INV 201 Quantitative Finance Formula Package
Nov 2025/March 2026 /July 2026

The exam booklets will include a formula package identical to the one attached to this study note. The
exam committee believes 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 package was developed by reviewing the syllabus material for each major syllabus topic. Candi-
dates 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 in the
formula package.

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, the page number is provided instead.



Options, Futures, and Other Derivatives, Hull, John C., Pearson, 11th Edition
Chapter 5

(5.1) Fy=Spe™
(5.2) Fy=(So-1I)e"
(5.3) Fy=Spelr—oT
(5.4) f=(F-K)e ™
(5.5) f=Sy-KeT
(5.6) f=Sy-I1-KeT
(5.7) f=Se " - Ke™
(5.8) Fy=Spelr—T
(5.9) Fy= SpelrrT
(5.10)  Fy = Spe™
(5.11) Fy=(So+U)e™
(5.12) Fy= Spelr+wT
(5.13) Fy> (So+U)e'”
(5.14) Fy< (So+U)e”
(5.15) Fy<(So+U)e™
(5.16)  Fy < Spelr+wT
(5.17)  Fy= Spelr+u=uT
(5.18)  Fy = Spe”
(5.19) EF, = Spele T
(5.20) Fy = E[Sp]e0T



Chapter 11

(11.1) ¢<Sy and C<Sy

(112) P<K

(11.3) p<Ke™™

(11.4) c¢>max(Sy- Ke™",0)

(11.5) p>max(Ke ™ - Sp,0)

(11.6) c+Ke™ =p+ Sy

(11.7) Sp-K<C-P<Sy-Ke™™

(11.8) c>max(Sy-D-Ke™,0)

(11.9) p2max(D+ Ke™™ - 5;,0)
(11.10) c+D+Ke™ =p+ S,
(11.11) Soy-D-K<C-P<Sy-Ke™™

Chapter 13
(13.1) A= ﬁ
(13.2) f=e""[pfu+ (1-p)fd]
el —d
(13.3) p= p—

(13.4) E[Sr] = Spe™
(13.5) f=e"[pfu+(1-p)fd]

At _
(13.6) p= eu : dd
(13.7)  fu=e" [pfuu+ (1 =p) fud
(13.8)  fa=e" [pfua+ (1= D) faa]
(13.9)  f=e"[pfu+(1-p)fd]
(13.10)  f =€ [p? fuu + 20(1 = p) fua + (1 = p)* faa]



Chapter 14

(14.1)

Az =eVAt
2(T) - 2(0) = isi@

dr =adt+bdz

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

ds

< =pdt+odz

% = uAt + oeV At
AS = uSAt + o Sev At

% ~ p(uAt, o?At)

AS =0.00288S +0.0416S¢
dx = a(x,t)dt +b(z,t)dz

oG 9G 18°G .\, IG
dG—(%a-l-E‘f‘iwb)dt‘i‘%bdZ
dS=pSdt+oSdz
(G ., 0G 102G ,,\, OG
dG—(aSuS+ T +265208)dt+8505dz
F = Ser(T-1)

dF =(p-r)Fdt+oFdz
d(InS) = (,u— 302)dt+ad2’
In Sy -1n S Ngb[(u—%UQ)T,OQT]

InSp~¢ [ln So + (,u = %0‘2) T, O'QT:|

0.5 (121 + $2H — |t — s|2H)
tHgH

Corr(X(t),X(s)) =



Chapter 15

(15.1)

(15.2)

(15.3)
(15.4)
(15.5)

(15.6)

(15.7)

(15.8)
(15.8)

(15.9)
(15.10)

(15.11)
(15.12)
(15.13)

(15.14)
(15.15)

(15.16)

15.17)

(

(15.18)
(15.19)
(15.20)
(15.21)
(15.22)
(15.23)
(15.24)
(15.25)

% ~ o(uAt, 0?At)

ln(%) ~ gb[(,u— %a )T O‘QT]

0

In Sy ~ ng[lnSo + ( - —02) T, O'2T]
E[ST] = Soe“T

Var(Sr) = S3e? T (e7T - 1)

f=8-KerTH
dS=pSdt+oSdz

df = (f +8f+182f 252)d a—fanz

ot 2082 oS
AS = uSAt+cSAz
f of 10*f 2 2) of
A =L At +2LoS A
/= (as WSt 5t oge0 )ALt 55T A
0f ¢
H-—f+%
of A
Al = —A
U as
_ _0_f_10f 2 2)
AH‘( or “zag” )
ATl = rIIAt
2
f S_f QSQaf_Tf

ot a5 T2 052
~2r/o?
o)
f=e"TE[Sy] - Ke'T
E[Sr] = Spe’™
c=SoN(dy) - Ke ™" N(dy)
p=Ke T N(=dy) - SoN(~d:)
¢ = e TE[max(Sr - K,0)]
D, <K (1-em@n)
D, > K (1-emTn))
D; < K (1-e(tnt)



Chapter 19

Table 19.6 Greek letters for European options on an asset providing a yield at rate ¢

‘ Greek Letter ‘ Call Option

‘ Put Option

Delta e"9T"N(dy) e 1T (N(dy)-1)
7 —-qT [ —qT
Gamma. N (dl)e N (dl)e
S()O'\/T - S()O'\/T -
7 =q 7 =q
Theta _S()N (dl)ae _S()N (dl)ae
2T 2T
+ ¢SoN(dy)e 9T —rKe ™ N(ds) | —¢SoN(=dy)e " + rKe "™ N(-dy)
Vega SoﬁN’(d1)€_qT SoﬁN’(dl)e_qT
Rho KTe "N (ds) —-KTe "™ N(-ds)
Chapter 20
(20.1) p+Spe @ =c+ Ke™
(20.2)  pBS = Pmkt = CBS ~ Cmkt
Chapter 27
(27.1) dS=(r-q)Sdt+o(t)Sdz
ds
(272) = =(r-q)dt+ V'V dzg
(27.3) dV =a(V, -V)dt+&V*dzy

' Okt [OT + q(T) ek + K[r(T) = ¢(T) ] Ocmis | OK

(27.4) [o(K,T)]*=2

K2 (0%cpki/OK?)



Chapter 28

d?? =mdt + sdz

Afi = fiAt+o1fi Az

Afy = pafo At + 09 fo Az

I =o03fof1-01f1]2

All = (p1o2 f1fo = a0y f1f2) At

Bi—T  Ho—T
01 02

%=udt+adz

IU’_T :>\
o
U—r=A0
df =(r+Xo)fdt+ofdz
do;

— =mudt + s;dz; fori=1,2,...

0;
ﬁ = pdt + ioidzi

f =

n—=r= zn:)\zaZ

i=1
d(g) =(of - ag)gdz
_ fr

fO - g()]Eg [QT]

dg=rgdt

,n



Jo= QOE[;C—T]

Jo= E[e_/OTrdth]
Jo= IAE[e_TTfT]
fo=P(0,T)Er[fr]
F= ET[UT]
Er«[R] = F(1)

_ V()
ERANTO)
s(t) =Ea[s(T)]

V(T)
v - a0 5| 55

V
Vy = Uy By [U—i]

fo=UsEy [max (ﬁ -1, 0)]
Ur

fo=VoN(dy) - UsN(ds)

Ay = Zn:(A: - )\1) Ov,i
i=1

n
Ay = Z Ow,i0v,i
=1

Ay = P OyOy

29

Lo max(Ry, — Rk, 0)

L(1+ Rgdy
By vat)
L6y P(0,t41) [FeN(dy) - R N(ds)]
L6xP(0,tg11) [RxkN(=ds) — FpN(=dy)]
Loy P(0,tgs1) Egs1 [max(Ry — Ri,0)]
LA[spN(dy) - sgN(ds)]
LA[sgN(=dy) - spN(-dy)]

max [cL -



The Volatility Smile, Derman and Miller

Chapter 3
(33)  O(S,t) - P(S,t) =S - Ke (T
(3.7) V() =Tem T 1 NSy + (A = M) C(Ko) + (Mg = A\)C(Ky) + ...
(38) V(T) =1+ )\OST + ()\1 - AO)(ST - Ko) + ()\2 - )\1)(5’_}“ - Kl)
(38) V(T) :[+)\0K0+>\1(K1—K0)+>\2(ST—K1)
oC oC 10%C
(39) O(S-’-ds,tﬁ‘dt):C(S,t)'i‘Edt'i‘%ds+§wds2+
(3.11)  CO(S+dS,t+dt) :C'(S,t)+@alt+AdS+%FdS2
oC oCc 1 0*C
1 — — 4 -8 —— =
(3.16) 5 +7°Sas+2<75as2 rC
oC 1
1 — +-I'¥2682% =
(3.17) En + 5 345 =0



Chapter 5

(51)  dS =pgSdt+0sSdZ, dB = Brdt

oC oC 10°C

_ Y - 2
(52)  dC'=Zrdi+ SedS+ oo (0sS)dt
oCc  oC 10%2C oC
_{8t 85 SS+28S2(USS) }dt+%055dz
= ucCdt + ocCdZ
oc oC 10%C S 80 olnC

(63) pe= 0{825 Fghs 2852(058)}’ ¢ =957 T ams’®

(5.10)

(5.12)
(5.13)

d1=

(pc =) _ (ps—1)
oc og

C(S,K,t,T, 0,7“) = eI D[SpN(dy) - KN(dy)], Sp=eTbgS

n(5£)+(%)(T-1) d_ln(%)—(ff;)(T—t)

(5.19)

(5.20)

(5.21)
(5.22)
(5.23)

(5.25)

(5.27)
(5.28)

(5.34)

(5.38)
(page 100)

oVl -t L oVT -1
T
Co=Cre - / A(Sy,x)[dS, — Syrdx]e™™
0

T
Cy=Cre - f A(Sy, x)oSe " dZ,
0

E[Co] = E[Crle™™™

7(I,R) =V, - ARS

PV[P&L(I,R)] =V (S,1,0r) -V (S,7,%)
+305T

ln(SF) 2
Ap=e""N(dy), dy= Sp = Selr= )T
R=€ (1), 1 UR\/_ ) F €

dP&L(I, R) = dV; - rVidt — Ag[dS — (r — D)Sdt]
dP&L(R, R) = 0 = dVg — Vgrdt — Ag[dS — (r — D)Sdt]
PV[P&L(I,R)] =€ [e7T-0- e (Viy = Vre)] = Ve — Vig

1
dP&L(I,R) = §F[SZ(J% =33 dt + (A - AR)[(p—1r+ D)Sdt + orSdZ]
The upper bound of the P&L is ... (Vgo— Vi)

10



1 1
(541)  PVr(LR)]L = (Vo - Vio) - 2K 27| N (S(on-£)V7) -
(This is a correction to the text formula)

5.42 dP&L(1,1) = 1F152 o - ¥2)dt
2 R
T
(5.43) PV[P&L([,I)]:%f eI S2(02 - X2)dt
to

1 T
(page 103, problem 5-4)  PV[P&L(I,H)] =V, - Vi + 3 fto e (=), 52 (0% — o) dt

Chapter 6
oC

.2 -—
(6.2) - 0= 528

(6.6) HE ~ Z Li02S%(Z2 - 1)dt

=1

(67)  ohpw [Z ~(1;82)2( th)zl

N | —

.

oC
(612) OHE N il \;-_ 80’
oC o 0C
(614) O'HENdCN%dO'NT%
OHE m 0.89
d Ny/— R~ —
(6-18) C an  /n
Chapter 7

1 2 g 28 C 80 [ 2 ‘
(7.14) 20 —7i |as2
1 7 = 0% + 20ky | =
(7.18) g°=0°+20k —
2
q o —
(7.19) g Uikwﬂdt

oC
2
oS“k (C’ S_E?S)

Chapter 8
(83)  P[In(Sr)>In(K)]=P|Z> m(@)-(-%) N(dy)
o\/T
]_ d1 O'\/_
(8.6) Aprm ~ = \/_7r 3 2@

1 J
(89)  AwmAnra- ——"

V2rV

11



Chapter 10

iS AV VedZ S+B B
(103) S=V—B,?:?: g =0 S dZ, 0'520'(1+§)
dS B-1

(104) G = (S )t + 057z
(105)  dS = puSdt +8dZ, do = podt +godW, E[dWdZ] = pdt
(10.10)  Profit - %rs?(cr? _2) gt - %F(dS)Z _ %rs?z:?dt
OCpsm  0Cpsm O

oK 0% oK

INV201-100-25: Chapter 5 of Financial Mathematics A Comprehensive Treat-
ment by Campolieti

0157 (W) + paST(W') + -+ + pn S (w') = X (w')
0157 (w?) + paSH(W?) + -+ + ST (w?) = X (w?)

(10.15) D=-

(5.4) | .
p1S7 (W) + 287 (W) + - + o ST (W) = X (w™)
(77) @D =X.

Theorem 5.9 (The first FTAP). There are no arbitrage portfolios iff there exists a strictly
positive solution W € RM to the linear system of equations

(5.10) DW =S,.

That is, there exists W = [‘111, Wy, -, \IJM]T > 0 such that
Y Sh(w)W; =S5, Vi=1,2,...,N.

j=1

(5.15) p; = Y i=1,2,....M
. p]._z,?fl\lji7 J=44... .

Theorem 5.10 (The first FTAP—the 2nd version). There are no arbitrage portfolios in a
single-period N-by-M model iff there exist probabilities {p; >0:j =1,2,..., M} such that
the discounted asset price processes

{S’;’}tem}, i=1,2,...,N,

are all martingales with respect to the probability measure P. Such a probability measure is
called the risk-neutral probability measure.

Theorem 5.11 (The second FTAP). Assuming absence of arbitrage, there exists a unique
solution to the state-price equation, W > 0, iff the market is complete.

12



Theorem 5.12 (The second FTAP—the 2nd version). Assuming absence of arbitrage, there

exists a unique set of risk-neutral probabilities {p; > 0

complete.

c g =1,2,..., M} iff the market is

(1+r)-d m-d
¥ (1+7r)(u-d) u—d’
\I/1+\I’2+‘113:(1+7’)_1
(5.30) Uy =c
u\111+m\112+d\113: 1
v u-(1+7) u-m,
T (A+r)(u-d) u-d

Theorem 5.14 (The first and second FTAPs—the 3rd version)

(1) There are no arbitrage opportunities iff there exists an equivalent martingale measure

with respect to a given numéraire asset.

(2) Assuming absence of arbitrage, there exists a unique equivalent martingale measure

with respect to a given numéraire asset iff the market is complete.

13



INV-201-108-25: Mitigating Interest Rate Risk in Variable Annuities: An Anal-
ysis of Hedging Effectiveness under Model Risk

(1) dS; = uSidt + /.S, dW
(2) dv; = k(0 = v,)dt + o, /v, dW}

( ) drgj) =a;(b; - r,fj))dt +0y rfj)thfj

( ) e = (11, = ALS, - ntPt,t+TB)Bt+h/Bt + Ay Sy + Py ip o
( ) dS; =1 Sdt + 04S,dZ?

(page 506) dry = (v(t) — ary)dt + o,.dZ]

( ) dA = (- @) Adt - widt + U AdW

( ) Lr=Ly”+ LYY

( )

L(TD) = /(;T [maX(Gt - A4,0)Byr — v/:CYAsBS,TdS] (Paelpirdl

(page 509) L(TA) = [maX(GT - Ar,0) - /;TaAthTdt] TPa

(3) 0, =EQ [/tT Bromax(Ay, Gy) vetDastllarpdv + By r max(Ar, Gr) T_tpx+t|.7:t]
(page 510) Ly = % /;T By pdt - ‘/(;TaAtBtdet

Ay 7T 0
(5) Qt = ? [ Ptﬂ,d’U +E [5t,TAT|-7:t]

LS (o)
(page 512)  RMSE = NZ(HLT )

i=1

1 &
(page 512)  CTE(1-p)% =5~ S HLY

p =1
(page 522) Por = A(t, T)e BT

(page 522) B(t,T) = 1 [1 _ efa(T—t)]
a

OP, .
(page 522)  pf = —5 " = ~B(t,t+ T")P, ps
t
a[,t 31425 [ T (9\I/(t v At GU) 3\11(t T At GT)
2 A= — _:/ — 7 v—tPz+ m+vd — 7 —tPx+
(page 523) t (9At><85t \ 0A, tPz+tU v+ 0A, T-tPx+t

r —a(v-t) —a(T-t) Ay
- (1 - / € vftpmvttu:vﬂ)dv —-€ Ttpm+t) X =
t St

(This is a correction to the text formula)

T OU(t,v, Ay, G, OU(t,T, A, G
(page 523) Pt = / ( ! ) vftprrtuxﬂ;dU + ( ! T) T-tPz+t
t 37’t art

14



(page 525) A= (eI DP(2)-1) x =

T A, [T
(page 525)  pi=-— B(t,v) P, dv + e‘o‘(T_t)?O / e“CDB(t,v) Py ® (2 — my)dv
t t

(page 525) dvy = (0 = v,)dt + 0o\ /O dW

t+1
(page 525) l-yearVIX, = \/]E@]P [/ vsds|.7-}] =\/A + By,
t

1—6_’%) 1-eF

(page 525) A= 9(1 -
R

R

INV201-109-25: Investment Instruments with Volatility Target Mechanism, Al-
beverio, Steblovskaya, and Wallbaum

@) 0= B%E*(f(S))

3) Vi = BrSt + v By
5) f/t = 5k:gt + Yk

(

(

. 1,

(M) Ou= 5B (V)
(8)  dS, = Sy(rdt+odW,)
(

10) Pdp:K+pdp-KmaX{%—1,0}
0

(11)  RB=K(1-e'")
K
(12) Gap(T) = max{s—ox—K,O}
1-eT
" 00 (fa)

(18) Pdp=K+pdp-Kmax{%—1,0}
0

o5

SRS

1
(19) PdpazmaX{K;K‘(]_+pdpa~S—(
0

o ;=

(20)  gapa(S) - max{sﬁl S5, - K, 0}
=0

1-—erT
Pdpa = 777~
a OO(fdpa)

15



INV201-105-25: An Introduction to Computational Risk Management of Equity-
Linked Insurance, Feng Chapter 1

(page 15)
(1.15)

(page 15)

(1.16)

(page 16)

(1.17)

(1.18)

(1.19)

(1.23)

(1.24)
(1.28)
(page 24)
(page 27)
(page 27)
(1.39)
(1.41)

(1.42)

G(k+1)/n:Gk/n(1+§)7 for k:0717"'

Gy = max{Grn, Fperym ), for k=01,

Gk n
Grsty/n = Fk// max { Fy/n, Fgrtyn s for k=0,1,-

n

Gty = G (Flatyn = Fiyn)+

Gk/n Fk:/n
k-1 Fliiiyin
Gy =Go ] maX{l, %}
3=0 iln

G (k+1)/n = Max {Gk/n (1 + g) ,F(k+1)/n} , fork=0,...

k .
_ P P 4
Gu = (1+2) s {(1+2) "o

Gt = Sup{Fs}

0<s<t

TATy
LENT) = e (G - Fr) (T, > T) — f "5, Flds
0

(o) TAT:
LN(T,) = e (Get™s - Fp, ), I(T, < T) - f e maFyds
0
(nT-1)v[nT] w (nT=1)A[nT] m
L1(u ) = Z e—rk/n_ _ Z e—r(k—l)/nF(kil)/n_
k=nT n k=1 n

™vT tAT
L§) = / e "wdt - f e "'myFidt, T:=inf{t>0: F, <0}
T 0

(nT-1)v|nTy ] h (nT=1)A|nT% | m
Ll(w) = Z e—r(kurl)/nGk/n_ _ Z e—rk/nGk/n
k=nt n k=0 n

(00) T™VvT, tAT,
L) = f ¢t Ghdt - / et Gyt
T 0

T -
PHmax (min(l + aM, ec) ,eg)
k=1 Sk-1

T Sk «
PHmax(min((—) ,ec),eg)
k=1 Sk-1

max(p(max{sk: b)) ,GT)
0
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SUPOstsT{St} ¢
(1.43) maX(P(S—O) ,GT)

Chapter 4

(452) dFt (T m)Ftdt + UFtth, O0<t<T

(453) Bt F)=1ps [Ger(Tt)cb (-dQ (T ~t, g)) _ Fem@T-0g (—d1 (T “t, —))]

Inu+ (r-m+0o?/2)t
o/t
(4.55) dy(t,u) = dy(t,u) - o/t

(4.54)  di(t,u) =

T-t
(page 153) Pe(ta F) =Me tpxF ‘/0 eimsspaﬁtds =Me tpxF&gHt:mm
—(r—m - o2/2
o
_ _ 2 2
_e_mTQ(p (T m+o / )\/T)] =meax:ﬂm

g

(page 154)  E[e"®(Gy, - Fp,).I(T, > Tp)|F]
= pypee "D [Gr, ®(~do(Ty — t, F,[/Gr,)) = Fye"™ ™00 (~dy (T, - t, F,/Gr,)) ]

(This is a correction to the text formula)

~ T T
(460) Nd(O, Fo) = Bd(O, FO)_Pd(O, Fo) = ]E [A e_rttpxlllz+t(Gt - Ft)+dt - ‘/O e_rtmd tpthdt]

(4.61) By(t,F) = I~['z'[e_r(T_t)FT—t](FT—t >0)|[Fy=F]+ E(1 - e_T(T_t))
T

- (rvT)-t (TAT)-t .
(4.63)  No(t,F) = E[w f e ds — Ty f e Fuds| Fy = F]
Tt (TAt)-t
- Tv(T-t) TA(T-t)
=K [w [ e "%ds — my, f e Fds|Fy=F
T 0

(page 158) e TE I(r>T) + E(1 A

tAT
(page 158) w [ e "ds - f e " Fyds
0

TAT
(page 159) Fo-E [[ e (mFy + w)ds] =E[e " E ] =Ele"TFpl(r>T)]
0

~ Tx
(page 160) By, (Fp) =E [‘/(; we "ds + e Fp I(Fr, > O)]

17



(4.75)
(page 162)

(page 163)

w
le(FO) = ’I“T

w ow

L ) fT -<5+r>thT]
r 7"((5+7")+ [0 c K

5@[6_(6+T)T] +myE [fOT e‘(‘S*T)“Fudu]

Bo(t:F) = 2 (1= Gou(r) + B [

Nt F) = 2Bl Qe (1] - 2B [T e ()
+my,E [fOT e‘r“Qm+t(u)Fudu]

e " F, qmt(s)ds]

Investment Income: I[t] = A[t] x (H[t] +U[t] - %L[t])
Credited to Policholder Account: J[t] = C[t] x (Q[t] - % x L[t])

Risk Charges: K[t] = B[t] x (Q[t] - % x L[t])

Mortality: L[t] = Q[t] x F[t]

Lapses: M[t] = S[t] x D[t]

Surrender Charge: N[t] = M[t] x G[t]

Annuitization: O[t] = R[t] x E[t

Current Inforce (as % of initial): P[t] = P[t-1]x (1 - D[¢]
Policyholder Fund Value (BOY): Q[t] =T[t-1] + H[¢]
Policyholder Fund Value before Lapses & Annuitizations (EQY): R[¢]

Policyholder Fund Value before Lapses & after Annuitizations (EQY): S[t] = R[t]-O[t]
Policyhodler Fund Value after Lapses & Annuitizations (EOY): T'[¢
Statutory Reserve (BOY): U[t] = V[t —-1]

Statutory Reserve (EOQY): V[t] = T[¢]

- E[t] - F[t])

GMDB Benefit (5% — roll-up rate): W{[t] = P[t-1]xmax(Q[t], H[1]x(1+5%)")
GMDB Benefits: X[t] = (W[t]-U[t])s x F[t]
Poicy Fee Income (30 — annual policy fee: AG[t] =30x AD[t-1]

Total Revenues: AH[t] = AE[t]+ AF[t] + AG[t]
Premium-Based Administrative Expenses: AO[t] = AE[t] x AJ[t]
Per Policy Adminstrative Expenses (2% - inflation rate):
AP[t] = AK[t] x AM[t] x (1 +2%)"
Commissions: AQ[t] = AE[t] x AL[t]

GMDB Cost (0.4% of account value — GMDB cost): AR[t] = T[t]x0.4%
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( ) Total Expenses: AS[t] = AO[t]+ AP[t] + AQ[t] + AR[t]

( ) Death Claims: AT[t] = L[t]

( ) Annuitization: AU[t] = O[t]

( ) Surrender Benefit: AV[t] = M[t] - N[t]

( ) Increase in Reserve: AW|[t]=V[t]-V[t-1]

( ) GMDB Benefit: AX[t] = (W[t] -U[t]): x F[t]

( ) Total Benefits: AY [t] = AT[t] + AU[t] + AV[t] + AW [t] + AX[t]

( ) Book Profit Before Tax: AZ[t] = AH[t] - AS[t] - AY[t]

(page 171) Taxes on Book Profit (37% — federal income tax rate): BF[t] = BE[t]x37%
( ) Book Profits after Tax: BD|[t] = BE[t] - BF[t]

( ) Target Surplus (BOY): BI[t] = BJ[t - 1]

( ) Target Surplus (EOY)(0.85% — target surplus rate): BI[t] =V[t] x 0.85%

( ) Increase in Target Surplus: BG[t] = BI[t] - BH|[t]

( ) Interest on Target Surplus (5% — interest rate on surplus): BK[t] = BH[t]x5%
( ) Taxes on Interest on Target Surplus: BL[t] = BK[t] x37%

( ) After Tax Interest on Target Surplus: BJ[t] = BK[t] - BL[t]

( ) Distributable Earnings: BM|t] = BD[t] + BJ[t] - BG[t]

nT r k
(4.78) B=) (1 + —) Pin
k=1 n
T T T
(4.79) %:fo e_”Ptdt:‘/O e""tl{:tu;+ttpthdt+m/0 e pL Fidt

T T
- A eirtEtdt - A\ eiTt,uith tp:p(Gt - Ft)ert

Chapter 6

F;
(page 264) B.(t,F}) = TpxX[Ge‘T(T‘t)CID (—d2 (T -, %)) — Fe™T-0)¢ (—d1 (T 7 Et))]

(6.16) c(t s)——(2+rs£+la2328—2—r)f(t s) =mp.F(t,s)
' ot ds 2 0s? 87 = Mbatis
F F T
(page 269) A= f(1,5)) - 5 [epee @00 (<ay(T -1, ) +m [ e ]
(page 275 Greeks)
P
A= —Tpre’m(T’t)(I) (—dl(T -, E)) -
s G s
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F
Iy = Tpxze_m(T_t) (AT -1.5))
s oVT -t
F

Oy = 7p. [rGe‘T(T_t)CD (—d2(T -, g)) —mFe™T-H@ (—dl(T -, 5))

oF¢(di(T-t,L5))
2T -t

V= P07 -, g)) VTt

_e_m(T_t)

]er . F (This is a correction to the text formula)

Calibrating Interest Rate Models

(page 12)

T+ (ry—7)es

1-e=27s
o\/ =5

P[Tt+5 < 0|Tt] = @

(page 14)

1
2 Y

Tees = T+ (ry—7)e "+ (0—(1 - 6‘275)) Z,
2y
(page 15)
(5> f(rt+s|7't) = CSXZ(CSTtJrS? v, )\t+s)

where x2(.,v, \iys) is a non-central x? density function with v degree of freedom, and non-
centrality parameter A\ s, with:

4y
cy =
a(l - exp(—ys))
4
v = lf
(6%

)\t+s = CSTteXp(—’YS)

n 1 n—-1 n
Yie1 AT (i-1)A — 5, Yic0 TiA 2ie1 Tin

n-1_.9 1 n-1 2
2iz0 Tia T (Zz‘=0 TiA)

[oN
1l
S|
_ ——~~
i
3
>
|
=
gk
ﬁ —
>
~————

o2 = — Z (ria—a- Br(i—l)A)z
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A
_ ar
r o= _
1-p3*
2,3/6.*2
o = _
1 _ ﬂ*Q
(page 26)
1.96 2
v o= 2 (%)
q0.975 — 40.025
_ do.025 *+ 40.975
o= = -
2
(page 27)

(15.28) Z(r,t;T) = AT -BET)xr

1 .
(1529)  B(:T)=—(1-¢7" ()
v

(15.30) A(t;T):(B(t;T)_(T_t))(T*_ o )_ng(t;T)Q

2(7*)? Ay
(page 33)

r(i) = a1 +Bir(i-1)+/r(i-1)e, i=1,2,...
QN al(;)wlmw

Jri-1) Jr(i-1)
r(z
Yi = —()
Vr(i-1)
1
Ty, = —F/——
Vr(i-1)
To; = ’I“(Z—]_)
Y; = 011{E1i+,61$2i+6i,i:1,2,...
_1-5
! A
e
1-p
02
N
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(page 39)
(15.70) Z(r,t;T) = eAWGT)-BET)xr
2 (ed’l(T—t) _ 1)
(v + 1) (e¥1(T-D — 1) + 29y

*\ (T-t)
. ~ f*’}/* lee(wl‘*’y )T B 3
(15.72) A(t,T)—Q—a 10g((~y*+w1)(ew1(T‘t)—1)+2w1 , and ¢ =/ (7*)? + 20

(15.71)  B(t:T) =

(page 53)

t+s s
Tivs = Teexp(=77s) +exp(=y*(t +s)) [ 0, exp(y*u)du + o exp(—7*s) '/0 exp(y u)dX,

t+s
E[rydry] = riexp(=7*s) +exp(—=y*(t + s)) /t 0., exp(y*u)du
Varlredn] = Z-(1-e)
ar[ruslry] = —e
trs|Tt o

(1925) Z(T,O,T) — eA(O;T)*B(O;T)XT‘

(19.26)  B(0;T) = % (1- )

(19.27) A(O;T)z—f0 B(0;T - t)@tdt+2( 2)2 (T %_QB(O;T))

(page 54)

af(0,7) .\

9
4 oT

2
v F(0,T) + 2"7(1 —exp(-27°T)

Elreslr] = reexp(=7"s) + f(0,s+1) = f(0,¢) exp(=7"s) +
2

ﬁ [1-exp(=7"s) +exp(=27"(t + 5)) —exp(—7" (2t +5))]
(page 57)

T(Ovt) = Zn:aiti
i=0

F0,8) = Yai+ )
i=0

—afgi’t) = Zn;az(z + 1)t
0, = Zn:a a(i+ 1)t + 27 a;(i+ 1)t + _2 (1 _ e—2'y*t)

i=1 =0 27
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(page 59)

fQ0,t) = Bo+Brexp (—é) + @ exp (—;)

r(0,t)

—f (0,2) =
(page 62)

(19.33)

(19.41)

(19.42)

(19.77)
(19.27)
(19.77)
(19.44)
(19.45)

(19.46)

= Bo+ 0 + 32

l-exp(-%)  1-exp(-£)-Lexp(-£)

t
T T

Aosp(-L)+ Zoxp(-L) - Bl exp(-L)

Sy (Tp;Tg)? = B(T@TB)2 (1 e 2'To)
2y

A(1T) = log(ZZ((TOO’ " f))) FBETI0.0) - BT (1)
A(ET) = 1o (ZZ((TOJ%{))) (T =1)£(0,¢) - ";(T—t)?t
B(tT) = ( eV (=0
M = N(l + T’KA)
o
N 1+ TKA
V(re,0) =M x (KZ(ry,0;T — AN (=d3) — Z(ro,0; T)N (=dy))
Q- 1 Z(r9,0;T) Sz(T-A;T)
LS ST -AT) Og(KZ(ro,O;T—A)) 2

d2 = dl —Sz(T—A;T)
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