Financial Economic Theory and Engineering Formula Sheet

2011

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) = I0127T eXp{—%Ln(I;z_ M)z}
E[X] = et/ V[X] = e+’ <602 - 1)
Pr[ng;]zeb(W) x>0

Normal distribution:

fl@) = ——exp {—W ‘2“)2}

o\ 21 2 o

Capital Asset Pricing Model:

Cov(R;, R)

B[R] = Ry + G (E[Rm] — Ry)  where ;= Var|R,,]

Weighted Average Cost of Capital:

B Tk S
B+S “FB+S

WACC = (1 - Tc)kb
where ky,=return on debt, k; =return in equity.

GARCH(1,1) Model

Yi=p+oe o7 =ao+a(Yioy —p)’+ Bo;,

RSLN-2 Model

Yilpe ~ N (,upt, ait) where {p:},t=1,2,..., is a Markov process with 2-states.

pij = Pr(pey1 = jlp: = 1]

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

CTE.(L) = E[L|L > Vi(L)]
If there is a probability mass at V,,, define ' = max{5 : V,, = V3}, then

(1= EXX > Vo] + (8 = a)Va

CTE,(L) = T




Vasicek Model

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

B(t,T) = 1—%(”) A(t’T):eXp[(B(t’T)_TZ?(a%_Uzm)‘UQBYG’T)Q}

Cox Ingersoll Ross Model

dr = a(b—r)dt+o\/rdz P(t,T) = A(t, T)e_B(t’T)T(t)
2(e7T=t — 1) Iyela+N(T—1)/2 rab/az

B(t,T) = G+ a)(@T 0 —1)+2, A, T) = [(7 +a)(erT=) — 1) + 2y

Ho-Lee Model

dr = Ot)dt+odz  0(t) = F,(0,t) + ot
P(t,T) = A(t,T)e "I
P(0,T)
P(0,1t)

mA®LT) = In (T = )F(0,4) — %O—%(T 2

Hull-White (Extended Vasicek) Model

dr = (0(t) —ar)dt + odz 0(t) = Fi(0,t) + aF(0,t) + g—; (1—e2")

P, T) = A(t,T)e B&Dr®

1— —a(T—t)
B(t,T) = —%
a
P(O,T) 1 —aT —at\ 2 a
1mwjj=1nHQO+BmﬂF@w—@y%e —e )" (e’ — 1)

Itd’s Lemma
Let X be an It6 process such that dX; = u(t, X;) dt + v(t, X;) dWs,

and let ¢g(t,z) denote a twice differentiable function, then for Y; = g(¢, X})

ag(ta Xt) ag(ta Xt) 1 azg(ta Xt) 2
Y, = X, + ——2 "2 (dX,)".
Vi = =5 dt+ =5 — it 5 (4X)
Geometric Brownian Motion
S _ it +odz
St

Black-Scholes Pricing Formulas

Ct = StN(dl) — K€_T(T_t)N(d2)



p = Ke " TON(=dy) — S,N(—d)

In(S/K) + (r+*/2(T —t) —d—oVT =1
. T_t a. d dz—dl T 13

where d; =



Copeland, Weston, Shastri: Financial Theory and Corporate Policy

Chapter 2
(22) R6’Ut + mtSt = D’i’Ut + (W&S)t + It

(25) NIt = R€'Ut — (W&S)t - d€pt

e ¢}

Z NIt - AAt
t=1 (1+ k)"

(2.13)  FCF = EBIT(1—7.) + Adep — Al

27) Sy =

Chapter 6
(6.34)  Rj; = E(Rj) + B0mt + €t
(6.36) Ry — Ry = (R — Ryt) 5 + €5t
(6.36) Ry = + 70 +ept
(6.37) Ryt = oy + BiRpt + €t
(6.38)  E(Ri) = E(Rz) + [E(Rn) — E(Rz)] B;
(6.40)  E(R;) — Ry = b;[E(Ry) — Ry) 4 s:E(SMB) + h; E(HML)
(6.41) A, = E(Rn) — E(Ry)
(6.46) Ry = For + Y1:Bit + €t
(6.49)  E(Ri) = E(R.) + [E(Rr) — E(R=1)] Bis
(6.50)  R;= E(R;))+buFi+...+biFy+5&
(6.57)  E(R;) =X+ Mbit + ... + \bix
(6.59)  E(Ri)— Ry = [01— Ry b+ ...+ [0k — Ry] bix
(6.60) bir = Cov(R;, 0r)/Var(dk)
Chapter 9

(9.1)  C(S4, S, T) = SaN(dy) — SpN(dy)
where d; = [In(S4/Sp) + V*T| /VVT; dy=dy — VT
and VZ=V3—2p43VaVp + V3
Chapter 10

(10.1) Vi(n)

> _a(m) max ) p(elm)U(a, e) =V (i)
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(10.4)  p(r—c))+ (A =p)dr —co)=p(r/d—c)+ (1 =p)(r—a)
Pjyyn — P _ E(Pj,t+1|77t) - b

(10.7) Fair Game: €41 = P P =0
E(P; — P;
(10.9a) Submartingale: ( J’H}mt) L= BE(rjia|n) >0
j
E(P, _ P,
(10.9b) Martingale: (B |m) L= BE(rjiamn) =0

b

(10.14)  B(RjlfBj) = Ryt + [E(Rmt|3mt) — Rye| By

Chapter 11
(11.2)  Rji = aj + B1j (Rt — Ryt) + Boj(RLE, — RSEy) + B33;( HBTM; — LBT M;) + €4
(11.3) ANI; = a+ bjAm; + ¢
(11.4) ANI,o1 = a+ bjAmyy

Chapter 12

1
(1+7)

(12.3) Wo=X+0Vy+Y—-(1-a)V(a)
(124)  Wi=a[pu+&—p(a) + N+ B[M — (1 +r)Va] + (1 +7)(Wo — X) + u(a) — A

(12.1)  V(e) = (@) = A

(12.5) o <U <W1)) —F [U’ (’Wl) (i + 25— pla) + A+ (1— a),ua)} —0

Oa
(12.6) ok <UagW1)> —F [U’ (Wl) <]T/[/— (1 +7’)VM)} =0 where o = g_g

E [U’ (’Wl) (F+ A)}

5l ()

(12.7) (1—a)ue = —

(1215)  E(D) = 11? {V(D) b p—7D— ﬁ/X (X — D)f(X)dX}
(12.16)  B(D) = i . {V(D) + % —D— ﬁg—t}

*

(1217) V(D) =1, + ﬁl;

(12.18)  V[D*(t)] = - E — o D*(t) — B[D’;(;)] }



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

1+r 1+r V B(1+ 2r)

1—|—27’ + 1—|—27’ 1+7’

(12.21) A::—{%}{

(1222) I+D=C+ Np.=C+ P,

P+7,D—1L
P+7,D+1-C

oP L+1-C
(1225) Tp_(7p+a—D)P+7—pD+1_C

(12.24) max (L —7,D + {

(12.26)  D(X) = “max(I — C + L,0)In X

P/
P +E
(12.36)  WYz) = aP(2) + 8P — T(m, P)

~

(12.37) W9(n,z) =aP(n,z)+ P —T(n,p)

St
(12.38) W, =aP, — —=
P

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

=0

(12.40) ﬁ(n, z) = k[n+ c(z)]l/“’ where k= (tﬂ/a)l/”’
(1241)  M(n,2) = Pn,2) = T(n, P) = k(L — t1)[n + ()] — tank' [ + ()]0
(1245) Vo= (1- 1%
X80+ Yo (n) 8
50 + Sm
(1247)  Vi(n) = X(n) ~T(n) - C

XOSO—I—Y Sm+ Y FTs

S0+ Sm + FT's

Xoso + Vs + (X0t ) P
So + Sm + FT's

(12.54) (3%) [V(n) — B(n, D)] — a(D) (g—g) ~0

) (22) i - 500 -2 (25 (22) ) (22) <o

(12.56)  a(D*(n)) [V(n) — B(n,D"(n))] = [V(n) = 1] =0
{dm do 0B 0°B } dD  da (83 dV) ( 0*B )

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

(1250)  V(T,Y) =

\_/

—E [Xt(X/n)|T, V. Y|-c

(1251)  E[Va(T)[Y,,] = B

(12.57)

dn ~ dD

on dn

a2V =B 2550 Yo ol 30

(12.58) a@D):ka—D@?+Dﬂ_a]



(1259) D= Xl[ ale—7) ]

1—a)(l—e)
(12.60) CI(I;?X // [s —c(s,p)] f(s,pla)dsdp
(12.61) // (s,pla)dsdp — G(a) >V
(12.63) W =\

(12.65)  maxU(k U/ c(s,p)|f (s, pla)ds dp — G(a) — }

(12.68) £%/W&w®ﬁﬁwﬁ+kUVE®NM®®—QM—4

b | [ VI Lslards - 6]

Uls—e(s)] . . fulsla)
Vi) 0 T (sla)

(12.73) I(naX// [s — c(s,p)] f(s,pla)dsdp+A {// c(s,p)|f(s,pla)dsdp — G(a) —
c(s,p)

ﬂ{//vwamn@mwﬁw—ewﬂ

Uls —elonll _, | Jolssple)

(12.70)

e O R TP P

Uloodp) _,  fulble) (ol fuu (pla)
27 g =T el M el T bl
(12.81) max Espm|U s —c(s,p,m)]|a(m)]

c(s,p,m),a(m),m(m)
Subject to (for all m) Epm [[V]e(s, p, m)] — Gla(m)]] |a(m)] > V.
OV(X*)  OP(XT)  9C(X")

(12.82) = o~ ax =

1283 5= 17AEE) —a— A~ p)Cov(s, Ry)
1 ‘l‘ ’f’f

(1-B3)E(s) — a— A\(1 — B)Cov(s, Rar)

(12.86) max
a,3 1 + rf

+1 (a[E(W) + o+ BE(s)] — b [Var(W) + 28Cov(W, s) + #*Var(s)]| — V)
AaCov(s, Ry)  Cov(W, s)

12. = —
(12.90) p 2bVar(s) Var(s)
V +dB V
(1294) Bnew_B =D {— |iP (D T dD, 1,T T’f,Uv):| + P (5, 1,T,’r’f,0'v)} = D(—PX—I—Py)
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Chapter 15

E(FCF E(EBIT)(1 -,
(15.2) VU:% o V= Z p)( )

(15.3) NI+ kD = (f-z‘&; VO~ FCC — dep) (1—7.) + kaDr.

—~—

E(EBIT)(1—7.) kiDr,
_l_
p ke
(15.6)  Vi=Vy +7.B
AV, AS  AS"+ABY  ASY

(15.4)  Vi=

159 AT = AT T a1 N
(1 — 7.)AE(EBIT) __AB
(15.11) A7 > p AT
AB

(15200 G=V,—Vy=r1.B
E(EBIT)(1 = 7.)(1 — 7ys)

15.21 Vi =
( ) U ;

(15.23) Vi =Vu+ {1 _a _(1702(71- ;)TPS)] B where B = kgD(1 — 7,5)/k

(1528) By = {1 - n)—] b

(15.33)  RpSY 4+ M (1 —7,)Cov(EBIT, Ry) — A (1 — 7.) B [Cov(Ryj, Ri)]
= E(EBIT)(1—1.) — E(Ry)B(1 —7.)
08 08 1 9%8

15. = — — - 22
(15.38) ds anV+ 8tdt+228V20th
oSV
(1540) Ts = Wg’rv
(15.43) S =VN(dy) — e """ DN(dy)
1
15.46 =
R TR R CATATC)
1% 1%

(15.47/8) ks =Ry + (R, — Rf)N(dl)gﬁV =Ry + N(dy)(R, — Rf)§

1%
(15.52) k‘b = Rf + (,0 - Rf)N(—dl)E

Note: This is a correction to the formula in the reading.

v

(15.55) 5 = p(V.t)dt + odW



1
(15.57) 5a2v2FVV(V) +rVEy (V) —rF(V)+C =0

(15.58)  F(V) = Ao+ AV + AV /o)

(1559) V=Vg=BV)=(1-a)Vg V—oo= B(V)—Cfr

(15.61) B(V)=(1-pp)C/r +pp[(1 — a)Vp] where pp= (V/VB)_%/”2
(1562) V=Vzg=DC(V)=aVs V —oc0= DC(V)—0

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

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

Vi itVi > D

(15.68) M:(1+7’)%Vb+%{ v,

Yo(l+7r) e +1Vi,  if D* < D < W,
1569 MCL: 147 ]
| ) { 70(1+7’)ﬁ+%v1a if D < D*
as70)  ag = AR =0) D <D<V,
. ’ Yo(1+7)7 + Vi if D < D*

Chapter 16

B L+ ky(t+1)

(16.2)  Vi(t)

—_— ~ ~

_ EBITi(t+1) = L(t +1) + Vi(t + 1)
B L+k,(t+1)

(16.9) Yy = [(ﬁ - T’DC) (1—7)— TD;,,Z} (1 — 7p:)

(168)  Vi(t)

~ —_—

(16.10) Yy = (EBIT —rD.)(1 — 7)(1 — 74) — rDpi(1 — 1)

i i

16.26 S, — E(S)) = 1+ ——| =[EBIT, — Eo(EBITY))] |1+ ——
( ) 1 — E(51) 51{+1+k‘] [ 1 — Eo 1)]{+1+k]
(16.27) ADivy = a; + Ci(D’L"U:t — D’l.’l}@t_l) + Uy
(1633) AD’é’Ut = ﬁlDz'vt_l + ﬁgNIt + ﬁgNIt_l + Zt
(1635) Pit =a+ bD'é'Uit + CREit + i
(16.38) R =70+ |Rm = 0] 0+ [DY; = DY) /DYm + 2

AW Pg — P, Pr— P,
16.43 =(1-F F
10.3) = (1= F) () s R

10



Hull: Options Futures and Other Derivatives

Chapter 12: Binomial Trees

. fu - fd
(121) A=t
67"At —d
(12.5/6)  f=e " [pfu+(1—p)fs]  where p= py—

(12.13/14)  u=eVD  g= oV

Chapter 13: Wiener Processes and Ités Lemma

(13.17) G=InS dG = (p—0/2) dt + o dz

Chapter 14: The Black-Scholes-Merton model

_(9f Of  10%f . of
(14'9) df = (%MS + a + 5@0’ S dt + %USdZ
2
(14.16) of + ng + 102528_f —rf

ot S 2 05?2

Chapter 18: Greek Letters

(18.) A(call) = N(dy) A(put) = N(dy) — 1

__SNldo .
(182)  O(eal) = =772 — ke N (dy)
SNe
(18.2) O(put) = T +rK N(—dy)
N'(dy)

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

S(] U\/T
(18.4) O +rSA + %azSzf =rll

(18.)  V(call) = V(put) = SovV'TN'(d;)
(18.) rho(call) = KTe ™ N(d,)
(18.) rho(put) = —KTe ™" N(—dy)

Chapter 20: Basic Numerical Procedures

f11—f10
20. A= Zbl 0
(08) S(]U—Sod

11



(20.9)

(20.10)

(20.12)

(20.27)

(20.34)

(20.35)

(20.36)

(fa2 — f21)/(Sou® = So) = (f21 — f20)/(So — Sod?)

I'=
h
f2 1 fO 0
o = 21 -_Joo
2At
—a]At _ g

p =

u—d

ajfij—1 +bifij+cifijm = fixrj
1 1
where a; = 5(7’ —q)jAt — iazjzAt, by =1+ %At + rAt
1 4 L 5o
and ¢; = —5(7’ —q)jAt — 5077 At

fij = a;’fi—l—l,j—l + b;’fi—l—l,j + C;fi—l—l,j—l—l

1 1 1 1
here a* = ——(r — q)jAt + =0?j2At bt = 1 —o?2At
where a; 1+rAt( 2(7’ q)j +2Uj ), i 1+7’At( o°) )
1 1 1
* “(r—q)jAt+ =0%2A
and ¢ T AL (2(r q)j t+2aj t)
a;fij—1 + Bifi; +vifije = fir1
At o? At At
where aj = 537 ( i ?) “oaz G lERpe At
dm = — At 0_2 At
WV T oAz \" T2 ) T aar?
& fiv1,j-1 + B fivry + 75 fivrj+1 = fij
L . 1 At o? N At
W T . = — T — e S A 0
S e v DY 179 ) Toaz’
1 At
dgr=——_[(1— 2
and f; 1+7=At( AZ2U)
4t 1 At o? N At
MO T A 2az " T4 o) Toae?

Chapter 22: Estimating Volatilities and Correlations

(22.7)

(22.8)

(22.12)

(22.13)

Ui = )‘02—1 + (1 — )‘)ui—1

UZ =~V + aui_l + ﬁai_l

m 2

S o]

i=1

Elo7.]=Vi+(a+p) (02— VL)

12



Chapter 25: Exotic Options
Call on a call

Soe_quM (al, bl, \/ Tl/Tg) — K2€_TT2M <a2, b2; V TI/T2) - 6_TT1K1N(Q2)
] * — 2/T
n(S/S") + (r —g+0°/2)Th as = a; — o/ T

where a; =

ovTy
1 K — 2/2)T
by = n(So/ 2)+U(\T/Tq+0/) 2 by =b — o/
2

Put on a call
Call on a put

Koe ™2 M <—a2> —ba; \/m) — Soe "M <_a1’ —bis \/m) N ()
Put on a put

506_qT2M (al, —bl; —1/ Tl/Tg) — K26_TT2M (ag, —bg; —1/ Tl/Tg) + 6_TT1K1N(a2)

Chooser
max(c, p) = ¢+ e 127" max (0, Ke~ 01 _ g,)

Barrier Options

)\:# y:m[flj/%_l_)\aﬁ
In(So/H) In(H/So)

m== +AVT vy W= + AoVT

If H<K

car = Soe™ T (H/[S0)*N(y) — Ke™ (H/So/*N (y - ov/T)
IftH>K
cdo = SoN(z1)e T — Ke™™T'N (:171 — a\/T)
—Soe T (H/So)P N (1) + Ke " (H/So)? 2N <y1 - a\/T)
IfH>K

cui = SoN(z1)e " — Ke™'N (xl - a\/T)
—Soe™ T (H/S0)** IN(=y) — N(=y1)]
+Ke ™(H/Sy)* 2 [N (—y - a\/T) - N (—y1 - aﬁ)}

13



If H > K
Pui = —Soe™ " (H/So)**N(~y) + Ke™"" (H/So)** >N (—y + Uﬁ)
If H< K

Puo = —SoN(—z1)e " + Ke TN (—:El + a\/T)
Soe~ T (H/So)PN(—y1) — Ke T (H/Sp) 2N (—y1 + a\/T)

ItH<K

pai = —SoN(—z1)e~T + Ke "N (—xl + a\/T) + Spe~IT(H/Sp)? [N(y) — N(y1)]
—Ke T (H/Sy)* 2 [N (y - a\/T) - N <y1 - 0\/7)}

Lookback Options

o? o?
cr = Soe ' N(ay)—Spe 1" N(—ay)—Smine™"" (N(ag) — eYlN(—ag))
! 2(r — q) 2(r — q)
where a; = ln(So/Smin)Cr%—q+02/2)T as = ay — oI
s — ln(SO/Smin)+(—r+q+crz/2)T
3 — U\/T
)/1 — 2(7‘—q—0’2/2)21n(50/5min)
T 2 Y T o’ T
Pr = Smax6_T (N(bl) — e ZN(—bg)) —I—S(]6_q N(—bg)—506_q N(bg)
! 2(r — q) 2(r — q)

_ In(Smax/So)+(=r+q+02/2)T
- VT

where b

bgzbl—Uﬁ

by = In(Smax/So)+(r—qg—02/2)T

2 2 U\/lf
sz _ (r—q—o /%‘)zn(smax/s())
Exchange Options
(25.5)  Voe T N(dy) — Upe WP N(dy)

_ )
where dy, = In(Vo/Uo) + (qu — qv +6°/2)T
VT

and 6= \/0[2] + 0% — 2poyoy

n—1 2
. o1 = 252 SZ+1
1 latility: = E : I
Realized volatility o n—29 - { n ( S; )]

A  — 2 S* 1 ) 1
(25.6) _MW:—m—_—ﬂ——q+f{%JEWMKMK+/SEEWHMM(

do =dy — VT

14



(25.7)  Lya[E(V) — Ve

5" i~
(25.8) - 0%6 (K )dK—I—/K . %e c(K)dK = ZAKK QK
(25.9)  E(5) = E(V){l_é 7;(7"(/‘)/2) }

2 n
(25.10)  E(WV)T = (? - 1) +2) %JTQ(KZ-)
=1 4

Chapter 26: More on Models and Numerical Procedures

(26.2,3) dg (r—q)dt +VVdzs dV = a(Vy — V)dt + EVedzy

Chapter 27: Martingales and Measures

(274) 1L = (02f2) 1 — (01f1) fo

(27.5) All = (w02 fifo — paor f1f2) At
(27.7) Tf = pdt + odz

-
(27.8) — =\

(27.13)  p—r=>_ \o;
=1

@) d(1) = -opLa

(27.20)  fo = P(0,T)Er(fr)
P(t,Ty) — P(t, Ty)
A(t)

(27.23)  s(t) =

(27.25)  fo = A(0)E, { A@)]
(27.26) ¢ = P(0,T)Er [max(Sy — K, 0)]
(27.31)  fo = UsEy {max (g—; ~1, 0)]

(27.32)  fo=WoN(d1) — UoN(dz)
(27.35) Qy = POy Oy

15
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Chapter 28: Interest Rate Derivatives: The Standard Market Models
(28.1) c=P(0,T)[FpN(dy) — KN(dy)]

(282)  p=P(0,T)[KN(=dy) — FpN(—di)]
In(Fp/K) + 0%T/2
UB\/T

ngdl—O'B\/T

where d; =

By—1
28.3)  Fp=
(28.3) = 50T

(28.4) op = Dygyo,
(28.7, Caplet) L(SkP(O, tk+1) [FkN(dl) — RKN(dg)]

ln(Fk/RK)—l—O'gtk/2
dy = dy — o/t
Uk\/ﬁ 2 1~ O0Vik

(28.8, FlOOI‘let) L(SkP(O, tk+1) [RKN(—dg) — FkN(—dl)]

where d; =

(2810)  LA[soN(dy) — sN(da)] where A=—3" P(0,T))
m =1

Chapter 29: Convexity, Timing, and Quanto Adjustments

1 G// y
(29.1)  Er(yr) =vo— 5?/305T (80)

G/(yo)
R20%1T
29.2 Er(Rr)=R 0 R
( ) T( T) o+ 1+ Ror
(29.3) Ay = pywovow

_pVRO'Vo'RRQ (T* — T)

(29.4) Ep(Vr) = Ep(Vr) exp 14+ Ro/m

T

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

p = KPO,T)N(—h+o,) — LP(0,s)N(—h)
1. LP(0,s) o,
= = %
e (N
o 1 — e=2aT
- ~ 1= —a(s—T) -
T a [ © } 2a

(30.24) Phii = Z Qm.jexp [—g (am + jAZ) At]

J=—nm

16



Chapter 32: Swaps Revisited

F?o?1t;
32.1 [ 4 —i%iTiti

1 Gi(y:) _ yimiFipioyiopiti
31.2 Z-—_.22,tiz v)  JihitiiYyaY Rt
(31.2) ¥ 5Yi 0y Gl T

(32.3) Vi + Vipiow,iov,ti

Hardy: Investment Guarantees

Chapter 2
AR(1) (2.7):

(2.7) ;i = p+aYimr —p) +oey
e; independent and identically distributed (iid), e; ~ N(0, 1)

ARCH(1) (2.8-9):
(28) Y;f = U + 04

(2.9) o2 =ap+a1(Yi_1 — p)?
ARCH(1) with AR(1) stock price (2.10-11):

(2.10) YV, = pt+aYioq—p)+ o
e, iid ~ N(0,1)

(2.11) ol =ag+ oY,y — p)?
GARCH(L,1) (2.12-13):

(212) Y;g = u + 01&¢

(2.13) o} =aog+ar(Yios — p)? + Boi,
GARCH(1,1) with AR(1) stock price (2.14-15):

(2.14) Yi=p+aYioy — p) +oer g iid ~ N(0, 1)

(2.15) 0,t2 = g + Oél(Y;g_l — ,U)2 + 60'152_1

Chapter 3

(3.1) L) = f(X1,Xs,..., X0 0)
(32) L) =[] f(as:0) 1(0) = logf(xs;0)

17



(3.3) L(0) = f(x1;0) f(xo; 0z1) f(23; 0|1, 22) - - - f(T05 0|1, . ..
(3.4) = Z logf(xs; 0|z1, ..., 2e—1)

(3.5) ElY,| =p forallt

3.6)  E[(Y: —p)(Yij —p)] =~; foralltandj

(3.7)  b(0) = E[0 — 0]

Lognormal model (3.13-14,22-23):

(313) =g
(3.14) J y

o e
s 5= (7Y 0)

AR(1) model (3.24-27):

5 l’n—l)

L= a)y - Y))})

(3.24)  Yi|Yii ~ N(u(l —a)+aY;q,0%) t=2,3,...,n
1—a? 1 [ (Y; — p)?(1 —a?
(3.25,26) l(p,0,a) = log Jexp B (e D Gt
2mo? 2 o?
(T (-
] _Z
+; og< 27mzexp{ 5 (
1
= —glog(Qw) + §log(1 — a®) — nlogo
L} (M —p)?(l—a?) ~ ((Yi = (1 - a)p—aY¥y)?
2 { ( o? * Z o?
t=2
o? o? 1—a?
2 1] ~= 7| ~ — al ~
ARCH(1) (3.28-30):
(328) Y;f = U + 06
(3.29) 0f =ao+a1(Yi1 — p)?
(330)  Y|Yi1 ~ N (pya0+ a1(Yeo1 — p)?) t=2,3,...,n

18



GARCH(1,1) (3.31-33):

(3 31) Y;g :,U—l—O't€t
(3.32)  of =ao+a(Yin — )’ + Bop,
(3.33) Yi|Yioi ~ N(p,02) t=2,3,...,n
(335) =y G=s,
Chapter 8

S
8.) Fr=F"L1-m)T

So

(83) P(] = G6_TT(I>(—d2) — 50(1 — m)T<I>(—d1)
log (S0 (1 —m)"/G) + (r+ ¢/2)T
(ovT)

85 HO = [ (Ger ) afudt+ [ (=Su(1 = m) (=) wf ) a

0

dgzdl—Uﬁ

where d; =

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

—50(1 — m)tl
where Ps(t;) = BSP(So(1 —m)™, G, t1)
B
1
(8.15) a= So i

]
(819)  HE, = H(t) + 1ala® (G — F)*) — H(t")
(822) TCt = TSt |\I]t - \I]t_1|

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)  Vi(F)=S+D(1+ %)

(p.494)  V4(E) = —C+Va(F) - D+ P{V.(F), D}
= —C+Vg— D+ Py
VA(E) = Vy(F) - D+ P{Vy(F), D}
=Vy— D+ Py
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Chapter 16
(16.1) T+(E+P)(1+mr)—L

(16.2)  E(T)=(E—P—R(I;5))(1+ E(R;) — E(L(a)) + hC(I;S) — a

OE(T)  —0E(L(a)) oC dI OL
9e ~  o0a ‘Thrararas "

(16.3)

Manistre and Hancock; Variance of the CTE Estimator

el
-

(p.130)  CTE(a) = ()

1
(p.131)  VAR(CTE) = E[VAR(CTE|X )] + VAR[E(CTE|X))]
VAR(I(l), ... ,x(k)) + - (CTE — $(k))2

<
Il

(p.131)  VAR(CTE) ~

k
o 1 .
(p. 132) CTE(a) = % E () VaR(o) =

;((‘1/;; x < VaR

(p.133) IFy.pr(z) =< 0 x=VaR
x>VaR

f(VaR)

VaR - CTE xr < VaR
(p. 133) IForp(z) = { VaR— CTE + =Y 3> VaR

. E[lFerp)?]  VAR(X|X > VaR) +a- (CTE — VaR)?
(p.133)  VAR(CTE,) ~ U Fere)| _ (XX >VaR) +a- aR)

n n-(1—a)

E[IFVCLR)z] . a - (1 — Oé)

(p.133)  VAR(VaR,) ~ n " n-[f(VaR)]?

E[IFCTE . IFVaR] . - (CTE — VGR)
n ~ n-f(VaR)

(p.133)  Cov(CTE,,VaR,) ~

VAR(X(l), ... ,X(k)) + - (CTE — X(k))2
n-(1—a)

(p.134)  FSE(CTE) = \/

20



(p.134)

(p.134)

(p. 146)

(p. 146)

(p. 146)

(p. 146)

(p. 146)

(p. 146)

FSE(VaR) = —- . /&1 =9)
f(VaR) n

a - (CTE - X(k))

Cov(CTE,VaR) = -
n- f(VaR)

Ecl(IFvar)? _ VARG[WH]|
n n-[f(VaR)|?

VAR(VaR,) ~

Eg[(IFCTE)z] _ VARg[W(X — VGR)H]

VAR(CTE,) ~ - o)

Eg[IFCTE . IFVaR] . Cng[WH, WH(X — VGR)]

Cov(CTE,,VaR,) ~ " = n-f(VaR)-(1— )

WI|X >VaR]| — 1+«

VAR(VaRy) = (1 —a) - b n-[f(VaR)]?

VARp[WVWH(X — VaR)]
n-(1—a)?
Ep[W|X > VaR] - VARp[X| > VaR]
n-(l—a)

(CTE —VaR)*- (Ep[W|X >VaR] — 1+ «)
+ n-(1-—a)

Covp[W, (X —VaR)?|X > VaR]
+ n-(1—a)

VAR(CTE,) =

. X — X >
Coo(CTE, VaR) ~ Covp[W, VaR|X > VaR]

n- f(VaR)
-«
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FET-106-07: Ho and Lee, The Oxford Guide to Financial Modeling
Chapter 5: Interest Rate Derivatives: Interest Rate Models

(5.10) dr = ay+bi(l —r)dt +rodZ
dl = (GQ + bg’r’ + Cgl) dt + lO’gdW

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

= L(k, j) exp [( > SRS A

k; 1) A+ Ak_j_l\/ZZ

T+ﬁ‘—1 ( )
h(t
. PIT*+T), = Ti _
(6.13) P(T*,i;T) = P{T™) T d°" where h(t) = 55
i

FET-114-07: Capital Allocation in Financial Firms

p.116 NPV ={0-d)V{ST}—(C—p) —(1+m)V{S~}
— i — (dV{S*} + mV{S})
V{st} = a(n (()121)\7(2))
V{s-} = U(H(Z(l—ji\g(—Z))
z =C(l+r)/o

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

(2)  V(E)=F+V(Ar)-PV(L)+O

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

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

r=1
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