+dp

T/v-1 o—g/v

_9" "¢
#9) = VIV T (T/v)

IN§ +(r-q)T+w+6g

Vg

a)=IIn(1—0v—o-2v/2)
\

dS=(r—q)Sdt + o(t)dz
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Olgsz(r—q)dt+\ﬁdzS

dVv =a(V, -V)dt+&vadz,
dS=(r(t) —q(t))Sdt + o(S,t)Sdz

OChie /0T +Q(T)C + K[r(T) —q(T)]0C,,, /K
K?(8°Coye /0K?)

[o(K,T)] =2

OIszmdtdrs;dz

af = fat+o,faz
af,=p,fat+0,f,a2
[1=(o,f,)f,—(c,f)f,

all = (o, 1,1, — 1,0, 1, f,)at

L . T
0, O,

% = udt + odz
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f,=E(e’"f,)
fo=P(OT)E ()

N-—

Alt)=>(T..-T)P(LT.,)

i—0

S(t) =E, [S(T)]

[y

fT

A0 35

c=P(0,T)E; [max(S; —K,0)]

c=eTE; [max(S; —k,0)]

E, [max(S; ~K,0)]= E; (S,)N(d,) ~ KN(d,)

Vi
f, =U,E, {max(a LOH

fo =VoN(d,) -U,N(d,)
European call option on avariable whose valueis V

c=P(0,T)[F,N(d,) - KN(d,)]

F T F T
in(Fo)+°T,) L o)~/ 4o
2 1
o T o T
F, =vaueof F attimezero K =strike price of the option
P(t,T) =price at time t of a zero-coupon bond paying $1 at time T
o =volatility of F F =forward price of V for a contract maturing T
T =time to maturing of the option V; =valueof V attime T

where d, =

value of the corresponding put option p=P(0,T)[KN(-d,) - F;N(-d,)]

B, -1
P(0,T)
where B, =bond price at time zero
| = present value of coupons that will be paid during the life of the option

forward bond price F; =

volatility of the forward bond price o =D, o,
where o, =voldtility of the forward bond yield y, =initial valueof y. y. =forwardyield
D =modified duration of the bond underlying the option at option maturing
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c=P(0,T)E; [max(B; - K,0)]
where B, =bond priceat time T
E, =expected valuein aworld that is forward risk neutral with respect to a zero-coupon bond maturing at time T

ET(BT): FB
_LA+RS)
1+R35,

where Lil%:f‘;k) =value at time t, of a zero-coupon bond that pays off L(1+R.0,) attimet,
+ k

max{L

1 G”
E (Y1) =Y, _E ygfij G’((;/o))
0

where E; =expectationsin aworld that is forward risk neutral with respect to P(t,T)
o, =forward yield volatility

1., ,.G"(R) R(?O-FZQTT
E =R, —-= T =R+
(R)=R > Or G'(R) R 11R¢
where 7=T -T L =principal
R. =zero-coupon interest rate applicable to the period between T and T

&y = AwOyvOw
where o, =volatility of V ¢,, =volatility of W p,,, =correlation between V and W

R =forward interest rate for period between Tand T o, = volatility of R W :;*
(1+ B/rn)m(T -T)

E . (v,) = E, (v )exp| - 2euCeR@ =T

&y = PwOvOw
Ex (VT) = E'Y(VT)(1+ pO_VO-WT)

value at time t of an interest rate derivative that provides a payoff of f attime T = E [e‘m‘” f; ]

where T =the average value of r in the timeinterval between tand T
E = expected value in the traditional risk-neutral world

R(t,T) = —T—l_tln E[e™™]

dr = m(r)dt + s(r)dz dr = urdt+ ordz
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=a(b-r)dt+odz
P(t,T) = A(t, T)e ®tTr®

_ ama(T-t)
B T)=1"

(BLT)-T+0(@D-"3) &?B(LT)

a’ da

Alt, T)=exp

R(t,T)= —T—];tln A, T) +T—];t B(t,T)r(t)

= g(t)dt + odz
o(t)=F(0,t) + ot

P(t,T)=A(t,T)e "
P(0,T)

where In A(t,T) =In
p(0.t)

+(T—t)F(O,t)—%o-2t(I'—t)2
r=[0(t)-ar]dt+odz= a{ ®_ }dt-i-O'dZ

o(t) = F(0,t) +aF (0,t) + 0—2 (1-e?)
2a

1_efa(T7t)
P(t,T)= A, T)e ®*"'®  \where B(t,T)=———

P@O.T) aT _ e
o —— 4+ B(t, T)F(O, t)—?a (e —e™)* (e -1

In A, T) =In

dinr =[6(t) - a(t) In(r)] dt + o (t)dz
df (r)=[0(t) + u—af (r)]dt+o0,dz,  du=-budt+o0,dz,

price at time zero of acall option that matures at time T on a zero-coupon bond maturing at time s
LP(0,9)N(h) - KP(O,T)N(h-o,) heLn PO
P o, POT)K 2

p

M ~jaRat _
Inzj:_anm'je InP

m+1
at

Pra = z Qm,eXp[ (o, +JAR)At] where a,, =

J Ny
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df (r) = [6(t) - af (r)]dt + odz

P = Zm: Qn; &xp[-9(e, + jaX)at]

j=—np

P(t,T) = A(t,T)e B¢TR
POT) BT . POt +at) o®
P(Ot) B(tt+at) P(Ot) 4a

where InA(t,T) =1In (1-e?*)B(t,T)[B(t, T) - B(t,t +at)]

B(t,T) =0T,
’ B(t,t +at)

dP(t,T) =r(t)P(t, T)dt +v(t,T,Q,)P(t, T)dz(t)
where P(t,T) =price at time t of a zero-coupon bond with principal $1 maturing at time T
Q, =vector of past and present values of interest rates and bond prices at time t that are relevant for
determining bond price volatilities at that time
v(t,T,Q,) =volatility of p(t,T) f(t,T,T,)forward rate as seen at time t for the period between time T,and T,
F(t,T) =instantaneous forward rate as seen at time t for a contract maturing at time T
r (t) short-term risk-free interest rate at time t  dz(t) = Wiener process driving term structure movements

In[p(t, T)]-In[ p(t,T)]

(LT, T,) = e
2 1

v(t,T,,Q,)° e v(t, T, Q) -V(t,T,,Q,)

df (t,T,,T,) =
T = o, ) T-T

dz(t)

dF (&, T) = v(t, T,Q)V, (t,T,Q,)dt —v, (£, T,Q, )dz(t)

m(t,T,Qt):s(t,T,Qt)jth(t,r,Qt)dr
where m(t, T,Q,) =instantaneous drift of F(t,T) S(t,T,Q,) = standard deviation of F(t,T)

mET.Q)=Y §(tT.Q)] s tz)d

dF, (t) = & (HF(t)dz
where F, (t) =forward rate between time t, and t, ., as seen at time t
m(t) =index for the next reset date at time t, smallest integer such that t <t_(t)
& (t) =volatility of F (t)attimet  y,(t) =volatility of the zero-coupon bond price p(t,t, ) attime t

AR (%) = & ()] Vi) (1) = Vi (O ] e @)t + & (D F (t)dz
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WO -vu0 =10 Y

dR (1) _ <& RS 1) (t)
0 _i_mz(jt) 1 oF () dt + & (t)dz

th _ZAKI i-1

where Ai =the value of & (t) when there are i such accrual periods
&) =A,_,isastepfunction

dFk (t) _ F (t)AI -m(t) k m(t) dt A dZ
F@M) 4% 1+8F(t) k=m®)

SF (A, A 2
d |n Fk (t) _ z ( ) i— n|1:(t) k—m(t) _ ( k—m(t)) dt + Akfm(t)dz
iZm(t) o, F (1) 2

SR MA_ LA 1 A s
F (t F(t. - J Y+ A o
(t.0) = F( )exp{(lzj;l 3R (1) 5 )01+ My,

where ¢ isarandom sample & ~ N(0,1)

LAONES SRMY &

p
F (t) - i=m(t) 1+6.F (t) dt + qz_; ék'q (t)qu

i=j+1 1+5‘I|:|(tj)

() 171-i-1.97-j-1q -17k-j-1q
(J+1)_F(t )eXp{(Z Zq ﬂk Zq 21( )5 Zﬂleq q\/7]

7B (DG (D)7 (1)
v~ 3 SAAUSER0]

H:‘\‘:j[l+riGi (t)} Z| -0 IH,N.1+1[1+TJGJ (t)]
[T [xre0]-1 Tall), 170 0]

1% i To & Nilrkﬂk,q(t)Gk(O)yk(o) ’
/T_Ojt-OV(t)dt \/To thqZ;LZ; TG0 }dt

1n & [BM 7 B ()G, 07,(0) ]
JT_OLOZ{ 2 11,6,0 }dt

where y, (t) =
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A = Ajé‘qaj,q

ha ™
NP 22
Zqzlsqai,q

0F () =+ Y& (OF ()7 dz,

F ot
| 1+ Fr,

y —1y252t G'(y) YiriFpo,ioe it
i T2 i

" Gl(y) 1+Fr

L FVipoy oyt

%P(o,sm(d;)

2

Rasmusen, Games and Information, An Introduction to Game Theory
best response: 7,(s,S,;) > 7,(S,S,) VS #S
dominated strategy: 7, (s',s;) <7, (S,S,) Vs,
dominant strategy: 7, (s ,S;) > 7,(S,S;)Vs, VS #5
weakly dominated: 7, (s,s,)>7,(S,s,)Vs, and z (s,s,) > 7 (s,s,) for somes,
Nash equilibrium: Vi, z,(s,s,) > 7,(S5,S.) VS
purestrategy: S:@ —a
mixed strategy: s 1o — m(a) where m>0 IA m(a)da =1
completely mixed: m>0
minimax strategies: minimize, maximize, z,(s,s;)

maximin strategies: maximize, minimize; 7, (s,s;)

U(e,w(e)=U

max Lmi zeV (q(e) —W(e))
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6q_8_vv _0

V'(a(e) - W ™

oq _ ow
oe oe

_~ _( aU/e

oe 8%w

69, ,oU
(—)( )__(E)

U(e,q(e)) =U

max Lmi zeU (e, q(e)

y (—)(aq) -

@ __Y
GG ™ %

maxwi(_r)ni zeEV (q(&,6) —wW(q(&,6)))
subject to &= avg max EU (e, w(q(e, 6)))
EU (& w(q(&,0))) >U

C(&) =mi nva(r)num Ew(q(&,8))
max (iémi zeEV(q(&,0)-C(€))
U (notinvestigate) <U (investigate)

flog(w) + (1- 0)log(w,) <[ 1- (1-6)* |log(w;) + (1) log(w,) -

6(1-0) |og(%) —a

2

log(W) =[ 1 (1-6)* |log(w) + (1- 0)° log(w,) - &
W, = we'o W, = we /0

[1-(1-6)" |we’ + (- 0)*we "
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0(P)=E[0|(1+£)0<P]

FET-101-07 None
FET-102-07
F szaX(So’ST)=ZST +Zmax(0,SO—ST)

¢ -max 5,5 |- L5 +ma 0.(5,-5)

FET-105-07 None
FET-106-07

dS=uSit+oSdZ

dr = pu(r,t)rdt+rodz

Ar(t,T)J

1

o(Ar(t,T))

Jat

dr =a(b-r)dt + o/rdz

ot,T)=

dr =a(b-r)dt+odZ, (a>0)
dr=a+b(l-r)dt+ro,dZ

dl =(a, +br+cl)dt +lo,dW

dV =M (t,r)dt+Q(t,r)dz

M (t,r) =V, + u(t,r)V. +%a(t,r)2v”

Qt,r)=o(t,r)v.

dIT = (M, (t,r)— AM, (t, r))dt + (Q, (t,r) — AQ, (t,r))dZ
dIT =rIldt

V, 4+ (ut, 1) = At ot V. +%a(t,r)2V” _1V =0
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Fi)n (1) — 2{ P(n+l):| §i 5 —2r (o

P(n) |@+8")

PM(T) =2 RY@{R (T -1+ Py -]

n _ P(n) - 72n 2 —
'@ =In PN+ ) In( (02 +0 ))+( i)Ind
r"(M1=

Note: Typo in text either way will receive full credit.

dr = ('(0,t) + ot)dt + odz

_;|n[§(n)5(n—1)---5(1)]

r(n)o®(n) =

n

n P(N+D) [ @ws, .6, ,.0).06,)27 <i
R (1):{ P(n) }[ (146,..0,)-(1+5,) Jd

dr = (f (0,t) + a2 ()t + U(‘f))[r(t)— f(0,t)])dt + o(t)dzZ
P(n+1) A+3:,.0)) A+ 5 ,..5,)..1+ n+1)2 1+ 62 ,.00) A+ 68 ,.00)..(1+52,)2
P(N)  (1+6%.00)..(1+ 5% ,)(1+5%) (1+62.52)(1+ 52..52)..(1+ 62)

n=n-;

R (@)= (32)' (67)’

o (t)| cos(t)

:{f ) +|o () o] cosatt)

[r- f(t)]} dt + o (t)dw

dinr = (0(t) - ((t)) Inr)dt + o (t)dW

ot (0,1)

dr (t) = (a(t) - Ar(D)dt + odW () Where a(t) ===+ f1(0)+ ﬂ(l e

=[6(t) + u—ar]dt + o, dW du = —budt + o,dZ
dP(t,T) =r(t)P(t, T )dt+oP(t, T )P(t, T )dZ
df (1, ) =o®(t, T )ol (t, T )dt— o (t,77)dZ

dP(t, T)=r(t)P(t, T )dt+o(T —t)P(t, T)dZ(t,T")

LTy =2 -PeT)
’ A\ P, T +a)
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dL(t,T) = L(t,f)[i%/\(r* — JAA(T =t)dt+ A(T —t)dz}

Sl L3, ))A e

Lk, j+1) = L(k, j)epo i LA Akzjlijkjl\/Zz”]

i
2 2
where o7 j = El Af
i=

caplet C, = L5 P(t,.,)[FN(d) — RN(d,)]

2
d =d -
Uk\/ﬁ 2 1 O-k\/i

swaption= f;mp(t)[RFN(d) R N(d,)] = L* A[R-N(d,) - R,N(d,)]

where A=—z Pt) 1<i<mn
miz

P(k+lj)=F’(k,J)eXpKr(k) Ul k’jma(] k)fzu—k)}

o (T —t)=(a+b(T -t))exp(-c(T" —t))+d

L(K, j +1) = L(K, j)epo i _LGpA A A"ZHJA+AK]1\/K2:|

Shl+ LG, A s

T+T -1

H h(t)
prim)=PT D 5 57 where hit) - ——
P(T) ﬁlh(t) 1+ 6

FET-108-07

V(E)=V(F)-V(D)=V(F)-Dy +P(V(F),D)=C(V(F),D)
V'(F)=S+ D(1+%)

Vo(E) =-C+Vg(F)~D+P{V4(F),D} =—-C+V,-D+P,
Vy (E) =V, (F)-D+P{V,(F),D} =V, -D+P,

facevalue+ principal forgiven—default putassumingreinvestment = D — (B, — B, — NPV) - P,
=(D-PR, —B—-NPV)+ B =valueof regular debt + savinginbankruptcy cost
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FET-109-07

1
RBC = %{CG +Cpa [ (C+Cy,)* +CI+CY) +C§b}2:|

FET-112-07 None

FET-113-07
52=3 0 =3 fo?
i=1 i=1
MCaR = ko, = k\/iwfaf _ JZ Caro? - JZ DCaR?
i=1 i=1

i=1

Total CaR= \/ Zn: CaR? + Zn: Y CaRCaR p;
i=1

FET-114-07
NPV = (1-d)V{S"| - (C-u) -1+ mV {S}
=p—-(AV{s}+mv{s}

_o(n(2)+2N(2) _o(n(z2) - 2N(=2))

v{s}= vi{s|

@+r) d+r)

FET-115-08 None

FET-138-07

c=| f(w)dw

E,'—o 8

VAR=W, x oAt

FET-139-07 None
FET-141-08 None
FET-142-08 None

FET-143-08
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Haircut = size of the losses

C+LL
where XC =sum of excess capital
LL =remaining liquid / surrender-able liabilities= total amount of available assets ( AA) in excess of 200%
RBC available to meet any remaining liquidity demands

FET-144-08
leverage= senior debt + excesshybrid debt and preferred stock
ECA-+ senior debt + hybrid debt + preferred stock
Hybrid Ratiq, = stan. dard & poF)I squalifying hybrld |
= U.SGAAP(consolidated) capital +total hybrid + total senior debt
Hybrid Ratio _ standard & pool 'squalifying hybrid

FUP Group Consolidated TAC(excluding hybrid) + total hybrid + total senior debt
_ stan dard & pool 'squalifying hybrid + total senior debt + nonqualifying hybrid
U.S.GAAP(consolidated) capital + total hybrid + total senior debt
standard & pool 'squalifying hybrid
Group Consolidated TAC(excluding hybrid) + regulatory qualifying hybrid capital

Doubleleverage, ¢

Doubleleverage;,, . =

FET-145-08

(equity +franchise) * total shareholder return

=increase in net assets + increase in franchise value + dividend
=increase in franchise value + retained profit + dividend
=franchise * franchise growth rate + equity * return on equity

return on equity = total shareholder return + franchise/equity * (total shareholder return — franchise growth rate)

. ©D+E-E,-COE*E, & E & E,
BotFo= ; i+ COE)t - ; (1+ COE). ; (1+ COE)' ; (1+ COE)"

ROE, - COE

Fo= ; (1+ COE)! s

W+ R{A - L+ R} = A =L+ L=k ) {A(R +m, —k,) ~ Lo(R —m +k )} +F

where A =balance sheet assetsat timet R, =actual asset return

L, =balance sheet liabilities at time t R =actual liability return

F, =franchise value R, =risk-freerate

k, = asset-related expenses as a proportion of A, k_=liability-related expenses as a proportion of L,
k; =tax paid as a proportion of pre-tax profit m, =margin above LIBOR as asset swap

m_=margin below LIBOR as liability swap

(1+ Rf)Fo :(l_kT){Ab(mA_kA)+ Lo(ml_ _kL)}_kTRf (A)_Lo)+ Fl
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1+ R )F, = ALk )M, —k,) + Ly@—k )(m —k) + @~ 9F, — (R, +9)k; (A~ Ly)
1+ RO)(A — Lo+ F) = A {1+ A=k )(Ry =m, —K,)} = Lo {1+ (A= k; )R, —my +k )} + (1-5)F, — sk (A, - L)

(R +5-g+s9)F, = A1-k;)(M, —k,) + Li(1-k )(M =k ) = (R; +9)k: (A~ L)

FET-146-08

D, = Z p(X)(x— A) where p(x) = probability density for losses (0< x <)

x>A

D, = Z a(y)(L-y) whereq(y) = probability density for losses (0< y <)

D, = (x—A)p(x)dx

D, =, (L-y)a(y)dy

Dy _ s =€ o[ ¢
o= 2=kl 3¢ ool

D 1 c —C
d=—A=-—"|k.¢g(—=)-cCc,D(—2
p= 1_CA[A¢(kA) A(kA)}
where k. =thecv of losses  k, =thecv of assets ¢, =capital / assetsratio

®(x) =the cumulative standard normal distribution ¢(x) =the standard normal density function

d, = ®(a) - (L+c)d(a—k)

d(b-k,)
1-c,

where a = (%) _(Ind+c) o) b= (k%”(ln(l— Ca) )

@ (x) =the cumulative normal distribution

d, = d(b) -

one-period expected policy-holder deficit ratio
d, =" ~zp(2)dz where p(2)=the density of &

C, =the amount of capital at the end of one period

¢ = % the amount of capital relative to the original expected loss
0

G =c(l+ p) +[1+c(L+ p)]F + pcb— g
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where F and § are random variables denoting the annual return on assets and annual rate of change in value
of theliabilities

b =incurred loss ratio

%
{Zc +Z,0IJ } total capital

i#]

D= a¢(}) - ﬂq)(%)

D —C —C
d = = kgl -02)
d, = k¢(‘—°) - c<1>(‘—°)

=== C[m( - e A)}

F = S®(a)— Ee "®(a-owt)

IN(SE) +(i+ G%n

where a= T S=stock price E =exercise price

D, =Ld(a)-(A+c)Ld(a-0o|)
d, =®(a)-1+c)d(a-k)

D! = AD(d) - Ld(a - o,)

d, =®(b) —%_EA) where b= (k%) + (In(l— Ca) kA)
FET-147-08 None
FET-148-08 None
FET-149-08 None
FET-150-08 None

FET-151-08

default put option V(E) =F +V (A )-PV(L)+O
where V() = market value PV () =the present value E =owner'sequity A=theassets L =liabilities
F =thefranchisevalue A, =tangibleassets O =the default put option

FET-152-08 None
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FET-153-08 None
FET-154-08 None
FET-155-08

J‘w wf (w)dw _ CTE(p)

$1-D(&)
FET-156-08 None

FET-157-08
Eri =T +ﬂi(ErM _rF)

FET-158-08

1 1 1
D(t,T)= ST~ G T-OX(TD) E[ eﬂsds]

r. =r,+g(s—t)+¢(s—t)x(s—t)

1 1 1
D(t’T) = eS(t,T)x(T—’[) =E T = E[eJTr;dS]

FET-159-08
. , )
dr = (kH—(k+/1)r)dt+ax/Fdw where W (t) = w(t) +I— r(s)ds
0 O

p(t,TB) _
B(t)

£ { B('T'B)} o(t.TB)= E [exp(— LTBr(s)ds)}

p(t,TB) = A(t, TB) exp(-r (t)G(t, TB))

2c
TB-t o2
2y eXp[(b+ 7)2}

AT = D ew( (TB—0) D+ 2

_ 2(exp(y(TB-1)) -1 _ _ Y2,z
G(t'TB)_(y+b)(exp(7(I'B—t))—1)+2y where b=k+ A1 c=ké y_jb + 20

4c 2¢°re/ Y
o® ' (p+y +G(T,TB))
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\ 4c 2p%re™Y
Xp(t,T)z{Zr (p+v),—, d }
o° (p+y)

dr = (@(t) —a(®)r)dt+ot)dw™  ¢(t) = 0(t) + a(t)b—A(t)o(t)

B(t) B(7)

P(L.TB)=E" | exp(-[ " r(s)c)|

~0°G(0t)
) ~—75060 -
vz

o) =-a(y F OO -EEQ0  BO0

o(7)
{ae(o,r% } dr
T
C(t) = P(t, TB)N(h) - XP(t, T)N(h—5,)

where h = (%) ; (Gi) In{ (;gg_?)))}

o2 =[G(0,TB)-G(0,T)|’ ﬂ&} dr

0G(0,7)/or
2req 003 |
A1) =
(7 +b)(exp(yt) -1 +2y

__ 2(exp(t)-1) _ _ _> 2 52
G(O’t)_(y+b)(exp(yt)—1)+2y where b=k+1 c=kfé y=)b"+20

_ e M(@M) | e (7 B

Pmax(P(0,TB),M (0),0,T) = E {—B(TJ POTE) = E'| M(T)(ew(-, r(9)ds) |- PO.TE)

=1, + (KO- (k+ )t ~t) +oyfr it —t)é

PMAX (P(0,TE),M (0),0.T) = <{§z M, (T) exp{—i GG —til)}} ~POTB)
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PMAX (P(0,TB), M (0),0,T) = E” ['\E/'g(—frﬂ ~POTB)= E"|MT)(ep(-[, 1(9ds)|-POTE)

o=r_ +@t)—alt. ) )t -t,)+ Gm\/ti —t..¢

FET-160-08 None
FET-161-08 None
FET-162-08 None
FET-163-08

PV of assetsin place+ PV of newinvestment
number of original shares-+ number of newshares

share value of taking the project =

PV of assetsin place

share value of not taking the project = —
number of original shares

valueof original assets+ NPV of new project
number of shares

share value : financing project with riskless debt =

FET-164-08

Risk — weighted amount = ) Assets* WA+ Y credit equivalent * WCE where WA =

risk capital weighted by asset categories
WCE =weighted by credit equivalents by type of counter party

FET-165-08
T=(E+P)@Q+r)-L

E(T)=(E+P-R(I,9)@+E(r,)) - E(L(a) + hC(l,S)-a

OE(T) _ —0E(L@) , ,éCal oL _
oa oa ol oL oa

T = {E+D} (L+E(r)) - E(L(a)) - D(l+r)+hC(I,S)-a

OE(T) __ OE(L(a)) 1+ h@ﬂ@ =0
oa da ol oL oa

Recommended Approach for Setting Regulatory Risk-Based Capital Requirements for Variable Annuities
and Similar Products,
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None

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

SR e ——

x=1

where E, =equity attime t EV, =embedded value at time t, using discount rate IRR
IRR=pricing interna rate of return after target surplus

ROE, =return on equity at time X =earningsin period %E
X-1

Bodoff, Capital Allocation by Percentile Layer
percentile layer of capital («,a + ) =required capital at percentile (« + j) — required capital at percentile («)

layer of capital (a,a+b)=capital equal to amount (a+ b)—capital equal to amount (a)
k= |

VaR(x) =total required capital = > [x(a + j) - X(a)]
a=0

X(ex) =loss amount at percentile « | =selected percentile increment

(X ) i |
Jy A—F(y))dx where x=lossamount y =the capita

y=VaR(99%) x=w

J f(X%—F(y)c'xo'y

y=0 x=y

T
I Ya-ron®

y=VaR(99%)
£(X)
a-F(y)V

Xx=0 y=min(x,VaR(99%))
f(x)

(1 F (y)) DX

x=X(0%) y=0

Allocated capital to loss event x AC(X) = ij f (%_ F(y) dy

AC(X) = () j %14: ()W

y=VaR(99%)

ACO=109 [ Ja-rp®

Financial Economic Theory and Engineering Formulae Sheet 54 May, 2008



d d d
d{AC(X)} =1 )

dx{ '] Ya-ro dy}

s .
f (%_ F(X)) + y-[o%l_ F(y)) dyf l(X)

rf (x) ij %1_ F(y)) dy r =required rate of return on capital
" Haro®
<] Ha-ron®

x[1+ r( %() y{o %1_ F(y) dy}

premium net of expenses = expected loss + cost of capital

P=E[L]+r* (allocated capital — contributed capital)
where P =premium net of expenses E[L] =expected loss r = required rate of return on capital

p_ E[L]+%1+r)* (allocated capital —E[L])

PO =09+, { f (x)ijj)%l_ F oy W (x)}
P(X) = f(x){x+%+r[if:%1 F(y)) dy—x}}
X*%m)m:%l— F(y) dy_x}

P(X) = xf (X) {1+ %1+ r)[(%()Z:}(l— F(y)) dy—l}}
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ey Ja-rip®-2

y=x
AC(X) = (Y exn(-%7) [ exp(¥,)dy
y=0
AC(x) =1-exp(- X))
d — _
Yexactg) = Jp w5
1+1(3)0(exp(¥,) -1
Hardy, Freeland and Till, Valuation of Long-Term Equity Return Models for Equity-Linked Guarantees
Y,|F_, = u+0,z where z, ~ N(0,1),Vt
Utz =0, to (Yt—l - ,u)z + ﬂo-tz—l
Y|F.=Qwpg =Qw.p.(1-q)
where Q, | Fa=m+0,7 Utz =0yt oy, (Yt—l - ﬂl)z ta, (thz - /ul)z

Q, |Ft—l =M, T 0,07
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