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The yuima package is developed by academics working in mathematical
statistics and finance, who actively publish results in the field, have some
knowledge of R, and have the feeling on “what’s next” in the field.

Aims at filling the gap between theory and practice!
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The yuima package goal: fill the gap between theory and practice

The Yuima Project aims at implementing, via the yuima package, a very abstract framework to describe probabilistic
and statistical properties of stochastic processes in a way which is the closest as possible to their mathematical
counterparts but also computationally efficient.

The main classes of stochastic processes, all multidimensional and eventually parametric models, are:
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The main classes of stochastic processes, all multidimensional and eventually parametric models, are:
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B Diffusions with jumps or pure Lévy processes
dXt = Cl,(t, Xt, Q)dt -+ b(t, Xt, Q)th —+ C(t, Xt, Q)dZt

where Z; is a Lévy process.
CARMA(p, q) & COGARCH(p, q) models driven by Lévy noise
Point Processes (including Hawkes processes)
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Overview of the yuima
package

What contains a yuima
object ?

What is possible to do
with a yuima object in
hands?

How does it work?

Yuima Team 2018 :

The main object is the yuima object which allows to describe the model in a mathematically
sound way.
An object of type yuima contains the following slots:

data: an object of class yuima.data that stores real or simulated data.

model: an object of class yuima.model that is a mathematical description of the model.
sampling: an object of class yuima.sampling that is the sampling structure.
characteristic: additional informations about model such as number of equations and
time-scale.

B functional: This slotis filled if we want to compute the functional of stochastic process.

The package exposes very few generic functions like simulate, gqmle, plot, etc. and some
other model constructor functions, such as, setModel, setCarma, setCogarch, setPpr,
setPoisson, setFunctional , setMap, setIntegral, setLaw and other special
functions for specific inference tasks.
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What contains a yuima object ?
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Which tools have been developed so far?

Quasi-MLE for multidimensional diffusions (Yoshida, 1992, 2005).

Quasi-MLE for SDE with jumps of Poisson type (Shimizu & Yoshida, 2006)

MLE for inhomogeneous Compound Poisson processes (Kutoyants, 1998)

Adaptive Bayes type estimators for diffusion processes (Yoshida, 2005)

Change point estimation for the volatility in a multidimensional It6 process (lacus & Yoshida, 2009)
Asymptotic expansion of functional of diffusion processes (Yoshida, 2005)

Simple AIC and LASSO-type model selection (De Gregorio & lacus, 2010)

Hypotheses testing (De Gregorio & lacus, 2012)

Asynchronous covariance estimator of Yoshida-Hayashi (2005) for multidimensional It6 processes
Estimation for the fractional OU process (Brouste & lacus, 2013)

Lead-Lag estimation (Hoffman, Rosenbaum & Yoshida, 2013)

Quasi-MLE for CARMA(p,q) models with Lévy innovations (lacus & Mercuri, 2014)

GMM and Quasi-MLE for COGARCH(p,q) models with Lévy innovations (lacus, Mercuri & Rroji, 2016, 2018)
Estimation for general Point Processes (Mercuri & Yoshida, 2016), Hawkes processes with applications to LBO
(Limit Book Order)

a dedicated GUI to exploit graphically some of the above functionalities

Just not to be too vague, let us consider the exact formulations of some of the problems which can be handled by the
yuima package.

Yuima Team 2018 2018 -19/65
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> modl <- setModel(drift = "-3*x", diffusion = "1/(1+x"2)")

> str(modl)
Formal class ’yuima.model’ [package "yuima"] with 16 slots

..
..0

© 0 © © ©

© 0 00 oo oo e

drift expression((-3 * x))
diffusion :List of 1
..$ : expression(1/(1 + x72))
hurst : num 0.5
jump.coeff expression()
measure : 1ist ()
measure.type chr (0)
parameter :Formal class ’model.parameter’ [package "yuima"] with 6 slots

..0 all : chr(0)

@ common chr (0)
..Q@ diffusion: chr(0)
..Q drift chr (0)
Q@ jump chr (0)

. ..Q measure chr (0)
state.variable : chr "x"
jump.variable chr (0)
time.variable chr "t"
noise.number : num 1
equation.number: int 1
dimension int [1:6] 000 00O
solve.variable : chr "x"
xinit : num O
J.flag : logi FALSE
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And we can easily simulate and plot the model like

> modl <- setModel(drift = "-3*x", diffusion = "1/(1+x"2)")
> set.seed(123)
> X <- simulate(modl)

> plot(X)
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> str(X)
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. .0 model

The simulate function fills the slots data and sampling

> str(X)

Formal class ’yuima’ [package "yuima"] with 5 slots
..0 data

:Formal class ’yuima.data’ [package "yuima"] with 2 slots
..Q@ original.data: ts [1:101, 1] 0 -0.217 -0.186 -0.308 -0.27 ...

..— attr(*, "dimnames")=List of 2

..$ : NULL

.. ..$ : chr "Series 1"

..— attr(*x, "tsp")= num [1:3] 0 1 100
..Q@ zoo.data :List of 1
..$ Series 1:’zooreg’ series from 0 to 1

:Formal class ’yuima.model’ [package "yuima"] with 16 slots

(...) output dropped

..0 sampling :Formal class ’yuima.sampling’ [package "yuima"] with 11 slots

..Q@ Initial : num O

..Q@ Terminal : num 1
..@n : num 100
..Q@ delta : num 0.1
..Q@ grid : num(0)

..Q@ random : logi FALSE
..0 regular : logi TRUE
..Q sdelta : num(0)

..Q@ sgrid : num(0)

..0 oindex : num(0)

..Q@ interpolation: chr "none"
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Process A . . .
. Number of original time series: 1
Inference : length = 101, time range [0 ; 1]
Inference A

Number of zoo time series: 1
length time.min time.max delta
Series 1 101 0 1 0.01
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Parametric model: dX; = —0X,dt + —~dW,
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> mod2 <- setModel(drift = "-theta*x", diffusion = "1/(1+x"gamma)")

What contains a yuima
object ?

Automatic extraction of the parameters for further inference
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> str(mod2)
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5 .
— E Formal class ’yuima.model’ [package "yuima"] with 16 slots
How does it work? E ..0 drift : expression((-theta * x))

. ..0 diffusion :List of 1

YUIMA Law E . ..$ : expression(1/(1 + x"gamma))

Compound Poisson : ..@ hurst : num 0.5

Process . ..@ jump.coeff : expression()

Inference E . .@ measure : 1ist )
1 ..0@ measure.type : chr(0)

Inference . ..Q@ parameter :Formal class ’model.parameter’ [package "yuima"] with 6 slots
E ..0 all : chr [1:2] "theta" "gamma"
E Q@ common : chr(0)
. ..@ diffusion: chr "gamma"
s ..0 drift : chr "theta"
. @ jump : chr(0)
E . .. ..0 measure : chr(0)
4 ..Q@ state.variable : chr "x"
. ..Q@ jump.variable : chr(0)
E ..0 time.variable : chr "t"
4 ..0@ noise.number : num 1
. ..@ equation.number: int 1
: ..Q dimension : int [1:6] 201100
Y ..0@ solve.variable : chr "x"
. ..@ xinit : num O
. ..Q J.flag : logi FALSE
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> mod2

Automatic extraction of the parameters for further inference

Diffusion process

Number of equations: 1

Number of Wiener noises: 1
Parametric model with 2 parameters
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2-dimensional diffusions with 3 noises

Overview of the yuima

package ; dth — _Sthdt —|— thl —|— XEthS
oy e vne dX7 = — (X} +2X7)dt + X[ dW}! + 3dW}

What is possible to do
with a yuima object in
hands?

has to be organized into matrix form

aw}

How does it work? §
: dXx} —3X} 1 0 X?
YUIMA Law : t _ t t 2
ICD)?mpound Poisson § ( dXt2 > o ( _XI;L _ 2X752 > dt + ( XI;[ 3 O > 3%%
ocess E t

Inference

Inference

sol <- c("x1","x2") # variable for numerical solution

a <- c("-3*xx1","-x1-2*xx2") # drift vector

b <- matrix(c("1","x1","0","3","x2","0"),2,3) # diffusion matrix
mod3 <- setModel(drift = a, diffusion = b, solve.variable = sol)
mod3

vV V V V V

Diffusion process
Number of equations: 2
Number of Wiener noises: 3
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2-dimensional diffusions with 3 noises
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> str(mod3)
Formal class ’yuima.model’ [package "yuima"] with 16 slots

..0

drift

dX} = -3X/}dt + dW} + X dW}
dX? = —(X} +2X3)dt + X} dW} + 3dW?

..0 diffusion

© 0 © © ©

© 0 0 0o oo o

expression((-3 * x1), (-x1 - 2 * x2))
:List of 2

..$ : expression(l, 0, x2)
..$ : expression(xl, 3, 0)
hurst : num 0.5
jump.coeff expression()
measure : 1ist QO
measure.type : chr(0)
parameter :Formal class ’model.parameter’ [package "yuima"] with 6 slots

..0 all : chr(0)

@ common : chr(0)
..Q diffusion: chr(0)
..Q drift : chr(0)
@ jump : chr(0)

. ..0 measure : chr(0)
state.variable : chr "x"
jump.variable : chr(0)
time.variable : chr "t"
noise.number : int 3
equation.number: int 2
dimension : int [1:6] 00 0 0 0 O
solve.variable : chr [1:2] "xi" "x2"
xinit :num [1:2] 0 O
J.flag : logi FALSE 2018 -31/65



Plot methods inherited by zoo
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> set.seed(123)
> X <- simulate(mod3)
> plot(X,plot.type="single",col=c("red","blue"))
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Multidimensional SDE
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Also models likes this can be specified

)

dx} = x2 |x}** awy,
dX? = g(t)d X}, ,
L dXP = XP(pdt + o(pdWE + /1 — p2dW?))

where g(t) = 0.4 + (0.1 +0.2t)e" %

_/\

The above is an example of parametric SDE with more equations than noises.
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Fractional Gaussian Noise dY; = 3Y;dt + dWH

> mod4 <- setModel(drift="3xy", diffusion=1, hurst=0.3, solve.var="y")
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Fractional Gaussian Noise dY; = 3Y;dt + dWH

> mod4 <- setModel(drift="3*y", diffusion=1, hurst=0.3, solve.var="y")
The hurst slot is filled

> mod4

Diffusion process with Hurst index:0.30
Number of equations: 1
Number of Wiener noises: 1

> str(mod4)
Formal class ’yuima.model’ [package "yuima"] with 16 slots

..0 drift : expression((3 * y))
..0 diffusion :List of 1

.. ..$ : expression(1)

..0 hurst : num 0.3

..Q@ time.variable : chr "t"

..0@ noise.number : num 1

..0 equation.number: int 1

..Q@ dimension : int [1:6] 0 0 0 0 0 O
..0 solve.variable : chr "y"

..0 xinit : num O

..0 J.flag : logi FALSE
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Fractional Gaussian Noise dY; = 3Y;dt + dIW/
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> mod4 <- setModel(drift="3*y", diffusion=1, hurst=0.3, solve.var="y")
> set.seed(123)

> X <- simulate(mod4, n=1000)

> plot(X, main="I’m fractional!")

I’'m fractional!

0.0 0.2 0.4 0.6 0.8 1.0
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Jump processes
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Jump processes can be specified in different ways in mathematics (and hence
In yuima package).

Let Z; be a Compound Poisson Process (i.e. jumps follow some distribution,
e.g. Gaussian)

Then is is possible to consider the following SDE which involves jumps

dXt = a(t, Xt, H)dt + b(t, Xt, H)th + C(t, Xt, H)dZt

Next is an example of Poisson process with intensity A = 10 and Gaussian
jumps.

In this case we specify measure.type as “CP” (Compound Poisson)
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Jump process: d X; = —0.X;dt + odW; + Z;

Overview of the yuima ) " " . . "o "
package : > mod5 <- setModel(drift="-theta*x", diffusion="sigma",

, . jump.coeff="1", measure=list(intensity="10", df=1list("dnorm(z, 0, 1)")),
What contains a yuima .
object ? : measure.type="CP", solve.variable="x")
o e . > set.seed(123)
mm;;;gﬁi;;;x% : > X <- simulate(modb, true.p=list(theta=1,sigma=3),n=1000)
hands? : > plot(X, main="I’m jumping!'")

How does it work?

YUIMA Law I'm iumbina!
Compound Poisson jumping:
Process
Inference s o
Inference
Ao |
I
<|f _
>
© _|
I
o _|
I
[ [ [ [ [ [
0.0 0.2 0.4 0.6 0.8 1.0
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Another way is to specify the Lévy measure. Without going into too much
details, here is an example of a simple OU process with IG Lévy measure
dX; = —Xidt + dZ;

> mod6 <- setModel(drift="-x", xinit=1, jump.coeff="1",
measure.type="code", measure=list(df="rIG(z, 1, 0.1)"))

> set.seed(123)

> plot( simulate(mod6, Terminal=10, n=10000), main="I’m also jumping!")

I’'m also jumping!

20

15

10
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The setModel method
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Models are specified via
setModel (drift, diffusion, hurst = 0.5, jump.coeff, measure, measure.type,
state.variable = "x", jump.variable = "z", time.variable = "t",

solve.variable, xinit) 1IN

dXt = CL(t, Xt, H)dt -+ b(t, Xt, H)th + C(t, Xt, H)dZt

The package implements many multivariate RNG to simulate Lévy paths
including rIG, rNIG, rbgamma, rngamma, rstable.

Other user-defined or packages-defined RNG can be used freely.
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setModel (drift, diffusion, hurst = 0.5, jump.coeff, measure, measure.type,
state.variable = "x", jump.variable = "z", time.variable = "t",

solve.variable, xinit) 1IN

dXt = CL(t, Xt, H)dt -+ b(t, Xt, G)th + C(t, Xt, H)dZt

The package implements many multivariate RNG to simulate Lévy paths
including rIG, rNIG, rbgamma, rngamma, rstable.
Other user-defined or packages-defined RNG can be used freely.
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YUIMA Law object

The yuimaLaw object is a mathematical description of probability models which include also the
RNG, quantiles, characteristic function, etc.

Constructor Object Methods

@rng ...

@density ...
> @cdf..

@quantile ...

@characteristic ...
@param.measure ...

Ny
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YUIMA Law constructor

The yuimaLaw object is prepared with some constructor function setLaw where the user can
specify all or part of its components.

Inputs: —_—— setLaw —_—— Output

rng(n, param, time.var)

a function used for generating random
numbers for the noise. Useful in the SDE
simulation

/denSIty(x param, time.var)
a function that is the density of the

underlying noise. It can be used in the MLE
\procedure

Cdf(qr param, time-var) / -
[quant(q, param, time.var) ’

[Characteristic(u, param, time.var) J
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YUIMA Law constructor

The yuimaLaw object is prepared with some constructor function setLaw where the user can
specify all or part of its components; in the example, only the RNG has been specified:

> my.randMixedTS <- function(n, a,alpha, lambda_p, lambda_m, t {
par <- setMixedTS.param(muO = 0, mu = O, sigma = 1, a = a * t,

alpha = alpha, lambda_p = lambda_p, lambda_m = lambda_m)
rand <- rMixedTS(object = par, x=n)@Data
return(as.matrix(rand))

+
> my.L <- setlLaw(rng = my.randMixedTS)
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YUIMA Law constructor

Suppose we want to specify and simulated this model:

dX; = 0.4(0.1 — X;)dt + 0.2d L,

where L; has a mixed tempered stable distribution.

> modl <- setModel(drift = c("0.4%(0.1-X)"), diffusion = c("0"), jump.coeff = c("0.2"),
measure = list(df = my.L), measure.type = c("code"), solve.variable = c("X"), xinit=c("0.1"))
> par <- par <- list(a = 1.5, alpha = 1.5, lambda_p = 1, lambda_m = 1)
> siml <- simulate(object = modl, true.parameter = par,
sampling = setSampling(0,250, n = 2500))
> plot(siml)

05
|

00

05

-10
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Compound Poisson Processes

There is a simplified way to specify directly Compound Poisson Processes using setPoisson.
The next code defines and simulates an inhomogeneous Compound Poisson Process with
Gaussian jumps:

> samp <- setSampling(Terminal=10, n=1000)
> mod7 <- setPoisson(intensity="beta*(1+sin(lambdax*t))", df=1list("dnorm(z,0,1)"))
> f <- function(t) betax*x(1+sin(lambdaxt))
> set.seed(123); lambda <- 3; beta <- 5
> y7 <- simulate(mod7, true.par=list(lambda=lambda, beta=beta),sampling=samp)
> plot(y7); curve(f, 0, 10, col="red",n=500)
o _
o —
0o —
C\Il_
P
ﬂl'_
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©o _|
. o _
Cp_
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Hawkes Process and beyond

Let IV, is a Poisson process, with Ay = f(f A(s)ds. Assume further that A(¢, Ny, X;) is
stochastic and dependent also on the process itself (feedback effect) and some other covariate

process X; (regression model).
An Hawkes process Y; is a Point Process Regression (PPR) Model consisting of

Y}/ — [Xt7 Nt]T

More precisely, the intensity function of N; can be described as

Ne=g(t.Yi,0)+ | K(t—sY,6)dY,
o
b X
f— g(t, [Xt, Nt]T, 9) —+ K(t — S, [Xt, Nt]T, (9) d( NS )
to S

The function g(t, Y%, 0) is a non negative predictable process K (t — s, Y, 6) is a non-negative

predictable matrix process.
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Hawkes Processes

}Q ::[7%762t7fviyr

¢
At = exp (o + p1 - In(14+7¢) + po - In(1 4+ Qy)) + / c-e vt N,
0

> my.rMTY <- function(n,t){
resO <- t(t(rgamma(n, 0.1%t)))

resl <- t(t(rgamma(n, 0.1%t)))

res2 <- t(t(rep(1,n)))

res <- cbind(resO,resl,res2)

return(res)

+

> Law.MTY <- setlLaw(rng = my.rMTY) # we prepare the law

# we prepare the covariate process

> modMTY <- setModel(drift = c("0.4%(0.1-Q)",".4%(0.1-R)","0"), diffusion = c("O","0O","0"),
jump.coeff = matrix(c("l","O","O","O","l","O","O","O","1"),3,3),
measure = list(df = Law.MTY), measure.type = c("code","code","code"),
solve.variable = c("Q","R","N"), xinit=c("0.25","0.25","0"))
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Hawkes Processes

}/t — [Tt7 Qt7 Nt]T

t
At = exp (o + p1 - In(14+7¢) + po - In(1 4+ Qy)) + / ¢ e "IN,
0

> gFun <- "exp(muO + mul*log(1+R)+mu2*log(1+Q))"
> Kernel <- "cxexp(-a*x(t-s))"

# definition of Hawkes process

> prvMTY <- setPpr(yuima = modMTY, counting.var="N", gFun=gFun, Kernel = as.matrix(Kernel),
lambda.var = "lambda", var.dx = "N", lower.var="O", upper.var = "t")
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Let Z; is a Lévy process and p, g non-negative integers such that p > g > 0.
The CARMA(p,q) process (see Brockwell, 2001) is defined as:
a(D)Yy =b(D)DZ; (1)

D is the differentiation operator with respect to ¢ while a (-) and b () are two
polynomials:

a(u) =uf + a4+ a,
b(u) = b+ byu' + -+ b, juf

where a1;--- ;a, and by, - - - , b, are coefficients such that b, # 0 and
bj =0Vy >q.
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CARMA(p,q): state-space representation

It is more convenient to use the following state space representation of a CARMA(p,q) model
Y; =bTX;

where X; is a vector process of dimension p satisfying the following system of stochastic

differential equations:
dXt = AXtdt + edZt

with A is the p X p matrix defined as:

0 1 0 0
0 0 1 0
A = :
0 0 0 1
| —ap —Qp_1 —Qp_2 ... —ai |
The p x 1 vectors e and b are respectively: e = [0,...,0,1]Tand b = [bg, ..., b,_1]T.
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Back to CARMA: the yuima. carma class

An object of the class yuima. carma contains all informations related to a general linear state
space model that encompasses the CARMA model described in the previous slides. The
mathematical description of this general model is given by the following system of equations:

Y = pt+o-blX;
dXt = AXtdt + e ("}/0 + ’}/TXt) dZt
(2)
where y € Rand o € (O, +oo) are location and scale parameters respectively. The vector
b € RP contains the moving average parameters bg, b1,...,b; # 0,b441 = -+ -b,—1 =0

while the A is a p X p matrix whose last row contains the autoregressive parameters
ai,...,ap; Aand e are as before.
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The setCARMA function

We use the constructor setCARMA for building an object of class yuima. carma.

The arguments used in a call to the constructor setCARMA () are:

setCARMA(p,q,loc.par=NULL,scale.par=NULL,ar.par="a",ma.par="b",
lin.par=NULL,CARMA.var="v",Latent.var="x",XinExpr=FALSE, ...)

B pis ainteger number the indicates the dimension of autoregressive coefficients.

N q is the dimension of moving average parameters.

B XinExpr is alogical variable. If XinExpr=FALSE, the starting condition of X is zero otherwise each component of X has a
parameter as a starting point.

By default setCARMA build a CARMA model driven by a standard Brownian motion.
The dots arguments are used to pass information when the underlying noise is a (jump) Lévy process. In particular
the following two arguments are necessary

B measure Lévy measure of jump variables.
B measure.type type specification for Lévy measure. "CP" for compound poisson, "code" for other Lévy processes such as
Inverse Gaussian, Normal Inverse Gaussian, Gamma, Variance Gamma, Bilateral Gamma and etc.

For an object of yuima. carma methods for simulation (simulate) and for estimation (qmle) are available and they

are based on the state space representation.
Yuima Team 2018 2018 -55/65



The setCARMA function

Assume that we want to build a CARMA(p=3,g=1) model driven by a standard Brownian Motion
with location parameter. In this case, the state space model in (2) can be written in a explicit way
as follows:
Y: = boXot + b1 X1
dXo; = Xq.dt
dX1; = Xodi

dXo; = [—a3Xor — ae X1 — a1 Xo ] dt + dZ;

where Z; = W is a Wiener process. For this reason, we instruct yuima to create an object of
class yuima. carma using the code listed below.

> carma.mod <- setCARMA(p=3,9=1,loc.par="c0",CARMA.var="y",Latent.var="X")
> carma.mod

CARMA process p=3, qg=1

Number of equations: 4

Number of Wiener noises: 1

Parametric model with 8 parameters
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The setCARMA function

The CARMA(3,1) model is represented internally in yuima as:

Y, - boXot + b1 X1 0
Xo,t X1 0
d ’ — ’ dt + dZ 3
Xy, Xoy o |9 ©
| Xog | | —a3Xor—a2 Xip—a; Xoy 1]

Notice that, since we define the CARMA(p,q) model using the standard yuima mathematical
description, we need to rewrite the observable process Y; as a stochastic differential equation.
The location parameter ¢ is contained in the slot xinit where the starting condition of the

variable Y} is:
Yo = co + bpXo,0 + b1X1 0
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The setCARMA function

To ensure the existence of a second order solution, we choose the autoregressive coefficients
a := |a1, as, ag| such that the eigenvalues of the matrix A are real and negative. Indeed,

a1 = 4, a9 = 4.75 and ag = 1.5, it is easy to verify that the eigenvalues of matrix A are
)\1 = —0.5, )\2 — —1.5and )\3 = —2.

We now set the parameters, prepare the sampling scheme and simulate a trajectory of the
CARMA process

> par.carma <- list(al=4,a2=4.75,a3=1.5,b0=1,b1=0.23,c0=0)

> samp <- setSampling(Terminal=400, n=16000)

> set.seed(123)

> carma <-simulate(carma.mod, true.parameter=par.carma, sampling=samp)

we can now plot the simulated trajectory

> plot(carma)
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An example of CARMA(3,1) trajectory

y

X0

-06 -02 02 066 -02 02 06

X1

0.0 1.0-06 -02 0.2

X2

-1.5

0 100 200 300 400
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Example of CARMA(2,1) and VG jumps

In this case, the underlying Lévy is a Variance Gamma model (Madan, 1990). We setup the
model as follows

\4

modVG <- setCARMA(p=2,q9=1,CARMA.var="y",
measure=list("rngamma(z,lambda,alpha,beta,mu)"), measure.type="code")

true.parmVG <- list(al=1.39631, a2=0.05029, b0=1, bl=2, lambda=1, alpha=1, beta=0, mu=0)

set.seed(100)

simVG <- simulate(modVG, true.parameter=true.parmVG, sampling=samp)

plot (simVG)

vV V V V

we can now plot the simulated trajectory

> plot(simVG)
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An example of CARMA(2,1) & VG trajectory

-5 0 5 10
1 1 1 1 1

-15

x1
| |

-4 -2 0 2 410
]

0 100 200 300 400
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COGARCH(p,q)

The COGARCH(p,q) process, introduced in Brockwell et al (2006) is defined as:

( dG; = V/VidZ,

{ Vi=ap+a'Y (4)
| dY; = AY;_dt +e(ap+a'V;_)d[Z, 2]}
_ T T .
whereq > p >, Y = [Yi4,...,Ye¢ ,a=la1,...,ap,0p11,...,0q with
pt1 = - = aq =0,
0 1 .0 T
A=| . S
0 0o ... 1
| —by; —bg_1 ... —b1 |

e € R? contains zero entries except for the last component that is equal to one and

2, 2] = ) (AZ)?. (5)

0<s<t

is the discrete part of the quadratic variation of the underlying Lévy process.
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Yuima implementation

The constructor function is called setCogarch and it is quite similar to setCogarch. Suppose
se want to define a COGARCH(1,1) model with a Variance Gamma Lévy noise. We proceed as
follows:

> modell <- setCogarch(p =1, q = 1,

+ measure = list(df="rvgamma(z, 100, 2, .1, .1)"),

+ measure.type = '"code", Cogarch.var = "G", V.var = "v",

+ Latent.var = "x", XinExpr = TRUE)

> paraml <- list(al = 0.038, bl = 30, a0 = 0.01, x01 = 0)

> set.seed(123); plot( simulate(modell, true.parameter = paraml) )

G
02 02 06
I I |

x1

0.00 0.03 @a@BIOO 0.0115 -0.

0.0 0.2 0.4 0.6 0.8 1.0
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Inference for Stochastic Processes and much more

For all the models presented so far, there exists the gmle for Quasi-;aximum Likelihood
estimation which has an interface similar to the standard m1le with the only difference that
instead of a likelihood function, the input is one of the above yuima models.

The only exception is the fractional Gaussian case which makes use of gmm-type approach.

Hypotheses testing, AIC, Adaptive Bayes Estimation, Change Point analysis and much more
have been developed for general SDEs.
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Volatility Change-Point Estimation

Overviewofthe Yuma - Gonsider the mutldimensional diffusion process

Project

Overview of the yuima

dX; = b(02, X3)dt + o (61, X;)dW,

What contains a yuima
object ?

where 1, is an r-dimensional standard Wiener process independent of the
ety + initial value X = xg. Quasi-MLE assumes the following approximation of the
hands? . true log-likelihood for multidimensional diffusions

How it is supposed to
work?

Inference & Finance E Z (Xn7 9

Quasi Maximum
Likelihood Analysis

Adaptive Bayes where 6 = (91, (92), AXZ = th. — th._l, 21(91) = 2(91, th.),
Estimation E o L R2 R2 __ T -1 .
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QMLE example

To estimate a model we make use of the gmle function. Consider the model

dX; = -0, X;dt + 61dWWV;
with 8; = 0.3 and 65 = 0.1

diff.matrix <- matrix(c("thetal"), 1, 1)

ymodel <- setModel(drift = c("(-1)*theta2+*x"), diffusion = diff.matrix,
time.variable = "t", state.variable = "x", solve.variable = "x")

n <- 100

ysamp <- setSampling(Terminal = (n)~(1/3), n = n)

yuima <- setYuima(model = ymodel, sampling = ysamp)

set.seed(123)

yuima <- simulate(yuima, xinit = 1, true.parameter = list(thetal = 0.3, theta2 = 0.1))

vV VV VYV 4+ VYV

Now yuima contains information about the model and the simulated data.
The true values of the parameters 61 and 65 were specified for the simulation, but unknown to
the yuima object.
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QMLE example

we can now call gmle on the yuima object which now contains informations about the model
and the data.

> mlel <- gmle(yuima, start = list(thetal = 0.8, theta2 = 0.7),
+ lower = list(thetal=0.05, theta2=0.05), upper = list(thetal=0.5, theta2=0.5),
+ method = "L-BFGS-B")
> coef (mlel)
thetal theta2

0.30766981 0.05007788
> summary(mlel)
Maximum likelihood estimation

Call:

gmnle(yuima = yuima, start = list(thetal = 0.8, theta2 = 0.7),
method = "L-BFGS-B", lower = list(thetal = 0.05, theta2 = 0.05),
upper = list(thetal = 0.5, theta2 = 0.5))

Coefficients:

Estimate Std. Error
thetal 0.30766981 0.02629925
theta2 0.05007788 0.15144393

-2 log L: -280.0784
53/7??



Overview of the Yuima
Project

Overview of the yuima
package

What contains a yuima
object ?

What is possible to do
with a yuima object in
hands?

Asymptotic Expansion

How it is supposed to
work?

Inference & Finance

Quasi Maximum
Likelihood Analysis

Adaptive Bayes
Estimation

Change-point Analysis

Asymptotic Expansion

Asynchronous covariance
estimation

LASSO estimation &
model selection

64 /??



Estimation of functionals
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The yuima package can handle asymptotic expansion of functionals of
d-dimensional diffusion process

dX; = a(X7,e)dt + b( X7, e)dW,, €€ (0,1]
with T¥; and r-dimensional Wiener process, i.e. W; = (W, ..., W[).

The functional is expressed in the following abstract form

FEXD) =) | falX;, AW + F(Xie), W) =t
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Estimation of functionals. Example.

Overviewofthe uma = Example: B&S asian call option

Project

Overview of the yuima E c e e
package dX; = pX;dt + e X; dW;

What contains a yuima
object ?

L
whatispossibie oo ¢ @and the B&S price is related to [£ ¢ max T / X;dt — K,0 ) ;. Thus the
: 0

with a yuima object in
hands?

functional of interest is

How it is supposed to
work?

: 1 7
Inference & Finance § F‘S (Xf) — — Xf dt, T = ]_
Quasi Maximum E T 0

Likelihood Analysis .

Adaptive Bayes
Estimation

Change-point Analysis

Asymptotic Expansion

. °
Asynchronous covariance 1
estimation

LASSO estimation &
model selection
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Estimation of functionals. Example.

Overview of the Yuima
Project

Overview of the yuima
package

What contains a yuima
object ?

What is possible to do
with a yuima object in
hands?

How it is supposed to
work?

Inference & Finance

Quasi Maximum
Likelihood Analysis

Adaptive Bayes
Estimation

Change-point Analysis

Asymptotic Expansion

. °
Asynchronous covariance 1

estimation

LASSO estimation &
model selection

Example: B&S asian call option

dXE = pXedt + e XEdW,

1 T
and the B&S price is related to £ {max (T / X;dt — K, O) } Thus the
0

functional of interest is
1 T
F?(X5) = —/ Xedt, r=1
T Jo

with

folx,e) = =, filz,e) =0, F(x,e)=0

N8

T

FE(XF) = / Fal X2, d)AWE + F(XF,¢)

«

I
-]
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Estimation of functionals. Example.

Overview of the Yuima
Project

Overview of the yuima
package

What contains a yuima
object ?

What is possible to do
with a yuima object in
hands?

How it is supposed to
work?

Inference & Finance

Quasi Maximum
Likelihood Analysis

Adaptive Bayes
Estimation

Change-point Analysis

Asymptotic Expansion

. °
Asynchronous covariance 1

estimation

LASSO estimation &
model selection

So, the call option price requires the composition of a smooth functional
1 T
FE(XF) = —/ Xedt, =1
T Jo
with the irregular function

max(x — K, 0)

Monte Carlo methods require a HUGE number of simulations to get the desired
accuracy of the calculation of the price, while asymptotic expansion of F'©
provides unexpectedly accurate approximations.

The yuima package provides functions to construct the functional F'*, and
automatic asymptotic expansion based on Malliavin calculus starting from a
yuima object.
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setFunctional method

Overview of the Yuima

with a yuima object in
hands? yuima <- setYuima(model = model, sampling = setSampling(Terminal=T, n=1000))

yuima <- setFunctional( yuima, f=f,F=F, xinit=xinit,e=e)

Project > diff.matrix <- matrix( c("x*e"), 1,1)
Overview of the yuima > model <- setModel(drift = c("x"), diffusion = diff.matrix)
package > T <- 1
What contains a yuima > xinit <- 1
object ? > f <- list( expression(x/T), expression(0))

>F <-0
What is possible to do S e <- 3

>

>

How it is supposed to
work?

Inference & Finance

Quasi Maximum
Likelihood Analysis

Adaptive Bayes
Estimation

Change-point Analysis

Asymptotic Expansion

Asynchronous covariance
estimation

LASSO estimation &
model selection
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setFunctional method

Overview of the Yuima

with a yuima object in

hands? yuima <- setYuima(model = model, sampling = setSampling(Terminal=T, n=1000))

yuima <- setFunctional( yuima, f=f,F=F, xinit=xinit,e=e)

yuima
yuima-class

yuima-class

Project > diff.matrix <- matrix( c("x*e"), 1,1)
Overview of the yuima > model <- setModel(drift = c("x"), diffusion = diff.matrix)
package > T <- 1
What contains a yuima > xinit <- 1
object ? > f <- list( expression(x/T), expression(0))

>F <-0
What is possible to do S e <- 3

>

>

How it is supposed to
work?

Inference & Finance

Quasi Maximum
Likelihood Analysis

model

data
sampling
characteristic
functional

Adaptive Bayes
Estimation

Change-point Analysis |

model sampling data functional
yuima.model yuima.sampling yuima.data yuima.functional

yuima.model yuima.sampling yuima.data yuima.functional

Asymptotic Expansion

Asynchronous covariance

estimation drift Initial original.data

diffusion Terminal zoo.data
hurst n

LASSO estimation &
model selection

measure delta

measure.type grid
state.variable random

parameter regular characteristic 0o
state.variable sdelta yuima.characteristic 68/ ?7




setFunctional method

Overview of the Yuima

with a yuima object in
hands? yuima <- setYuima(model = model, sampling = setSampling(Terminal=T, n=1000))

yuima <- setFunctional( yuima, f=f,F=F, xinit=xinit,e=e)

Project > diff.matrix <- matrix( c("x*e"), 1,1)
Overview of the yuima > model <- setModel(drift = c("x"), diffusion = diff.matrix)
package > T <- 1
What contains a yuima > xinit <- 1
object ? > f <- list( expression(x/T), expression(0))

>F <-0
What is possible to do > o <- .3

>

>

How it is supposed to
work?

the definition of the functional is now included in the yuima object (some
output dropped)

> str(yuima)
Formal class ’yuima’ [package "yuima"] with 5 slots

Inference & Finance

Quasi Maximum
Likelihood Analysis

Adaptive Bayes ..@ data :Formal class ’yuima.data’ [package "yuima"] with 2 slots
Estimation ..@ model :Formal class ’yuima.model’ [package "yuima"] with 16 slots
..Q sampling :Formal class ’yuima.sampling’ [package "yuima"] with 11 slots

Change-point Analysis ..Q@ functional :Formal class ’yuima.functional’ [package "yuima"] with 4 slots
..QF : num O

Asymptotic Expansion .0 f :List of 2

, ..$ : expression(x/T)
Asynchronous covariance .
e ..$ : expression(0)

estimation i
..0 xinit: num 1

LASSO estimation & --Ce : num 0.3

model selection
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Overview of the Yuima
Project

Overview of the yuima
package

What contains a yuima
object ?

What is possible to do
with a yuima object in
hands?

How it is supposed to
work?

Inference & Finance

Quasi Maximum
Likelihood Analysis

Adaptive Bayes
Estimation

Change-point Analysis

Asymptotic Expansion

Asynchronous covariance

estimation

LASSO estimation &
model selection

Estimation of functionals. Example.

Then, it is as easy as
> FO <- FO(yuima)

> FO

[1] 1.716424
> max (FO0-K,0)
[1] 0.7164237

# asian call option price
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Estimation of functionals. Example.

Overview of the Yuima § Then, it is as easy as

Project

Overview of the yuima ¢ > FO <= FO (YUima)
package E > FO
What contains a yuima [1] 1.716424

object ? § > max(F0-K,0) # asian call option price
. [1] 0.7164237

What is possible to do

wihayuimachiectin. 3 gnd back to asymptotic expansion, the following script may work

hands?

How it is supposed to > rho <- expression(O)
work? > get_ge <- function(x,epsilon,K,F0){
Inference & Finance + tmp <= (FO - K) + (epSilon * X)
+ tmp[(epsilon * x) < (K-F0)] <- 0
Quasi Maximum
Likelihood Analysis + return( tmp )
+ }
Adaptive B .
Cotmation > K <= 1 # strike
> epsilon <- e # noise level
Change-point Analysis > g <- function(x) {
Asymptotic Expansion + tmp <- (FO - K) + (epsilon * X)
, ; + tmp[(epsilon * x) < (K-F0)] <- 0
Asynchronous covariance 1
estimation + tmp
+ }

LASSO estimation &
model selection
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Add more terms to the expansion

Overview of the Yuima
Project

Overview of the yuima
package

What contains a yuima
object ?

What is possible to do
with a yuima object in
hands?

How it is supposed to
work?

Inference & Finance

Quasi Maximum
Likelihood Analysis

Adaptive Bayes
Estimation

Change-point Analysis

Asymptotic Expansion

. °
Asynchronous covariance 1

estimation

LASSO estimation &
model selection

The expansion of previous functional gives

> asymp <- asymptotic_term(yuima, block=10, rho, g)
calculating dO ...done

calculating dl1 term ...done

> asymp$d0 + e * asymp$dl # asymp. exp. of asian call price

[1] 0.7148786

> library(fExoticOptions) # From RMetrics suite

> TurnbullWakemanAsianApproxOption("c", S =1, SA =1, X =1,
+ Time = 1, time = 1, tau = 0.0, r = 0, b =1, sigma =
Option Price:

[1] 0.7184944

> LevyAsianApproxOption("c", S =1, SA =1, X =1,
+ Time = 1, time = 1, r = 0, b = 1, sigma = e)
Option Price:

[1] 0.7184944

> X <- sde.sim(drift=expression(x), sigma=expression(e*x), N=1000,M=1000)
> mean(colMeans ((X-K)*(X-K>0))) # MC asian call price based on M=1000 repl.

[1] 0.707046 71/2?



Multivariate Asymptotic Expansion

Srvcf};ffw oftheuma 3 Agymptotic expansion is now also available for multidimensional diffusion
processes like the Heston model

Overview of the yuima
package

What contains a yuima § 1 ,E 1 ,E 1 ,E 2,8
: dX,° = aX,Cdt+eX,; /X TdW}
What is possible to do :

dX7° = o(d— X7%)dt + e/ X[ ° (de,} +/1— deWE)

How it is supposed to
work?

i.e. functionals of the form F(X 1 X2¥¢),

Inference & Finance

Quasi Maximum
Likelihood Analysis

Adaptive Bayes
Estimation

Change-point Analysis

Asymptotic Expansion

. °
Asynchronous covariance 1
estimation

LASSO estimation &
model selection
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Overview of the Yuima
Project

Overview of the yuima
package

What contains a yuima
object ?

What is possible to do
with a yuima object in
hands?

LASSO estimation & model selection

How it is supposed to
work?

Inference & Finance

Quasi Maximum
Likelihood Analysis

Adaptive Bayes
Estimation

Change-point Analysis

Asymptotic Expansion

Asynchronous covariance
estimation

LASSO estimation &
model selection
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LASSO estimation

Overview of the Yuima
Project

Overview of the yuima
package

What contains a yuima
object ?

What is possible to do
with a yuima object in
hands?

How it is supposed to
work?

Inference & Finance

Quasi Maximum
Likelihood Analysis

Adaptive Bayes
Estimation

Change-point Analysis

Asymptotic Expansion

. °
Asynchronous covariance 1

estimation

LASSO estimation &
model selection

LASSO is nothing but estimation under constraints on the parameters. Usually
studied for the least squares estimation method, can be applied here using the
QMLE approach for the following diffusion model

dXt = b(Oz, Xt)dt + 0'(5, Xt)th

whereao € RP, € R, p,q>1
The target function is the minimization of H,, (v, 3) = minus the log of the
approximated likelihood,

p q
rgigl Hy (o, B) + ) Anjlagl + ) nkl Bl
! j=1 k=1

Lasso tries to set the maximal number of parameters to 0. In this sense
operates model selection jointly with estimation.

80/7?7?



Interest rates LASSO estimation examples

Overview of the Yuima
Project

Overview of the yuima
package

What contains a yuima
object ?

What is possible to do
with a yuima object in
hands?

LASSO estimation of the U.S. Interest Rates monthly data from 06/1964 to
12/1989. These data have been analyzed by many author including Nowman
(1997), Ait-Sahalia (1996), Yu and Phillips (2001) and it is a nice application of

How it is supposed to
work?

Inference & Finance

Quasi Maximum
Likelihood Analysis

Adaptive Bayes
Estimation

Change-point Analysis

Asymptotic Expansion

. °
Asynchronous covariance 1

estimation

LASSO estimation &
model selection

LASSO.
Reference Model v
Merton (1973) dX: = adt + cdW4 0
Vasicek (1977) dX: = (a+ X¢)dt + odWy 0
Cox, Ingersoll and Ross (1985)  dX¢ = (a + SX¢)dt + o/ X dWy 1/2
Dothan (1978) dX: = o X dWt 1
Geometric Brownian Motion dX; = 8Xidt + o X dWy 1
Brennan and Schwartz (1980) dX: = (a+ X¢)dt + o X dWy 1
Cox, Ingersoll and Ross (1980) d.X; = aXfdet 3/2
Constant Elasticity Variance dX: = pX¢dt + anth
CKLS (1992) dX: = (a + BXy)dt + o X, dW,
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Interest rates LASSO estimation examples

gr‘g,;‘gfw ofthe Yuima Model Estimation Method o B o ol
: Vasicek  MLE 4.1889 -0.6072 0.8096 -

Overview of the yuima
package

CKLS Nowman 2.4272 -0.3277 0.1741 1.3610
What contains a yuima
S : CKLS  Exact Gaussian 20069  -0.3330  0.1741  1.3610
Whatis possible todo (Yu & Phillips) (0.5216)  (0.0677)
with a yuima object in .
hands?

CKLS QMLE 2.0822 -0.2756 0.1322 1.4392

How it is supposed to

(0.9635)  (0.1895)  (0.0253)  (0.1018)

work?

TR R CKLS  QMLE + LASSO 15435  -0.1687  0.1306  1.4452
Quasi Maximum with mild penalization (0.6813) (0.1340) (0.0179)  (0.0720)
Likelihood Analysis o

Adaptive Bayes E CKLS  QMLE +LASSO 05412 0.0001  0.1178  1.4944
~stimation : with strong penalization ~ (0.2076)  (0.0054)  (0.0179)  (0.0720)

Change-point Analysis

LASSO selected: Cox, Ingersoll and Ross (1980) model

Asymptotic Expansion

synchronous covariance E 1
; dX = Sdi +0.12- X7 AW,

LASSO estimation &
model selection
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Example of Lasso estimation

Overviewofthe uma = An example of Lasso use on real data with CKLS model

Project

Overview of the yuima

dX, = (a + BX,)dt + o X AW,

What contains a yuima
object ?

What is possible to do

with a yuima object in > library (Ecdat)

?
hands > data(Irates)
How it is supposed to > rates <- Irates [, ||r1n]
work?

> plot(rates)

Inference & Finance > require(yuima)
Quasi Maximum > X <- window(rates, start=1964.471, end=1989.333)
Likelihood Analysis > mod <- setModel(drift="alphatbeta*x", diffusion=matrix("sigma*x“gamma",1,1))
Adaptive Bayes > yuima <- setYuima(data=setData(X), model=mod)
Estimation
Change-point Analysis -
Asymptotic Expansion
Asynchronous covariance E =
estimation
LASSO estimation & i
model selection

1950 1960 1970 1980 1990
83/??



Adaptive sequences: )\, = )¢/ én; én = QMLE.

Overview of the Yuima
Project

Overview of the yuima
package

What contains a yuima
object ?

What is possible to do
with a yuima object in
hands?

How it is supposed to
work?

Inference & Finance

Quasi Maximum
Likelihood Analysis

Adaptive Bayes
Estimation

Change-point Analysis

Asymptotic Expansion

. °
Asynchronous covariance 1

estimation

LASSO estimation &
model selection

lambdaO <- list(alpha=10, beta =10, sigma =10, gamma =10)

start <- list(alpha=1, beta =-.1, sigma =.1, gamma =1)

low <- list(alpha=-5, beta =-5, sigma =-5, gamma =-5)

upp <- list(alpha=8, beta =8, sigma =8, gamma =8)

lassol0 <- lasso(yuima, lambdaO, start=start, lower=low, upper=upp,
method="L-BFGS-B")

V V V V V

Looking for MLE estimates...
Performing LASSO estimation...

> round(lassol0$mle, 3) # QMLE
sigma gamma alpha  beta
0.133 1.443 2.076 -0.263

> round(lassol10$lasso, 3) # LASSO
sigma gamma alpha beta
0.117 1.503 0.591 0.000

dX; = (a+ BXy)dt + o X,/ dW;

3
dX, = 0.6dt + 0.12X2dW;
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For further information

Stefano M. lacus

httD //WWW yU | ma— D rOJ eCt . Com Nakahiro Yoshida

yuimaGUI

He
Here you can load financial and economic data.

For stock data choose Yahoo source using symbols you can find here
Financial & Economic Data  For currencies and metals select Oanda source and type the two symbols divided by '/ (i.e. EUR/USD or XAU/USD ). Symbols are available here
Economic series are available on Federal Reserve Bank of St. Louis . Find symbols as shown in this exampl

ca Multiple symbols are allowed if divided by empty space and/or commas (i.c. AAPL FB CSCO or AAPL FB,CSCO)
Explorative Data Analys: _ 5

Data /O v

Insert Symbol

Mod

FB, AAPL, CSCO, “DJI, “FTSE, “GSP(

A Comprehensive R Framework for
SDEs and Other Stochastic Processes

Simulate

Download data from

Finance

yuimaGUI

H
Here you can estimate models and/or define new ones. @ Sprlnger
To estimate models simply click those you are interested in and select data you wish to model

You can customize the estimation process by clicking on buttons 'Set Range' and 'Advanced Settings’

Some default models are available but you can set your own model (tab 'Set model’) and use it for estimation and/or simulation purposes.
Estimated models are shown in tab ‘Estimates’

Data VO

Explorative Data Analysi

Modeling

§
Univariate

s " < et mod Estimates

Model Class

Models to estimate:

dX, = pX, dt+oX, dW,
dX, = (61 + 02X,) dt + O: X dW,

CSCO.Adjusted

Available data Selected data
CSCO.Adjusted -

Symb Symb Select some data from the table beside

CSCO.Low 1990-03-26 2016-08-09 No data available in table

Apply [ sepiyan

CSCO.High 1990-03-26 2016-08-09

CSCO.Close

1990-03-26 2016-08-09

1990-03-26

2016-08-09

CSCO.Adjusted

CSCO.Adjusted - Percentage Increments

Delete All

yuimaGUI is also available!




Emanuele Guidotti Stefano M. lacus Lorenzo Mercuri




Complexity Level

Deep scientific knowledge Research level




Typical Usage of yuimaGUI

yuimaGUI =
# Home
& Daato : Welcome on yuimaGUI
N Explorative Data Amalyas < nwmwhmdﬁl
§
F Modeling ¢
W Stmulate < Get acquainted with yuimaGUI and learn how to best exploit it in a few simple steps:

Step 1

Load data you wish to analyze (section 'Data 1/O").

An casy way to load economic data (i.c. GDP) or financial series (stocks and shares) directly from the Internet is provided. Otherwise you can load data
Fmance <«  from your own files.

Once data are loaded, you can go and use sections "Explorative Data Analysis' and "Modeling'.

Step 2

Model your data in section ‘Modeling'.

Here you can fit models to data ing between some default options but also defining and using your own model.

Now you are ready to use the estimated s for simulation purposes i section "Simulate’,

Step 3

Read the short explanation at the beginning of every (sub)section.
Developed by
Emanucle Guidotti

in collaboration with
Stefano M. lacus & Lorenzo Mercun

Loading Data ——— Explorative Data Analysis ———— Modeling ——— Simulation
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Financial & Economic Data

yuimaGUI =

N Hooe

Here you can load financial and economic data.

Far stock data choose Yaboo source usng symbols you can find here
» Foancial & Economic Data For currencies and metals select Oanda source and type the two symbols divaded by '/ (1. ¢. EUR/USD or XAU/USD ) Symbols are avaslable bere
Ecomomsc senies are avamlable on Federal Reserve Bank of St Louis | Find symbols as shown i thas example

& Duta VO v

SR Multiple symbols are allowed if dsvided by emapty space and/or comaas (1 ¢ AAPL FB CSCO or AAPL FB CSCO)
N Exglomtsve Duta Asalyns < 5
W Modebing z Insert Symbol

M Sumdate

Download data from

Fizance

§
g

.

g
:

Loading Data



Financial & Economic Data

yuimaGUI =

# Hooe

Here you can load financial and economic data.

Far stock data choose Yaboo source usng symbols you can find here
» Feancial & Fconomic Data For currencies and metals select Oanda source and type the two symbols divaded by '/ (1. ¢. EURUSD or XAU/USD ) Symbols are avaslable here
Ecomomsc senes are avalable on Federal Reserve Bank of St Louis | Find symbols as shown = thas example

& Duta VO v

» Your Duta

Multiple symbols are allowed if dsvided by emapty space and/or comeas (1 ¢ AAPL FB CSCO or AAPL FB CSCO)
N Exglomtyve Duta Asalyns < §
3 Modelue <
Al yyrrboks downloaded worrssdilly x
» Suzclate -
Insert Synsbol
P Aun, coc i e s | .
pa—— Download data from I
Source e &

(T

Lood dote

-

'

Chart Seale

Sywib

FB.Open

Loading Data



yuimaGUI
# Heese
& Duta VO
: ) : %
» Your Duta

Fiance

Your Data

Here you can load data from your own files.

Plesse upload your file and specify 1ts structure. A preview will be shown below

First, declare if the file contasns raw and/or column headers and specify what kand of field separator has to be used 1o read damta

Each columa will be uploaded as a different senes. So you nmght want to switch columes with rows of your file s crgasized defferently
Finally specify what column to use to mdex senes and sts format

s
Choose file to upload
| Scegh ke | Nes=un file selezionato

Headers

2

Switch rows,/ colunmns

ndex

g
]
g
:
£

Loading Data



Loading Data —— Explorative Data Analysis



Change Point Estimation

yuimaGUI =

# Hoze
Sy Here you can estimate change points.
Select data for whuch you want 1o estzmate change pownts froen table ‘Avalable Data’
M Explontiee Data Amlysis ~ Then choose the algorithen you want 1o use for the estumation

Results will be shown below by plotting serses and detected change points

* Quoge Poust Estination

Available data Selected data

Fizance

Loading Data — Explorative Data Analysis



Change Point Estimation

yuimaGUI =

# Hooe

Here you can estimate change points.

Select data for whuch you want 1o estzmate change pownts froen table ‘Avalable Data’
M Explontve Data Amlysis ~ Then choose the algorithen you want 1o use for the estumation
Results will be shown below by plotting serses and detected change points

& Data 1O

* Quoge Poust Estination

Available data Selected data

. T

Method

p-vakue (%)

Fiance

I'

Start Estmation

Loading Data — Explorative Data Analysis



Change Point Estimation

Loading Data — Explorative Data Analysis




Change Point Estimation

Scale

Loading Data — Explorative Data Analysis




Clustering

yuimaGUI =

N Hoeze
Here you can perform clustering.

Select data you want 1o cluster from table "Avalable Data’
Then choose the dsstance you are mnterested i and the kind of lsnkage for the hserarchucal chuster analysis
Results will be shown below by plotting dendrogram and multidimensicaal scalmg outpat

pe Poves Fslisnaatioe §

& Data 1O

1] Exglonatyoe Data Azalyms v

Available data Selected data

Select some data from the table besde

Fiance

Loading Data — Explorative Data Analysis

Linkage

Distance




Clustering

yuimaGUI =

N Hoeze
Here you can perform clustering.

Select data you want 1o cluster from table "Avalable Data’
Then choose the dsstance you are mnterested i and the kind of lsnkage for the hserarchucal chuster analysis
Results will be shown below by plotting dendrogram and multidimensicaal scalmg outpat

- DutalO

1] Exglonatyoe Data Azalyms v

* Qustenng
Available data Selected data
S — ik
™ Samudate
Distance

Start Oustoring

Loading Data — Explorative Data Analysis



Clustering

Fizance

St Qustering
§
Dendrogram Multidimensional scaling
9
°

3
' f
\q & Save dendrograr J \ & Save chart J

Loading Data — Explorative Data Analysis



03

0.1

Clustering

Dendrogram

L= - )
@ @ @
L, L o
w w w
3 = 3,
L~ -} g -
< < <<
— s} o
— = 2
< b 44
- o

Loading Data — Explorative Data Analysis
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Univariate Modeling

yuimaGUI =
N Hooe
B Here you can estimate models and/or define new ones.

To estunate models sumply click those you are mterested 1 and select data you wish to model

M Exglontive Data Asalysis ¢ You can custormze the estumation process by chekmg on butions ‘Set Range’ and "Advanced Settmgy'
Some defanlt models are avmlable but you can set vour own model (tab "Set model’) and use 5t for estumation and'or ssmslation purposes
Estiznated models are shown m tab ‘Estimates’

i o e

Model Class

Froance ¢ —

§

s Sczudate

Avallable data Selected data

—

Select some data from the table beside ‘ Set R

BT T T TN e

Loading Data — Explorative Data Analysis > Modeling



Univariate Modeling

yuimaGUI =
N Hoes
& Here you can estimate models and/or define new ones.

To estunate models sumply click those you are mterested 1 and select data you wish to model
M Exglontive Data Asalysis ¢ You can custormze the estumation process by chekmg on butions ‘Set Range’ and "Advanced Settmgy'
. Some defanlt models are avmlable but you can set vour own model (tab "Set model’) and use 5t for estumation and'or ssmslation purposes
Estiznated models are shown m tab ‘Estimates’

¥ Modeling -
Rl
» Usvanate
™ Scsdate ! - Set model Estimates
Model Class
Fimance

Avalla : 5 Selected data

Symb Select some data from the table beside ( Set Range

BT TS T T R
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Univariate Modeling

yuimaGU| =
N Hoze
R e Here you can estimate models and/or define new ones.

To extumate models sunply chick those you are mterested m and select data you wish 1o model

You can customaze the estunation process by cheking on buttions Set Range' and "Advanced Settingy'

Some default models are avmlable but you can set your own model (tab "Set model’) and use 1t for estunation and/'or sumulation purposes
Estimamted models are shown i tab ‘Estisames’

- S : - s P

.§.

Model Class

B Vodelstoestimate:

dX X, dt + o X, dW,
Model Namse N X \

_ S &X:l b

Available data Selected data

Symb Seldect some data from the table bedde {

o dafa avakalie Ll

e — 8 s

Loading Data — Explorative Data Analysis > Modeling
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¥ Modeling
» Usivanate

™ Sczudate

Froance

Univariate Modeling

Here you can estimate models and/or define new ones.

To estunate models sumply click those you are mterested n and select data you wish to model

You can custonmze the estumation process by chekng on butions ‘Set Range’ and "Advanced Settangy'

Some defanlt models are avmlable but you can set your own model (tab "Set model’) and use st for estumation and'or ssmulation purposes
Estiznated models are shown m tab ‘Estimates’

R o i

Model Class

Models to estimate:

dX, = pX,dt + o X, dW,
dXe = (0 + 0:X,) dt + 0 X dW,

Model Name

Available data Selected data

CSCO Adpusied 19%0-03-2% 20160309

Set Range

Advanced Settings |

Start Nodets Estimation

Loading Data — Explorative Data Analysis > Modeling
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N Exglontyve Data Asalyus ¢

¥ Modeling -
» Usivanate

W Sczudate

Froance

Univariate Modeling

Here you can estimate models and/or define new ones.

To estumate models sumply click those you are miterested n and select data you wish to model

You can custonmze the estumation process by chekng on butions ‘Set Range’ and "Advanced Settangy'

Some defanlt models are avmlable but you can set yous own model (tab “Set model’) and use 5t for estimation and'or sumulation purposes
Estimated models are shown m tab ‘Estimates'

Stant estimation Set model -

€SCO.Adjusted
Moee Info

§

dX, = X, dt + o X, dW,

sigma mw

Clasa Model To

CSCO Adjusted | Difugion peocess Goometric Brownian Motion 2005022 20160809

Loading Data — Explorative Data Analysis > Modeling
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¥ Modeling
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™ Sczudate

Froance

Univariate Modeling

Here you can estimate models and/or define new ones.

To estumate models sumply click those you are miterested n and select data you wish to model

You can custonmze the estumation process by chekng on butions ‘Set Range’ and "Advanced Settangy'

Some defanlt models are avmlable but you can set yous own model (tab “Set model’) and use 5t for estimation and'or sumulation purposes
Estimated models are shown m tab ‘Estimates’

Start estimation Set model -

€SCO.Adjusted
Moee infp

§

dX, = (0, + 0:X,) dt + 0 X dW,

thetal thetat thetal theta2

Symb

CSCO Adpasted 2 CSCO Adpastnd DEfuson process Chan-Saroiyi-Longviat-Sanders (0L 200302-20 20160309 2631241

Loading Data — Explorative Data Analysis > Modeling



Building your model

yuimaGUI =

N Hoze

Here you can estimate models and/or define new ones.

To estunate models sumply click those you ase mterested n and select data you wish to model

N Exglontyve Data Asalyms < You can custommze the estumation process by chekmg on buttions "Set Range’ and "Advanced Settmngy’
Some defanlt models are avmlable but you can set your own model (tab “Set model’) and use st for estumation and'or ssmalation purposes
Estiznated models are shown m tab ‘Estimates’

o DutalO

¥ Modeling -

» Usivanate

8 Simaflate p Starnt estimation - Estimates
Model Class

o . Lo ¥
Model Name

dX ~ a(t,X,0) dt + b(t, X,0) dW

alt, X, 8) K¢, X, )
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Building your model

Here you can estimate models and/or define new ones.

To estumate models sumply click those you are mterested 1 and select data you wash to model

You can custommze the estumation process by chckmg on buttons ‘Set Range’ and "Advanced Settmgy’

Some defanlt models are avmlable but you cam set your own model (tab “Set model’) and use 5t for estimation and‘or ssmulation purposes
Estimated models are shown m tab ‘Estimates’

§

Start estimation - Estimates

Saved Models

Model Class
Model Name (dX,) = (cos(a-t+ ) )dt + [o]| (dW,)

dX = a(t, X,6) dt + b(t, X,0) dW Diiie Mot ]

alt, X,8) Kt X,0)
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Building your model
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Here you can estimate models and/or define new ones.

To estunate models sumply click those you are mterested n and select data you wish to model

N Exglontyve Data Asalyms ¢ You can custonmze the estumation process by chekmg on buttons ‘Set Range’ and "Advanced Settmgy’
Some defanlt models are avmlable but you can set your own model (tab "Set model’) and use st for estumation and'or ssmulation purposes
Estiznated models are shown m tab ‘Estimates’

o DutalO

¥ Modeling -

» Usivanate

e - Y o s

Model Class

BT Vodclstoesumate:

(dX,) = (cos{a-t+ f) )dt + [e] (dW,)

Model Name

Avallable data Selected data

14

FISE Agjusted 1984-01-03 20160706

BT T BT BT o e
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Simulate Estimated Model
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N Hoxze
Here you can perform simulations.

o DutalO

To sumulate models that have been estimated on data sumply select those you are iterested m from table "Avalable Models'

N Exglontyve Data Asalys

If you want 1o sumyulate a model that has not been estumated you can specify s parameters valoes i tab "Sunuste equation’ and select ot

You can custormize the sumulation process by clicking on buttons "Set Sumulation” and "Advanced Settangy’

Sumulatioss are shown 1 tab "Sumsulations”

$  Modelzg
e Suzuiste v
Simulate equation Simulations
»  Semslate
Available models
Fimance

Selected Models

Please select modeds frem the table above

Loading Data — Explorative Data Analysis

': Advanced Settings :I

> Modeling — Simulation
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¥ Modeluzg

™ Suzdste

»  Semulate

Froance

Simulate Estimated Model

Here you can perform simulations.

To samulate models that have been estimated on data sunply select those you are imterested m from table "Avalable Models'

If you want 1o sumvulate a model that has not been estumated you can specify sts parameters values i tab "Sumuste equation’ and select it
You can custonmze the sumulation process by clicking on buttons "Set Sumulation” and "Advanced Settangy’

Sumulations are shown 1 tab "Sumulations”

- Simulate equation Simulations

Available models

5

Selected Models

Sxrs !, St Smtation )

777 s, //,’ 7 ’ 7/ ,’/ //‘ [ Advanced Settings  :
S s S /Y y /7 o /' A /'/ /

Loading Data — Explorative Data Analysis > Modeling — Simulation
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Simulate Estimated Model

yuimaGUI =
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Here you can perform simulations.

To samulate models that have been estimated on data sunply select those you are imterested m from table "Avalable Models'

If you want 1o sumvulate a model that has not been estumated you can specify sts parameters values i tab "Sumuste equation’ and select it
You can custonmze the sumulation process by clicking on buttons "Set Sumulation” and "Advanced Settangy’

Sumulations are shown 1 tab "Sumulations”

Duta 1O
N Exglontyve Duta Asalyms <

¥ Modeluzg
e Sumzlate v

Simulate moded Simulate equation
»  Semulate -

Fiasace ? Jurgs Simulated to Estimated from Estimated to

§

Show Simulations Delete Al
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$  MNodeluzg
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Froance

Simulate Equation

Here you can perform simulations.

To sumulate models that have been estimated on data sumply select those you are iterested m from table "Avalable Models'

If you want 1o sumyulate a model that has not been estumated you can specify s parameters valoes i tab "Sunuste equation’ and select ot
You can custormize the sumulation process by clicking on buttons "Set Sumulation” and "Advanced Settangy’

Sumulations are shown 1 tab "Samulations”

Simulate model - Simulations

Class Model Name

(dX,) = (cos(a-t + f) )dt + o] (dW,;)

Selected Models

Pleare select models from the table above

Loading Data — Explorative Data Analysis > Modeling — Simulation



Simulate Equation

yuimaGUI =
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Here you can perform simulations.

o DutalO

To sumulate models that have been estimated on data sumply select those you are iterested m from table "Avalable Models'

N Exglontyve Data Asalys

If you want 1o sumyulate a model that has not been estumated you can specify s parameters valoes i tab "Sunuste equation’ and select ot

You can custormize the sumulation process by clicking on buttons "Set Sumulation” and "Advanced Settangy’

Sumulatioss are shown 1 tab "Sumsulations”

(dX,) = (cos(a-t + f) )dt + o] (dW,;)

¥ Modeling
= Je i Simwlate model - Simulations
»  Semulate
s Class Model Name
BT TR
Simulation ID
[ miloddmisicn |
Parameter Parameter value

Selected Models

Pleare select models from the table above

Loading Data — Explorative Data Analysis

> Modeling — Simulation
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Simulate Equation

Here you can perform simulations.

To sumulate models that have been estimated on data sumply select those you are iterested m from table "Avalable Models'

If you want 1o sumyulate a model that has not been estumated you can specify s parameters valoes i tab "Sunuste equation’ and select ot
You can custormize the sumulation process by clicking on buttons "Set Sumulation” and "Advanced Settangy’

Sumulations are shown 1 tab "Samulations”

Simulate model - Simulations

Class Model Name

(dX,) = (cos(a-t + f) )dt + o] (dW,;)

Selected Models

Pleare select models from the table above

Loading Data — Explorative Data Analysis > Modeling — Simulation



Simulate Equation

You can customuze Ihe sumulabon process by chkkmg on bultons det dumuiation and Advanced dethngs
Sumulations are shown 1 tab "Sunulations”

¥ MNodelug
5
W Sumslate v
Simwlate model _ Simulations
»  Semslate
(dX,) ~ (cos(a-t+ B) )dt + [o] (dW,)

Class Model Name

Mo dumst aton Dfusion proces ryMiod

Selected Models

T BT s
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Simulate Equation
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Here you can perform simulations.

To sumulate models that have been estimated on data sumply select those you are iterested m from table "Avalable Models'

If you want 1o sumyulate a model that has not been estumated you can specify s parameters valoes i tab "Sunuste equation’ and select ot
You can custormize the sumulation process by clicking on buttons "Set Sumulation” and "Advanced Settangy’

Sumulations are shown = tab "Sumsulations”

e Suzuiste v
Simulate model Simulate equation
»  Semulate

Froance

& DutalO

Smulated Smulated [ stimated
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Just the point of the iceberg

This presentation only shows a little portion of both yuima and yuimaGuUI capabilities



Install yuimaGUI!

### install dependencies
install.packages(“yuima”)
install.packages(“yuimaGuI”)

Tibrary(yuima)
Tibrary(yuimaGuI)

yuimaGUI() # runs the Shiny GUI
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Contacts

http://www.voices-int.com
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