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Abstract: In this article we consider four charts(max and sum of cumulative sum,higher criticism statistic and goodness-of-fit test
statistic)for monitoring related high dimensional data streams to find the alarming time as quickly as possible after the mean shift and find

the ideal chart in different condition. We use the robust of different one-side statistics D

D DHC , DGOF to find the best chart in

max ’ sum’

sparse case and dense case.From the results analysis,we can gain that the goodness-of-fit test has the best efficient from balancing the

power and robust in theory.
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1. Introduction

In several years, high dimensional data streams become more
and more popular in industrial application, thereby how to
select the proper chart and monitor them to reduce the
fraction defective and waste of the products,which has
become very important. In fact, the data streams are related.
Before now, some has an assumption that date streams are
independent, comparing to the max ,sum, HC and GOF
monitored random variable to choose the proper chart based
on likelihood ratio test and test the GOF is best to other three
charts. Now we test it still hold by one-side statistic.

2. Model

For the correlation of the date streams,model is assumed by

X, =U+2Z, (1)

Where the mean vector U is nonrandom and sparse, Z, and
iid
X, are px1-dimensional vector,in control, Z, ~ N(0,X)

O, Op - Oy
G 0 e G
21 b2 2p
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-7z }.so we can

is the covariance matrix of {Z Z L,

1>%25""
iid
standardize it to that ¥, ~ N(0,7,) , after that we only

considerY, .

3. The brief descriptions of the methods

Sum and Max of the CUSUM statistic. At time point t,we
can get p correlative observations ¥, = (Y,,..., th),each
sample of which is from N ,(0,7,) if that is not affected
otherwise which is from N » (u,,1 p) and whose probability

affected is &£, . Based on the CUSUM statistic

S, () =max{0,S, (- +u, (Y, —u,/2)} )

Where 1, is the constant mean value of each stream we

given.

We can obtain that

T . =inf{f: max S, (1)= L} 3)
k=1,...p

P
T :inf{t:kZ_IlSk(t)ZL}

sum (4)
Where L is the 95%-upper-fractile of monitoring from
standard normal distribution.

Their one-side statistic are Dmax , D which are used to

sum

illustrate the robust.

Higher Criticism Statistic.From[9]higher criticism statistic
I‘IC;k is defined as following

HC, =maxHC,, HC,, :M

I<k<p , P (1= Py) 5)

Where

P, =1-0(F,) =0(Y,) O(¥,)=P{N(0.1)>7,}is the
cdf of the standard normal &istribution and

Py < Py <+ < P, are the order statistics of p values.
Therefore the stopping time is obtained that

T, =inf{t : HC () > L} (6)

Whose one-side statistic is given as Dy, = max HC, , .
1<k<p ’

Goodness-of-fit Test Statistic.Depend on the higher
criticism, we can suggest the one-side statistic of GOF like

following expression

_< o -1 |
Deop = ;{IOng—IQ) Jk—3/4)—1 X Lo, yk-3/4)/ ) o

Where [(-) is the indicator function, Yy <Y,

is the order statistic. So replacing Y;by S,(¢), k=L..., p

<Y(2)<...

in (7) could have equation
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2
| Un()—1
rqlog
W, =3 (p—-1/2)/(i-3/4)-1 ®)
inl
I{Um(t)>(i—3/4)/p}
Where

Uy (0)<--<U,, (1)
is the order statistic of {U, (?),..,U, (t)} , and
U, ®)=H,(S,();1) » H,(;4) denote the cdf of
S.(#) about supposed parameter £ in control station.then the

stopping time is defined as following 7, =inf{t: W, > L}.

4. Performance Comparison

To understand clearly, we can give a flow chart by a sample of
application of GOF statistic in control state.

Hltr=c(mvnonmn(p
0.2 ]
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Where X(t) denotes monitoring p values at time point t, 4 is

the given mean value of kth date stream, /(.) is the indicator

function. @(S, (¢)) is the ecdf of S, (¢), L is a control limit

chosen to achieve a specific value of IC average run length
(ARL)and positive.
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Figurel, when t is from 0 to 200, ordinate denote .S, ()

change with u#, = 0.2 given in control state.

From that, we could extend it to p-dimensions.

H 4
—3- Dmax
Crsum
-+- Dhc
o e Dgod
=&
a9
=+
-l

T
=] S0 glee] 150 200
L Incono

Figure2,when p =100 ,one-side statistics of four charts in

control.
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Figure3,when p =100 ,one-side statistics of four charts out
of control(u=0.05).

Step 1:we assume the ARL, in control is given, the first type

error & = could be sure. we get p dimension

ARL,

correlative random values X ,., :(X.’--pr)T (n is the

times of simulating based Monte Carlo simulation. Since the
covariance matrix is always symmetric and positive definite,
the translation is practicable.

D, .Dyuc,

Step 2: Simulating n times to calculate D sum >

max ?

Do in different time points in control, rank them and
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findL .., L,,>Lycs>Lgor in the quantile (1—a)n .

max > " sum?
Step 3:Once the statistic exceed the L, the corresponding time
is the stopping time T, meanwhile we can get the confirm the

FDR £, then ARL, =L

1-8

Step 4:Then online monitoring ,we compute D

D

Dy, Dgop at each time t out control ,respectively.

max sum *

Meanwhile we can compute the rate of efficient alarm for
presumptive change point time Z  to measure the methods’
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(4.48577) | (14.7225) | (6.57241) | (6.267173)
0.5 | 2.832512 | 12.6426 | 3.936743 | 4.679515
(1.597044) | (6.967676) | (2.188187) | (2.27336)
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5. Conclusion

From Table 1,we can obtain that: with the drift gradually
is better,but 7 is the best

for the small drift, meanwhile the robustness is the best from
others.

increase, the sensitivity of 7

Good-Of-Fit test statistic may be not always best in all case,
but never be worst. In general, the method is better.Of course,
we could choose the best method in different case, so that the
control chart is the most efficient and reduce the error ratio.
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