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Mathematics Module II 

(Applied) 

Formulas 

Michele Rossini - BIEM15 - AY: 2023-2024 

This handout has been written by a student with no intention to substitute the University o!cial materials. 

Its purpose is to be an instrument useful to the exam preparation, but it does not give a total knowledge 

about the program of the course it is related to, as the materials of the university website or professor. 
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Probability 

Uniform Probability:    "nito   

Dirac Probability:    "nito   

Poisson Probability:    

Geometric Probability:   

Expected Value:    

Variance: 

      

      

      

      

Standard Deviation: 

      

      

Covariance: 

      

      

      

      

      

      

Ω P({ω}) =
1

|Ω |

Ω P(A) = {
1 i f ω0 ∈ A

0 i f ω0 ∉ A

Pn = e−λ ⋅
λn

n!

Pn = (1 − q) ⋅ qn

Ep( f ) = ∑
ω∈SuppP

P(ω) ⋅ f (ω)

Vp( f ) = Ep( f (ω) − Ep( f ))2

Vp( f ) = Ep( f − Ep( f ))2

Vp( f ) = Ep( f 2) − Ep( f )2

Vp(α f + β ) = α2Vp( f )

σp( f ) = Vp( f )

σp(α f + β ) = |α |σp( f )

COVp( f, g) = Ep( f (ω) − Ep( f ))(g(ω) − Ep(g))

COVP( f, g) = Ep( f ⋅ g) − Ep( f ) ⋅ Ep(g)

COVp( f, f ) = Vp( f )

COVp( f, k) = 0 ∀k ∈ R

COVP(α f + β, γg + δ ) = αγCOVP( f, g)

COVp( f + g, h) = COV( f, h) + COVp(g, h)
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Pearson Coefficient    

Distribution Function:    

Simple Density Function:    

Integrable Density Function:   

Expected Value:    

Cavalieri formula:    

If   is a distribution function you have to verify: 

•   positive 

•   increasing 

•   takes values in   

•   and    

•   continuous so 

  and    

If   is a density function you have to verify: 

•   positive 

•   continuous 

  and    

•
  

−1 ≤
COVP( f, g)

σp( f ) ⋅ σp(g)
≤ 1

Φ(x) = P( f ≤ x)

Φ(x) = ∑
i:yi≤x

φ(yi)

Φ(x) = ∫
x

−∞

φ(t)dt

Ep( f ) = ∫
+∞

−∞

xdΦ(x)

Ep( f ) = ∫
+∞

0

(1 − Φ(x))d x − ∫
0

−∞

Φ(x)d x

Φ(x)

Φ(x)

Φ(x)

Φ(x) [0,1]

lim
x→−∞

Φ(x) = 0 lim
x→+∞

Φ(x) = 1

Φ(x)

lim
x→a−

Φ(x) = lim
x→a+

Φ(x) = Φ(a) = 0 lim
x→b−

Φ(x) = lim
x→b+

Φ(x) = Φ(b) = 1

φ(x)

Φ(x)

Φ(x)

lim
x→a−

φ(x) = lim
x→a+

φ(x) = φ(a) = 0 lim
x→b−

φ(x) = lim
x→b+

φ(x) = φ(b) = 1

∫
+∞

−∞

φ(t)dt = 1
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Calcola expected value, Variance, covariance, Pearson coe!cient, Gauss distribution e density, 

Uniform density, Poisson, Dirac 
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Financial Calculus 

Compound Law:   

EQUIVALENT RATES 

Simple Interest:    

Compound Interest:    

Nominal Annual Rate:    

COMPOUND CAPITALIZATION 

Discounted Cash Flow:   

Net Present Value:    

Investment:  To "nd the   (internal rate of return), you need to  , that   is the  . 

Loan:  To "nd the   (e#ective cost), you need to  , that   is the   

SIMPLE Law COMPOUND Law

PV (Discount)

FV (Accumulation)

Force of Interest

 A =
S

(1 + it)

 M = C(1 + i )t

  (Interest)i  i = eδ − 1

 M = C(1 + it)

 i = f (1) − 1

 ρ(t) =
f ′ (t)

f (t)
=

1

1 + it
 ρ(t) =

f ′ (t)

f (t)
= ln(1 + i )

 A =
S

(1 + i )t

f (t) = (1 + i )t ⟹ f (t) = eδt

im =
i

m

i = (1 + im)m − 1

jm ≡ m ⋅ im

DCF(x) = G(x) =

n

∑
s=0

as

(1 + x)ts

NPV(i ) =

n

∑
s=0

as

(1 + i )ts

IRR NPV(i ) = 0 i IRR

EC NPV(i ) = 0 i EC

  of  5 8



30063 | AY 2023-2024 | Bocconi University | Michele Rossini | BIEM15

ANNUITY 

PERPETUITY 

FIXED INCOME BONDS 

ZERO COUPON BONDS: 

Yield to Maturity (YTM):    

      

Duration:     

COUPON BONDS: 

Yield to Maturity (YTM):   

      

Duration:     

Price of the bond:     

Ordinary Annuity Due Annuity

PV

FV

 


 

V0 = R ⋅ an⌝i

an⌝i =
1 − (1 + i )−n

i

 


 

VT = R ⋅ ··sn⌝i

··sn⌝i = sn⌝i(1 + i )

 


 

VT = R ⋅ sn⌝i

sn⌝i =
(1 + i )n − 1

i

 


 

V0 = R ⋅ ··an⌝i

··an⌝i = an⌝i(1 + i )

Ordinary Perpetuity Due Perpetuity

PV  V0 =
R

i
 
··
V0 = R

1 + i

i

i(0,T ) = (
N

P0

)1/T − 1

i(t, T ) = (
N

P0

)1/T−t − 1

D = Maturit y

G(x) = 0

G(i ) = − P0 +
a1

(1 + i )t1
+

a2

(1 + i )t2
+ . . . +

an + R

(1 + i )T
= 0

D =

n

∑
s=1

ts ⋅
as

P
⋅

1

(1 + i )ts

P(0,i ) =

n

∑
s=1

as

(1 + i )ts
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Volatility:     

FINANCIAL IMMUNIZATION 

  

  = reinvestment (up to  ) is that part of the value (at  ) that is given by the reinvestments of all 

the amounts corresponding to maturities preceding   

  = discounted value of all the future amounts paired at maturities from   on. 

If   ↑ then  ↑  and  ↓  

PRICING THEORY 

Assets:    Ex:          

States of the world:  Ex:   = recession,  = stasis,  = growth 

The number of elements of an asset corresponds to the number of state.  

Ex: If state   is reached, the asset   will repay -1.  

Portfolio:   Ex:    

Asset Price vector:  Ex:    

Payoff of the Portfolio       
Or contingent claim: 

Replicable claim:    

Market:     

Complete Market:    

Pure contingent claims:   

Value of the Portfolio:   

LOP:      

Price of the claim:    

ΔP(i )

P(i )
≈

P′ (i )

P(i )
Δi = −

D(i )

1 + i
Δi

V(z, i ) = R(z, i ) + P(z, i )

R(z, i ) z z

z

P(z, i ) z

i R P

y1 = [
−1

0

1
] y2 = [

−2

−1

1
] y3 = [

−3

−1

2
] y4 = [

0

1

2
]

w1 w2 w3

w1 y1

x = [1, − 1,1,2]

p = [1,2,1,3]

w = x ⋅ y

w =

n

∑
j=1

x
j
y

j

W = spanL

W ≡ Rk

{e
1
, . . . , e

n
}

v( x) = p ∙ x

R( x*) = R( x∙) ⟹ v( x*) = v( x∙)

pw = v( x)
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1st pricing formula:     

2nd Pricing Formula:          contingent claims in terms of other contingent claims 

Pricing Kernel:     

Price of the pur contingent claim that corresponds to the state      

Arbitrage of I kind:    

Arbitrage of II kind:    

pw =

n

∑
j=1

pjxj

pw =

n

∑
j=1

αjPw
j

f ( w) = π ∙ w

si pe
i
= f ( e

i
) = π ∙ e

i
= πi

{
Y ⋅ x = R( x) ≥ 0

p ∙ x = v( x) < 0

{
Y ⋅ x = R( x) > 0

p ∙ x = v( x) ≤ 0
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