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METHOD OF COMPRESSING AND 
RECONSTRUCTING DATA USING STATISTICAL 

ANALYSIS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of com 
pressing and reconstructing a large amount of data, and more 
particularly, to a method of compressing and reconstructing 
data using statistical analysis. 

[0003] 2. Description of the Related Art 

[0004] When transmitting or storing a large amount of 
data, data is generally compressed according to a predeter 
mined rule to reduce transmission time or storage space, and 
the compressed data is decompressed to reconstruct the 
original data. Compression and reconstruction is performed 
such that the reconstructed data is entirely identical to the 
original data. Accordingly, even though compression effi 
ciency varies With the compression/decompression algo 
rithm or data format, there is a limitation in improving the 
compression efficiency. 
[0005] HoWever, in some cases it is not necessary for the 
original data to be reconstructed identically; only the ten 
dencies betWeen the original data and the reconstructed data 
are needed. For example, for electrical test data of a semi 
conductor device Which is measured in every process during 
manufacture of the device, the number of entries is relatively 
small (e.g., several entries to several hundred entries). 
HoWever, sometimes it is necessary to measure several 
thousand to several tens of thousands of lines of data to 
detect tendencies or the distribution of the characteristics of 
devices, Which have slight variations even if identical 
devices are manufactured under the same conditions. In this 
case, the overall tendency or distribution is more important 
than a speci?c value of data at a certain line in a certain 
entry. Moreover, for such a large amount of data, it is 
difficult to understand the correlation betWeen entries and 
the distribution of data in an initial data format. In addition, 
it is not easy to store, accumulate and manage such a large 
amount of data for an extensive period of time. 

[0006] Typically, the average value and standard deviation 
are measured to understand the tendency and distribution of 
a large amount of data, or information, such-as correlation, 
is obtained using statistical analysis. HoWever, a need exists 
for a method of compressing a large amount of data and 
reconstructing original data from the compressed data. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide a 
method of compressing a large amount of data and recon 
structing the compressed data in an original data format 
using statistical analysis. 

[0008] In an aspect of the present invention, a method is 
provided for compressing and reconstructing original data 
having n roWs><m entries, Which are correlated to one 
another, using statistical analysis, Wherein the n roWs are 
correlated to the m entries and m<n. The method includes 
the steps of (a) obtaining a correlation matrix C having m 
roWs><m columns, Wherein the correlation matrix C includes 
correlation coefficients betWeen the m entries, (b) obtaining 
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eigenvectors and eigenvalues of the correlation coefficients 
in the correlation matrix C, (c) obtaining a factor loading 
matrix F having m roWs><p columns from the eigenvectors 
and the eigenvalues using a multivariate analysis, Wherein p 
is a natural number less than or equal to the m entries, (d) 
generating random numbers to form a random-number 
matrix having I roWs><p columns, Wherein I is the number of 
roWs to be reconstructed With respect to the m entries, (e) 
obtaining an intermediate data matrix having I roWs><m 
columns including correlation information by multiplying 
the random-number matrix by a transposed matrix of the 
factor loading matrix F, and scaling the intermediate data 
matrix according to a scale of the original data to obtain a 
reconstructed data matrix comprised of elements in I 
roWs><m columns, Whereby the reconstructed data matrix has 
a format of the original data. 

[0009] In another aspect of the present invention, the 
factor loading matrix F is stored as compressed data, and 
reconstruction is performed by steps (d) through That is, 
steps (a) through (c) are for data compression and steps (d) 
through are for data reconstruction. 

[0010] In yet another aspect of the present invention, the 
correlation matrix C and the factor loading matrix F are 
stored as compressed data, and reconstruction is performed 
by steps (d) through 
[0011] In yet another aspect, the correlation matrix C 
obtained in step (a) is stored as compressed data, and data 
having the original data format can be reconstructed by steps 
(b) through That is, the step (a) is for data compression, 
and the steps (b) through are for data reconstruction. 

[0012] According to an aspect of the present invention, a 
large amount of original data having n roWs and m columns 
(n>>m) can be compressed to a correlation matrix having m 
roWs and m columns or to a factor loading matrix having m 
roWs and p columns, and data having the tendency and 
format of the original data can be reconstructed using a 
random-number matrix and the factor loading matrix, in a 
simple Way. 

[0013] These and other aspects, features and advantages of 
the present invention Will be described or become apparent 
from the folloWing detailed description of the preferred 
embodiments, Which is to be read in connection With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above object and advantages of the present 
invention Will become more apparent by describing in detail 
preferred embodiments thereof With reference to the 
attached draWings in Which: 

[0015] FIG. 1 is a ?oWchart of a method of data com 
pression and reconstruction according to the present inven 
tion; 
[0016] FIG. 2 shoWs transformation of data in a method of 
data compression and reconstruction according to the 
present invention; and 

[0017] FIG. 3 shoWs graphs in Which a correlation 
betWeen entries of original data before compression and a 
correlation betWeen entries of data, Which is compressed and 
then reconstructed according to a method of the present 
invention, overlap each other and ?oat. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] It is to be understood that the exemplary system 
modules and method steps described herein may be imple 
mented in various forms of hardWare, softWare, ?rmWare, 
special purpose processors, or a combination thereof. Pref 
erably, the present invention is implemented in softWare as 
an application program tangibly embodied on one or more 

program storage devices. The application program may be 
executed by any machine, device or platform comprising 
suitable architecture. It is to be further understood that, 
because some of the constituent system modules and method 
steps depicted in the accompanying Figures are preferably 
implemented in softWare, the actual connections betWeen 
the system components (or the process steps) may differ 
depending upon the manner in Which the present invention 
is programmed. Given the teachings herein, one of ordinary 
skill in the related art Will be able to contemplate these and 
similar implementations or con?gurations of the present 
invention. 

[0019] With reference to the ?oWchart of FIG. 1 and FIG. 
2 shoWing transformation of original (or “initial”) data to 
compressed data and then to reconstructed data, a procedure 
of compressing and reconstructing data according to an 
aspect of the present invention Will be described. 

[0020] As shoWn in FIG. 2, correlation coefficients 
betWeen entries (variables) are measured from an original 
data matriX X having n roWs and m columns (n>>m) to 
obtain a correlation matriX C having m roWs and m columns 
in step 100. A correlation coefficient cij betWeen an i-th 
column (a variable i) and a j-th column (a variable in the 
original data matriX X is an element at an i-th roW and a j-th 
column in the correlation matriX C and obtained by Equation 
1. 

[0021] Where i and j are integers less than or equal to m, 
Which indicate the roW and the column, respectively, of the 
correlation matriX C, Xki is an element at a k-th roW and i-th 
column in the original data matriX X, Xkj is an element at a 
k-th roW and j-th column in the original data matriX X, Xi and 
Qi are the average and standard deviation, respectively, of the 
i-th column in the original data matriX X, and Q]- and 01- are 
the average and standard deviation, respectively, of the j-th 
column in the original data matriX X. 

[0022] The correlation matriX C itself, obtained through 
the above operation, is compressed data and may be stored 
in a predetermined storage medium in step 105. In addition, 
basic statistical data including the averages and standard 
deviations of entries (variables) is also stored. 

[0023] Thereafter, a factor loading matriX F having m 
roWs and p columns is obtained from the m><m correlation 
matriX C using a multivariate analysis in step 110. The factor 
loading matriX F is composed of factor loadings necessary 
for reconstructing data into the original data format. Here, p 
is the number of factors and is less than or equal to the 
number m of the variable (entries). 
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[0024] To obtain the factor loading matriX F, the eigen 
values and eigenvectors of the correlation matriX C are 
obtained from the correlation matriX C. Then, the factor 
loading matriX F is obtained by Equation 2. 

[0025] Where i is an integer less than or equal to m, fi is a 
vector of the i-th roW in the factor loading matriX F, )q is an 
eigenvalue in the correlation matriX C, and (xi is an eigen 
vector in the correlation matriX C. 

[0026] The factor loading matriX F itself, obtained through 
the above operation, is compressed data and may be stored 
in a predetermined storage medium individually or together 
With the correlation matriX C in step 115. 

[0027] In other Words, data Which is compressed accord 
ing to a method of compression and reconstruction of the 
present invention may include either the correlation matriX 
C or the factor loading matriX F, or may include both the 
correlation matriX C and the factor loading matriX F. When 
only the correlation matriX C is stored as the compressed 
data, steps 100 and 105 are performed for compression and 
storing. Step 110 and steps thereafter are performed for 
reconstruction. When the factor loading matriX F is stored as 
the compressed data, steps 100 through 115 are performed 
for compression and storing, and step 120 and steps there 
after are performed for reconstruction. In any case, an n><m 

matriX (n>>m) of the original data is compressed to an m><m 
matriX or an m><p matriX. That is, regardless of the number 
of lines in the original data, the original data is compressed 
to a matriX having as many roWs and columns as the data 

entries (variables) or less. Consequently, the compression 
ratio becomes 

W X 100(%), 

[0028] and the compression ratio becomes better as n 
increases. 

[0029] Thereafter, a procedure of reconstructing data from 
the factor loading matriX F in the original data format is 
provided according to an aspect of the present invention. 
Random numbers —1 to +1 are generated to form a random 

number matriX R having I roWs and p columns in step 120. 
Here, I is the number of lines of data to be reconstructed and 
may be a predetermined natural number or n as in the 

original data. 

[0030] Subsequently, the random-number matriX R is mul 
tiplied by the transposed matriX Ft of the factor loading 
matriX F to obtain an intermediate data matriX X‘ in step 130. 
That is, each element X‘ij in the intermediate data matriX X‘ 
is obtained by Equation 3. 
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[0031] Where i and j are integers less than or equal to I and 
m, respectively, Which indicate the roW and the column, 
respectively, of the intermediate data matrix X‘, rl-k is an 
element at an i-th roW and k-th column in the random 
number matrix R, and fjk is an element at a j-th roW and k-th 
column in the factor loading matrix F. 

[0032] Since the intermediate data matrix X‘ is obtained by 
multiplying the random-number matrix R by the transposed 
matrix Ft of the factor loading matrix F, it includes correla 
tion information and has a similar distribution to that of the 
original data format. HoWever, the intermediate data matrix 
X‘ is different from the original data in scale. Accordingly, 
the intermediate data matrix X‘ is scaled on the original data 
scale, thereby obtaining a ?nal reconstructed data matrix X“ 
having the original data format in step 140. 

[0033] In scaling the intermediate data matrix X‘to the 
?nal reconstructed data matrix X“, the averages and standard 
deviation stored by the entries (variables) are used in addi 
tion to the compressed data (the correlation matrix C and/or 
the factor loading matrix That is, each element x“i]- in the 
?nal reconstructed data matrix X“ is obtained by Equation 4. 

[0034] Where i and j are integers less than or equal to I and 
m respectively, Which indicate the roW and the column, 
respectively, of the ?nal reconstructed data matrix X“, x“i]- is 
an element at an i-th roW and j-th column in the ?nal 
reconstructed data matrix X“, x‘ij is an element at an i-th roW 
and j-th column in the intermediate data matrix X‘, and X] 
and 01- are the average and standard deviation, respectively, 
of the j-th column (the j-th variable) in the original data 
matrix X. 

[0035] Even if the speci?c value of this ?nal reconstructed 
data matrix X“ is not the same as that of the original data, 
the overall tendency of the ?nal reconstructed data matrix 
X“ is the same as that of the original data. 

[0036] MeanWhile, the accuracy of the reconstructed data 
can be tested by comparing the correlation matrix C of the 
original data With the correlation matrix C‘, Which is 
obtained by performing step 100 With respect to the ?nal 
reconstructed data matrix X“, of the reconstructed data. In 
addition, the accuracy of the reconstructed data can be tested 
by comparing the factor loading matrix F of the original data 
With the factor loading matrix F‘. F‘ can be obtained by 
performing step 110 With respect to the correlation matrix C‘ 
of the reconstructed data. 

[0037] The folloWing description concerns an application 
example in Which a method of data compression and recon 
struction according to the present invention is applied to 
speci?c, physical data. 

[0038] In this application example, data, Which Was 
obtained by measuring 3000 times (roWs): the threshold 
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voltage VTN of an NMOS transistor, the drain saturation 
current IDN of the NMOS transistor, the threshold voltage 
VTP of a PMOS transistor and the drain saturation current IDP 
of the PMOS transistor in the electrical test data of a 
semiconductor device, Was compressed to a correlation 
matrix having 4 roWs and 4 columns and to a factor loading 
matrix having 4 roWs and 4 columns, and then reconstructed. 
An original data matrix in this application example can be 
represented, as shoWn in Table 1. 

TABLE 1 

VTN IDN VTP IDP 

0.58 2.02 0.73 0.95 

0.55 1.95 0.69 0.92 

[0039] Step 100 of FIG. 1 Was performed on the above 
original data matrix having 3000 roWs and 4 columns, 
thereby obtaining a correlation matrix having 4 roWs and 4 
columns, as shoWn in Table 2. 

TABLE 2 

VTN IDN VTP IDP 

vTN 1 -0.774 —0.236 -0.253 
IDN -0.774 1 -0 018 0.654 
vTP —0.236 -0.018 1 —0.603 
IDP -0.253 0.654 —0.603 1 

[0040] Each correlation coef?cient in the correlation 
matrix of Table 2 has a value of —1 to +1. A plus sign 
indicates positive correlation, and a minus sign indicates 
negative correlation. 

[0041] Next, step 110 Was performed on the correlation 
matrix, thereby obtaining a factor loading matrix having 4 
roWs and 4 columns, as shoWn in Table 3. 

TABLE 3 

Factor 1 Factor 2 Factor 3 Factor 4 

VTN —0.32 0.10 0.59 —0.73 
IDN —0.14 0.19 —0.25 0.94 
VTP —0.30 —0.07 —0.91 —0.29 
IDP —0.23 —0.15 0.49 0.82 

[0042] The correlation matrix shoWn in Table 2 and/or the 
factor loading matrix shoWn in Table 3 can be stored in a 
predetermined storage medium as compressed data. 

[0043] To reconstruct data having an original data format 
from the factor loading matrix of Table 3, steps 120 through 
140 Were performed. The results obtained by performing the 
steps 120 through 140 are shoWn in FIG. 3. FIG. 3 shoWs 
correlation graphs in Which original data having 3000 roWs 
and reconstructed data having 1000 roWs overlap each other 
and ?oat. In FIG. 3, the original data is represented by “x”, 
and the reconstructed data is represented by “III”. Reference 
numerals 310 through 360 indicate a correlation betWeen 
VTN and IDN, a correlation betWeen VTN and VTP, a correla 
tion betWeen VTN and IDP, a correlation betWeen IDN and 
VTP, a correlation betWeen IDN and IDP, and a correlation 
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between VTP and IDP, respectively. As is evident from FIG. 
3, the tendency of the original data substantially comports 
With the tendency of the reconstructed data. 

[0044] MeanWhile, a correlation matrix and a factor load 
ing matrix Were obtained With respect to the reconstructed 
data and compared With the correlation matrix and the factor 
loading matrix of the original data, respectively. The corre 
lation matrix and the factor loading matrix of the recon 
structed data having 1000 roWs are shoWn in Tables 4 and 5, 
respectively. 

TABLE 4 

VTN IDN VTP IDP 

VTN 1 —0.770 —0.230 —0.254 
IDN —0.770 1 —0.000 0.649 
VTP —0.230 —0.000 1 —0.607 
IDP —0.254 0.649 —0.607 1 

[0045] 

TABLE 5 

Factor 1 Factor 2 Factor 3 Factor 4 

VTN —0.34 0.19 0.58 —0.74 
IDN —0.15 0.18 —0.25 0.94 
VTP —0.29 —0.08 —0.91 —0.28 
IDP —0.23 —0.16 0.50 0.82 

[0046] When obtaining relative errors by comparing the 
correlation matrix shoWn in Table 2 With the correlation 
matrix shoWn in Table 4 to understand the accuracy of the 
reconstructed data, it is to be appreciated that the accuracy 
is very high such that in descending order of the absolute 
values of correlation coef?cients of data entries, the relative 
error betWeen VTN and IDN is 0.5%, the relative error 
betWeen IDN and IDP is 0.8%, and the relative error betWeen 
VTP and IDP is 0.7%. The relative error is obtained by 
Equation 5. 

Relative error = (5) 

|Correlation coefficient of original data — 

Correlation coefficient of reconstructed data| 
100 ‘7 

|Correlation coefficeint of original data| X ( 0) 

[0047] When obtaining relative errors by comparing the 
factor loading matrix shoWn in Table 3 With the factor 
loading matrix shoWn in Table 5, it is evident that the 
accuracy of the reconstructed data is very high such that the 
relative error of the factor 3 of VTP, Which is an entry having 
the largest absolute value of a factor loading, is 0%, and the 
average relative error of the entries having absolute values 
of 0.25 or more is 1.8%. 

[0048] In the above application example, the present 
invention is applied to the compression and reconstruction 
of the electrical test data of a semiconductor device, but is 
not restricted thereto. For example, the present invention can 
be applied to any data having a correlation such as meteo 
rological data including temperature, Wind direction, Wind 
velocity and rainfall. 
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[0049] As described above, according to an aspect of the 
present invention, a large amount of data can be compressed 
to a correlation matrix or a factor loading matrix, and this 
matrix is stored. Data having the tendency of the original 
data can be reconstructed from this stored matrix. Advan 
tageously, a method of the present invention can reconstruct 
data after compressing the data to a predetermined capacity 
regardless of the amount of the data, thereby ef?ciently 
managing a large amount of data. 

[0050] Although illustrative embodiments of the present 
invention have been described herein With reference to the 
accompanying draWings, it is to be understood that the 
present invention is not limited to those precise embodi 
ments, and that various other changes and modi?cations 
may be affected therein by one skilled in the art Without 
departing from the scope or spirit of the invention. All such 
changes and modi?cations are intended to be included 
Within the scope of the invention as de?ned by the appended 
claims. 

What is claimed is: 
1. A method of compressing and reconstructing original 

data having n roWs><m entries using statistical analysis, 
Wherein the n roWs are correlated to the m entries and m<n, 
the method comprising the steps of: 

(a) obtaining a correlation matrix C having m roWs><m 
columns, Wherein the correlation matrix C is comprised 
of correlation coef?cients betWeen the m entries; 

(b) obtaining eigenvectors and eigenvalues of the corre 
lation coefficients in the correlation matrix C; 

(c) obtaining a factor loading matrix F having m roWs><p 
columns from the eigenvectors and the eigenvalues 
using a multivariate analysis, Wherein p is a natural 
number less than or equal to the m entries; 

(d) generating random numbers to form a random-number 
matrix having I roWs><p columns, Wherein I is the 
number of roWs to be reconstructed With respect to the 
m entries; 

(e) obtaining an intermediate data matrix having I 
roWs><m columns by multiplying the random-number 
matrix by a transposed matrix of the factor loading 
matrix F; and 

(f) scaling the intermediate data matrix according to a 
scale of the original data to obtain a reconstructed data 
matrix comprised of elements in I roWs><m columns, 
Whereby the reconstructed data matrix has a format of 
the original data. 

2. The method of claim 1, Wherein each correlation 
coef?cient in the correlation matrix C is obtained by the 
equation: 

0.. 

U "(0707) 

Where i and j are natural numbers less than or equal to m, 
Which indicate the roW and the column, respectively, of 
the correlation matrix C, cij is a correlation coef?cient 
betWeen an i-th entry and a j-th entry in the original data 
and is an element at an i-th roW and j-th column in the 
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correlation matrix C, xij is an element at a k-th roW and 
i-th column in the original data, xkj is an element at a k-th 
roW and a j-th column in the original data, Xi and Qi are 
an average and a standard deviation, respectively, of the 
i-th column in the original data, and i]- and 01- are the 
average and standard deviation, respectively, of the j-th 
column in the original data. 

3. The method of claim 1, Wherein the factor loading 
matrix F is obtained by the equation: 

f‘ = Mil 11; 

Where i is an integer less than or equal to m, fi is a vector 
of the i-th roW in the factor loading matrix F, )q is an 
eigenvalue in the correlation matrix C, and 0ti is an eigen 
vector in the correlation matrix C. 

4. The method of claim 1, Wherein each element in the 
intermediate data matrix is obtained by the equation: 

Where i and j are integers less than or equal to I and m 
respectively, and I and m indicate a roW and a column, 
respectively, of the intermediate data matrix X‘, rl-k is an 
element at an i-th roW and k-th column in the random 
number matrix R, and fjk is an element at a j-th roW and 
k-th column in the factor loading matrix F. 

5. The method of claim 1, Wherein each element in the 
reconstructed data matrix having the format of the original 
data is obtained by the equation: 

Where i and j are integers less than or equal to the I roWs 
and the m columns, respectively, of the reconstructed 
data matrix, x“i]- is an element at an i-th roW and j-th 
column in the reconstructed data matrix, x‘ij is an 
element at an i-th roW and j-th column in the interme 
diate data matrix, and i]- and 01- are an average and a 
standard deviation, respectively, of a j-th column in the 
original data. 

6. The method of claim 1, Wherein the correlation matrix 
C is stored as compressed data, and reconstruction is per 
formed by steps (b) through 

7. The method of claim 1, Wherein the factor loading 
matrix F is stored as compressed data, and reconstruction is 
performed by steps (d) through 

8. The method of claim 1, further comprising the step of 
obtaining a correlation matrix C‘ by measuring correlation 
coefficients of the reconstructed data matrix, Wherein accu 
racy of reconstructed data is tested by comparing the cor 
relation matrix C‘ With the correlation matrix C. 

9. The method of claim 8, further comprising the step of 
performing the multivariate analysis on the correlation 
matrix C‘ to obtain a factor loading matrix F‘, Wherein 
accuracy of reconstructed data is tested by comparing the 
factor loading matrix F‘ to the factor loading matrix F. 

10. A method of compressing and reconstructing original 
data, the original data having n roWs With respect to m 
entries, the method comprising the steps of: 
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compressing the original data to form a correlation matrix 
having m roWs><m columns; 

building a factor loading matrix having m roWs x p 
columns from the correlation matrix using a multivari 
ate analysis; 

forming a random number matrix by generating random 
numbers, the random number matrix having I roWs><p 
columns, Wherein I is a number of lines of the original 
data to be reconstructed; 

building an intermediate data matrix comprised of inter 
mediate elements in I roWs><p columns; and 

obtaining a reconstructed data matrix comprised of recon 
structed elements by scaling the intermediate data 
matrix to a scale of the original data. 

11. The method of claim 10, Wherein the correlation 
matrix is comprised of correlation coefficients, the correla 
tion coef?cients being determined by the equation: 

0.. 

U "(0707) 

Where i and j are integers less than or equal to m, cij is a 
correlation coefficient betWeen an i-th entry and a j-th 
entry in the original data and is an element at an i-th roW 
and j-th column in the correlation matrix, Xki is an ele 
ment at a k-th roW and i-th column in the original data, 
x _ is an element at a k-th roW and a j-th column in the 

original data, ii and 01- are an average and a standard 
deviation, respectively, of the i-th column in the original 
data, and Q]- and 01- are an average and a standard devia 
tion, respectively, of the j-th column in the original data. 

12. The method of claim 10, Wherein the factor loading 
matrix is built using the equation: 

Where i is an integer less than or equal to m, fi is a vector 
of an i-th roW in the factor loading matrix, M t is an 
eigenvalue in the correlation matrix, and (xi is an eigen 
vector in the correlation matrix. 

13. The method of claim 10, Wherein each of the inter 
mediate elements in the intermediate data matrix is obtained 
by the equation: 

Where i and j are integers less than or equal to I and m 
respectively, and I and m indicate a roW and a column, 
respectively, of the intermediate data matrix X‘, rl-k is an 
element at an i-th roW and a k-th column in the random 
number matrix, and fjk is an element at a j-th roW and a 
k-th column in the factor loading matrix. 

14. The method of claim 10, Wherein each of the recon 
structed elements in the reconstructed data matrix is 
obtained by the equation: 



US 2001/0011958 A1 

Where i and j are integers less than or equal to the I roWs 
and the m columns, respectively, of the reconstructed 
data matrix, x“i]- is an element at an i-th roW and a j-th 
column in the reconstructed data matrix, x“ij is an 
element at an i-th roW and a j-th column in the 
intermediate data matrix, and i]- and 01- j are an average 
and a standard deviation, respectively, of a j-th column 
in the original data. 

15. The method of claim 10, further comprising the step 
of obtaining a correlation matrix C‘ by measuring correlation 
coefficients of the reconstructed data matrix, Wherein accu 
racy of reconstructed data is tested by comparing the cor 
relation matrix C‘ With the correlation matrix. 

16. The method of claim 15, further comprising the step 
of performing the multivariate analysis on the correlation 
matrix C‘ to obtain a factor loading matrix F‘, Wherein 
accuracy of reconstructed data is tested by comparing the 
factor loading matrix F‘ to the factor loading matrix. 

17. A program storage device readable by a machine, 
tangibly embodying a program of instructions executable by 
the machine to perform the method steps for compressing 
and reconstructing original data having n roWs><m entries 
using statistical analysis, Wherein the n roWs are correlated 
to the m entries and m<n, the method comprising the steps 
of: 

(a) obtaining a correlation matrix C having m roWs><m 
columns, Wherein the correlation matrix C is comprised 
of correlation coefficients betWeen the m entries; 

(b) obtaining eigenvectors and eigenvalues of the corre 
lation coefficients in the correlation matrix C; 

(c) obtaining a factor loading matrix F having m roWs><p 
columns from the eigenvectors and the eigenvalues 
using a multivariate analysis, Wherein p is an integer 
less than or equal to the m entries; 

(d) generating random numbers to form a random-number 
matrix having I roWs><p columns, Wherein I is the 
number of roWs to be reconstructed With respect to the 
m entries; 

(e) obtaining an intermediate data matrix having I 
roWs><m columns by multiplying the random-number 
matrix by a transposed matrix of the factor loading 
matrix F; and 

(f) scaling the intermediate data matrix according to a 
scale of the original data to obtain a reconstructed data 
matrix comprised of elements in I roWs><m columns, 
Whereby the reconstructed data matrix has a format of 
the original data. 

18. The program storage device of claim 17, Wherein each 
correlation coefficient in the correlation matrix C is obtained 
by the equation: 

Where i and j are natural numbers less than or equal to m, 
Which indicate the roW and the column, respectively, of 
the correlation matrix C, cij is a correlation coefficient 
betWeen an i-th entry and a j-th entry in the original data 
and is an element at an i-th roW and j-th column in the 
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correlation matrix C, xki is an element at a k-th roW and 

i-th column in the original data, xkj is an element at a k-th 
roW and a j-th column in the original data, Xi and Qi are 
an average and a standard deviation, respectively, of the 
i-th column in the original data, and i]- and 01- are the 
average and standard deviation, respectively, of the j-th 
column in the original data. 

19. The program storage device of claim 17, Wherein the 
factor loading matrix F is obtained by the equation: 

Where i is an integer less than or equal to m, fi is a vector 
of the i-th roW in the factor loading matrix F, )q is an 
eigenvalue in the correlation matrix C, and 0ti is an eigen 
vector in the correlation matrix C. 

20. The program storage device of claim 17, Wherein each 
element in the intermediate data matrix is obtained by the 
equation: 

Where i and j are integers less than or equal to I and m 
respectively, and I and m indicate a roW and a column, 
respectively, of the intermediate data matrix X‘, rl-k is an 
element at an i-th roW and k-th column in the random 

number matrix R, and fJ-k is an element at a j-th roW and 
k-th column in the factor loading matrix F. 

21. The program storage device of claim 17, Wherein each 
element in the reconstructed data matrix having the format 
of the original data is obtained by the equation: 

Where i and j are integers less than or equal to the I roWs 
and the m columns, respectively, of the reconstructed 
data matrix, x“i]- is an element at an i-th roW and j-th 
column in the reconstructed data matrix, x‘ij is an 
element at an i-th roW and j-th column in the interme 
diate data matrix, and i]- and 01- are an average and a 
standard deviation, respectively, of a j-th column in the 
original data. 

22. The program storage device of claim 17, further 
comprising the step of obtaining a correlation matrix C‘ by 
measuring correlation coefficients of the reconstructed data 
matrix, Wherein accuracy of reconstructed data is tested by 
comparing the correlation matrix C‘ With the correlation 
matrix C. 

23. The program storage device of claim 22, further 
comprising the step of performing the multivariate analysis 
on the correlation matrix C‘ to obtain a factor loading matrix 
F‘, Wherein accuracy of reconstructed data is tested by 
comparing the factor loading matrix F‘ to the factor loading 
matrix F. 


