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» Starting points

Clockwise rotation as a matrix

o] =[ ol o]

Scaling as a matrix
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Clockwise rotation and scale as a matrix
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(@ Actuarial Maths

Uncorrelated random number to correlated numbers

I

A T -
{ ’ } = ycovariance matrixx

¥

Transforming uncorrelated random number to correlated numbers

vl=le sl

(@ Our maths is in fact a transformation

Transforming uncorrelated random number to correlated numbers

x (EigenValuel 0 . S ; T
, | = v : = | inv [EigenVectors]
Y 0 VEigenValuc? y

Clovariance eigen vectors rotate and covariance eigen values scale
So covariance is a geometrie transformation!
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0.5iInY

Distance = Risk Between X and Y in uncorrelated space

Distance = /{0.5% + 0.5%) = 0.7071

0.5in X

Correl = 1.0, Length = 0.000

Correl = 0.5, Length = 0.500
Correl = 0.0, Length = 0.707
Correl = 0.5, Length = 0.866

Correl = -1.0, Length = 1.000

‘Establish the triangle and the problem is two-thirds solved": Pythagoras
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(@ Notion of distance s

(Average (square(Relative Returns Data - Mean))
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(@ Link to dimensionality s

HOW many aSSEtS dO I rea”y h0|d7 Dimensionality
How many dimensions are there?

[V,D] = eig(corrcoef(mxRets))

nDimensions = sum(min(D(:),1))




(\\Q Correlation and dimensionality

Example Uncorrelated Assets?
[V.D] = eig(eye(3))
sum(min(D(:),1)) = 3

[V.D] = eig(ones(3))

sum(min(D(:),1)) =1

—~ ; :
(® Equation for correlation

Yy = 2 =Ty - T
cou(X.Y) = = (i = F)(si = T)
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_(C-BP-(C-A?-(B-AP

cos (#)
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2 2 2
To—py ~ %c—ny ~ Tp_ay
Pie—an-ay —
i —20(c_ A0 (B-A)

C

> () =180°
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() () Asset 1
Uncorrelated assets have these angles:
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(@ Not a flat triangle, a sphere

(@ Uncorrelated

90 degrees, dimensions =3
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(@ A bit of correlation

INNRN

man

71.9 degrees, dimensions = 2.4

2
(@ More....

14.1 degrees, dimensions = 1.1
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(@ A lot of correlation ‘

0 degrees, dimensions = 1

(@ Real world visualisatioh I‘

Actual Number of Assets, ndimensions = 2.4
93 degrees FTALLSH(RI)

95 degrees MLHSTUE(RI)

57 degrees BMUK15Y
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(@ Real world visualisation Il 1§1

93 degrees FTALLSHRD

2% risk FTALLSH(RD - MLHSTUE(RI

158% risk FTALLSH(R) - BMUK15Y

95 degrees MLHSTUERI
7% risk BMUKISY - MLHSTUE(RI)

47 degrees BMUKIGY

4 4y .
(® Risk is radius 1§

Only positive?
Radius = risk
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(@ But this is an average triangle

1

sum(logic eriteria)

Z Wogic criteria — T/ Wlogic eriteria

7)

(@ We can disaggregate triangle
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(@ Quartiles of equity movements

Equity Market Q1{Green), N dims =23
Equity Market Q2(Green), N dims =2.3
Equity Market Q3(Red), N dims = 2.7
Equity Market Q4{Red), N dims =2.4

(a

@

Extremes of equity movement

Equity Market Top 5 pretile N dims = 2.2
Equity Market Bottom 5 pretile N dims = 2.1
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(@ Joint top bottom quartiles

Jointly up/down Eguity, High Yield, Government Fixed

- :
(\Q Economic cycle?

‘Cyclical indicators?'  Normalised Indicators

US FEDERAL FUNDS RATE (AVG.)
US UNEMPLOYMENT RATE SADJ

1 1 1 1 1 1 1 1 1 1 1
Jan58 Jan63 Jan68 Jan73 Jan78 Jan83 Jan88 Jan93 Jan98 Jan03 Jan08
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(\\Q Establish the economic wave

Smoothed federal funds rate-unemployment

Jan60 Jan65 Jan70 Jan75 Jan80 Jan85 Jan90 Jan9s Jan00 Jan05 Jan10

7~ ,
(\\Q Plot as an economic cycle

"The motion of God is circular': Pythagoras
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( Can we disaggregate covariance by point onﬁ
@ Financial Space Time k

(@ Economic cycle ... Data is 97 to present§
S .....moving round the circle Ty,

Green = equity up; Red = equity down
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(® 97 to June 2011 using this measure

Financia | Space Time

..‘.....+..-'-.

(Q This is a visualisation of financial space-time

* Round Balls = less correlation
* Rugby Balls = more correlation

* Big Balls = more risk
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