
154 CHAPTER 5. MULTIRESOLUTION MODELS WITH SPARSE MARKOV AND COVARIANCE STRUCTURE

x1 x2 x3 x4

(a)

w1 w3w2

x1 x2 x3 x4

(b)

w1 w3w2

x1 x2 x3 x4

(c)

Figure 5.14. A graphical model representation of (a) auto-regressive (AR) models, (b) moving-average (MA)

models, and (c) auto-regressive moving-average (ARMA) models.

a Markov chain. A tree model shown in Figure 5.1 can be viewed as a generalization of AR

models to multiple scales.

The definition of MA models is as follows:

xt =
q∑

i=1

βt,iwt−i + ut, (5.10)

where βt,i’s are coefficients and wt and ut are independent noise. Note that MA models have

sparse dependency structure: xt is independent of xi for i < t − q. Figure 5.14(b) shows a

graphical model representation of an MA model with q = 1, which is equivalent to our “w-

variable” representation in Figure 5.12(a).

ARMA models have both AR and MA parts as follows:

xt =
p∑

i=1

αt,ixt−i +
q∑

i=1

βt,iwt−i + vt, (5.11)

The corresponding graphical model for p = 1 and q = 1 are shown in Figure 5.14(c).

In our MR model, we have AR models across scales and MA models within each scale.

Thus, we call this a Multiresolution AutoRegressive In-Scale Moving Average model, or in

short, a MARISMA model. We would like to emphasize that although ARMA models are gen-

erally used for linear Gaussian systems, a MARISMA model is a general modeling framework,

and the ARMA-like structure does not indicate that variables need to be jointly Gaussian. In

fact, we may use different combinations of variables at coarser scales, at the finest scale, and


