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Change-point Problem

AR(p): Vi= a0+ 37 ;Yij+e J

@ Gaussian likelihood

ratio test statistic AR(1)
(see Davis et. al.)

@ Score test statistic o
(see Gombay) i
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Change-point Problem

AR(p) with change at time 7:

p
Yi—p= Z¢(YI/ W) + € i<t
)

—.
=

=> "¢ (Yij—p)+e  i>T

j=1

—.

@ {e;,i < 7} martingale difference sequence with E[¢?] = o2
@ &= (u,0% ¢1,...,0p) - before change
® & = (u*,0%,¢5,...,¢p) - after change
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Efficient Score Test Statistic

@ Efficient score test statistic:

R —1/2-1/2(¢ g%e[nu]( An)
B(u) =n / (fn) %K[nu](gn)
v¢>€[nu](§n)

@ /is an information matrix (in this case block-diagonal)

@ The main advantage of this test statistic is, that we may test the
change in every parameter separately.

@ For testlng change in any of the parameters of AR(p) we use
o2 BO(u), where BU)(u) are the elements of B(u).

.....

@ Which estimates should we use as &,?
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Estimates

Theorem

Let us assume that there is no change in any of the parameters. Let
{et} be an i.i.d. sequence with E[s?] = 0® and E|¢;|* < oo for some
x> 4. Assume that characteristic polynomial ¢(z) =1 — Y14 ¢;2!

satisfies (z) # 0 for all |z| < 1. & = (fik, 62, D1k, - - - » Dpk)’
(i) Under the hypothesis o® = o2 and ¢ = ¢y

-l = O (/5 ) as.

(ify Under the hypothesis ji = jo and o? = o3

16— ol = O (/55 ) as.

(iiiy Under the hypothesis 1 = po and ¢ = ¢g

-l = O (/55 ) as.
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@ The parameters of mean

|k
fik = Z Yi
i—1

@ The autoregressive parameters

x|

ok = (XiXk) ™' Xk Zi

Yo — ﬂk . Y_p+1 — ,&k Y1 — [Lk
: : L mes |
Yeo1 —fik oo Yiep — fik \
@ The variance of noise sequence

Xk =

2

K p
- 1 . ~ .
U'%:EZ Yi—uk—zmj(yi—j—uk)
i—1

j=1
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Estimates

Theorem

Let us assume that {Y;} satisfy AR(p). Let {¢:} be a stationary and
ergodic martingale difference sequence with E[e?] = o2,

E[e2|Fi_1] = 0% and E|¢;|* < oo for some r > 4. Assume that the
characteristic polynomial ¢(z) =1 — Y7, ¢,/ satisfies ¢(z) # 0 for
all |z| < 1. Then the following results hold:

(i) |ix — p| = O (\/k—1 loglog k) a.s.;
(i) [|¢x — 8|l = O («/k—1 log log k) as.;
(iii) 172 — 02| = O (\/k*1 log log k) as..

Katarina Starinska



@ Cso6rgd M. and Horvath L. (1997). Limit Theorems in
Change-Point Analysis. John Wiley & Sons Ltd, England.

@ Davis R.A., Huang D. and Yao Y.-C. (1995). Testing for a Change
in the Parameter Value and Order of an Autoregressive Model.
Annals of Statistics 23.

@ Gombay E. (2008). Change Detection in Autoregressive Time
Series. Journal of Multivariate Analysis 99.

@ Gombay E. and Serban D. (2009). Monitoring Parameter Change
in AR(p) Time Series Models. Journal of Multivariate Analysis
100.

@ Huskova M., PraSkova Z., Steinebach J. (2007). On the detection
of changes in autoregressive time seriess | & II. Journal of
Statistical Planning and Inference 137.

Katarina Starinska



	Change-point Problem
	Efficient Score Test Statistic
	Estimates

