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2019 Semester 1: Mid-Term Equation Sheet
Hand in at Exam End

NAME: ID #:

mr =
1
N

∑N
i=1[xi − x̄]r, s =

√
1

N−1

∑N
i=1[xi − x̄]2

skewKS =
N2

(N − 1)(N − 2)

m3

s3
,

√
(N − 1)(N − 2)

6N
· skewKS

A∼ N(0, 1),

kurtKS =

[
N2

(N − 1)(N − 2)(N − 3)

(
(N + 1)m4 − 3(N − 1)m2

2

s4

)]
,

√√√√(N − 1)(N − 2)(N − 3)

24N(N + 1)
· kurtKS

A∼ N(0, 1),

ρ̂xy =

∑N
i=1(xi − x̄)(yi − ȳ)√∑N

i=1(xi − x̄)2 ·∑N
i=1(yi − ȳ)2

.

X̄ − μ√
s2

N

∼ tN−1,
ρ̂− 0√

1− ρ̂2 1√
N−2

∼ tN−2.

z =
1

2
ln

(
1 + ρ̂

1− ρ̂

)
, ζH0 =

1

2
ln

(
1 + ρH0

1− ρH0

)
,

z − ζH0√
1

N−1
+ 2

(N−1)2

∼ N(0, 1)

tk =
N(0, 1)√

χ2
k

k

, χ2
ν = Z2

1 + Z2
2 + . . .+ Z2

ν , Fν,η =
χ2
ν/ν

χ2
η

/
η

c(t) = S(t)e−ρ(T−t)N(d1)− e−r(T−t)XN(d2),

p(t) = e−r(T−t)XN(−d2)− S(t)e−ρ(T−t)N(−d1),

d1 =
ln
(
S(t)
X

)
+ (r − ρ+ 1

2
σ2)(T − t)

σ
√
T − t

, and

d2 = d1 − σ
√
T − t.

p = c = Sσ
√
T−t√
2π

≈ 0.4Sσ
√
T − t

Rt =
Pt

Pt−1

− 1 , rt ≡ ln(1 +Rt) = ln

(
Pt

Pt−1

)

�R =

⎛
⎜⎜⎜⎜⎝

R1

R2
...
RN

⎞
⎟⎟⎟⎟⎠ , �h =

⎛
⎜⎜⎜⎜⎝

h1
h2
...
hN

⎞
⎟⎟⎟⎟⎠ , V =

⎛
⎜⎜⎜⎜⎝

σ11 σ12 . . . σ1N
σ21 σ22 . . . σ2N
...

...
. . .

...
σN1 σN2 . . . σNN

⎞
⎟⎟⎟⎟⎠ ,
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RP = �h′ �R, E(RP ) = �h′E(�R), and σ2
P = �h′V�h.

Rn = RF + βn(RB −RF ) + ρn,

RP = RF + βP (RB −RF ) + ρP .

RP −RB = (RP −RF )− (RB −RF )

= [βP (RB −RF ) + ρP ]− (RB −RF )

= (βP − 1)(RB −RF ) + ρP

= β
(A)
P · (RB −RF ) + ρP

ψP =
√
V (RP −RB)

=
√
(1− βP )2 · σ2

B + ω2
P .

ρP = (RP −RF )− βP · (RB −RF )

ωP =
√
V (ρP ) =

√
σ2
P − β2

Pσ
2
B.

κP =
benchmark return︷︸︸︷

κB +

benchmark timing︷ ︸︸ ︷
(βP − 1)(μB + δB) +

stock selection︷︸︸︷
αP

σ2
P = σ2

B︸︷︷︸
benchmark risk

+ (β2
P − 1)σ2

B︸ ︷︷ ︸
benchmark timing

+ ω2
P︸︷︷︸

stock selection

RAA = αP − λRω
2
P , RTAA = αP − λRω

2
P − TC

�ha: �ι
′�ha = 1, μa = �h′a�μ, σ

2
a = �h′aV�ha, σab = �h′aV�hb.

�hP =
1

D

{
[C(V −1�μ)− A(V −1�ι)]μP + [B(V −1�ι)− A(V −1�μ)]

}
A = �ι ′V −1�μ, B = �μ ′V −1�μ, C = �ι ′V −1�ι, and D = BC − A2 (all (1×1)).

�hP =
μP −RF

(�μ−RF�ι)′V −1(�μ−RF�ι)
V −1(�μ−RF�ι)︸ ︷︷ ︸

column vector of weight in risky assets for given μP

, �hT = V −1(�μ−RF�ι)
�ι ′V −1(�μ−RF�ι)

.

ri(t) = �B′
i︸︷︷︸

(1×K)

· �R(t)︸ ︷︷ ︸
(K×1)

+ ui, V = B︸︷︷︸
(N×K)

· F︸︷︷︸
(K×K)

B′︸︷︷︸
(K×N)

+ Δ︸︷︷︸
(N×N)

,

rn = μτ + σ
√
τ zn

μ̂ =
1

N

N∑
n=1

rn

/
τ =

N∑
n=1

rn , σ̂2 =
1

N

N∑
n=1

r2n

/
τ =

N∑
n=1

r2n

E(μ̂) = μ

V (μ̂) = σ2

E(σ̂2) = σ2 +
μ2

N
N−→ σ2

V (σ̂2) =
2σ4

N
+

4μ2σ2

N
N−→ 0
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[rP10,t − rF,t] = α + βP10[rB,t − rF,t] + εt

⇒ r
(A)
P10,t = α + β

(A)
P10[rB,t − rF,t] + εt

⇒ r̄P10 = r̄B + α̂ + β̂
(A)
P10[r̄B − r̄F ]

PV A =
C

R

[
1− 1

(1 +R)N

]

PV GA =
C

R− g

[
1−

(
1 + g

1 +R

)N
]

IR = IC ×
√
BR

P0 =
EPS

R
+ PVGO and

P0

EPS
=

1

R

⎛
⎝ 1

1− PVGO
P

⎞
⎠

P ∗
t = Bt +

∞∑
i=1

EVAt+i

(1 + re)i
,

Bt+1 = Bt +NIt+1 −Dt+1, EV At+i = NIt+1 − reBt+i−1

P ∗
t

Bt

= 1 +
∞∑
i=1

[(
ROEt+i − re
(1 + re)i

)
·
(
Bt+i−1

Bt

)]

PV =
E(c̃)− cov(c̃, RM) · (E(RM)−RF )/σ

2
M

1 +RF

and PV =
E∗(c̃)
1 +RF

,

rit = αi + βirbt + uit

uit|Fi t−1 ∼ N (0, hit)

hit = γ0i + γ1iu
2
i t−1 + γ2ihi t−1.

(ABM) Pt = μ+ Pt−1 + εt, εt IID N (0, σ2)

(GBM) lnPt = μ+ lnPt−1 + εt, εt IID N (0, σ2)

[E(Pt+1|Pt, Pt−1, . . .) = Pt] ⇒ [E(Pt+1 − Pt|Pt, Pt−1, . . .) = 0]

Dimson Rj,t = α + β−1RM,t−1 + β0RM,t + β+1RM,t+1 + εj,t

βDimson = β̂−1 + β̂0 + β̂+1

Scholes-Williams for each of Δt = −1, 0, 1, Rj,t = α + βΔtRM,t+Δt + εj,t, where

βSW =
β̂−1 + β̂0 + β̂+1

1 + 2ρ̂(1)
, and ρ̂(1) is auto-corr of index

RSMB,t =

(
RS/L,t +RS/M,t +RS/H,t

3

)
−
(
RB/L,t +RB/M,t +RB/H,t

3

)
.

RHML,t =

(
RS/H,t +RB/H,t

2

)
−
(
RS/L,t +RB/L,t

2

)
,

E(Ri)−Rf = bi[E(RM)−RF ] + siE(SMB) + hiE(HML)

Ri −Rf = αi + bi(RM −RF ) + siSMB + hiHML

Ri = E(Ri) + bi1δ1 + . . .+ biKδK + εi, δ1 = RM − E(RM)

E(Ri) = λ0 + λ1bi1 + . . .+ λKbiK , λ1 = E(RM)−RF

END


