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DATA PROCESSING APPARATUSES,
METHODS, AND NON-TRANSITORY
TANGIBLE MACHINE-READABLE MEDIUM

THEREOF
CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] Not applicable.
BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention
[0003] The present invention relates to data processing

apparatuses, methods, and non-transitory tangible machine-
readable medium thereof. More particularly, the present
invention relates to data processing apparatuses, methods,
and non-transitory tangible machine-readable medium
thereof with smart index.

[0004] 2. Descriptions of the Related Art

[0005] With the rapid development in computer technolo-
gies, most enterprises collect, store, manipulate, and organize
business information/data in computers in a systematic way.
Relational databases and on-line analytical processing
(OLAP) are examples of commonly adopted technologies.
[0006] Although various commercial products of relational
databases and OLAP have been developed, they have short-
comings when the amount of business data being stored
becomes huge. There are occasions that a business manager
would like to analyze the huge amount of data stored in a
database, such as by applying a join operation or a roll-up
operation to these data. However, databases on the market
today cannot provide a quick response when the amount of
data being processed is huge. Accessing and analyzing mil-
lions or billions records usually take significant amount of
time. For business managers that have to perform analysis and
make quick decisions based on big data, the long-processing
time of the databases on the market today is intolerable.
[0007] According to the above description, data processing
apparatuses, methods, and non-transitory tangible machine-
readable medium thereof that can rapidly process big/huge/
large data is in an urgent need.

SUMMARY OF THE INVENTION

[0008] An objective of the present invention is to provide a
data processing apparatus, which comprises a storage unit
and a processor electrically connected to the storage unit. The
storage unit is stored with a dimension table. The dimension
table is defined with a plurality of attributes and comprises at
least one member, wherein each of the at least one member
comprises a plurality of attribute values corresponding to the
attributes one-on-one. The processor is configured to gener-
ate a smart index for each of the distinct attribute values and
integrate the smart indexes into a smart index record. Each of
the smart indexes comprises a first value equivalent to one of
the attribute values, a second value equivalent to the attribute
corresponding to the first value, and a third value indicating a
rank of the first value comparing to the rest attribute values
corresponding to the second value. The first values are dis-
tinct. Each of the smart indexes has an index within the smart
index record.

[0009] Another objective of the present invention is to pro-
vide a data processing method for use in an electronic appa-
ratus. The method comprises the following steps of: (a)
accessing a dimension table, wherein the dimension table is
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defined with a plurality of attributes and comprises at least
one member, wherein each of the at least one member com-
prises a plurality of attribute values corresponding to the
attributes one-on-one, (b) generating a smart index for each of
the distinct attribute values, wherein each of the smart indexes
comprises a first value equivalent to one of the attribute val-
ues, a second value equivalent to the attribute corresponding
to the first value, and a third value indicating a rank of the first
value comparing to the rest attribute values corresponding to
the second value, the first values are distinct, and (c) integrat-
ing the smart indexes into a smart index record, wherein each
of the smart indexes has an index within the smart index
record.

[0010] A further objective of the present invention is to
provide a non-transitory tangible machine-readable medium,
which is stored with a computer program. The computer
program comprises a plurality of codes, wherein the codes are
able to execute a data processing method when the computer
program is loaded into an electronic apparatus. The data
processing method comprising the steps of: (a) accessing a
dimension table, wherein the dimension table is defined with
a plurality of attributes and comprises at least one member,
wherein each of the at least one member comprises a plurality
of attribute values corresponding to the attributes one-on-one,
(b) generating a smart index for each of the distinct attribute
values, wherein each of the smart indexes comprises a first
value equivalent to one of the attribute values, a second value
equivalent to the attribute corresponding to the first value, and
a third value indicating a rank of the first value comparing to
the rest attribute values corresponding to the second value, the
first values are distinct, and (c) integrating the smart indexes
into a smart index record, wherein each of the smart indexes
has an index within the smart index record.

[0011] According to the above descriptions, the present
invention generates a smart index for each of the distinct
attribute values in the dimension table(s) and integrates these
smart indexes in a smart index record. Each of the smart
indexes comprises a first value equivalent to one of the dis-
tinct attribute values, a second value equivalent to the
attribute that the first value corresponds to, and at least a third
value indicating a rank of the first value comparing to the rest
attribute values corresponding to the second value.

[0012] Depending on different scenarios, the third value of
a smart index may be of different values. In some embodi-
ments, the third value of a smart index may be a row number
of'the first value comparing to the rest attribute values corre-
sponding to the second value within the dimension table. For
these embodiments, a join operation can be performed effi-
ciently. Yet in some other embodiments, the third value of a
smart index may be a process order of the first value compar-
ing to the rest attribute values corresponding to the second
value within the dimension table.

[0013] The detailed technology and preferred embodi-
ments implemented for the subject invention are described in
the following paragraphs accompanying the appended draw-
ings for people skilled in this field to well appreciate the
features of the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1illustrates a schematic view of a data process-
ing apparatus 1 of the present invention;

[0015] FIG. 2A illustrates the content of the dimension
table 20;
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[0016] FIG. 2B illustrates the content of the dimension
table 22;

[0017] FIG. 2C illustrates the content of the fact table 24;

[0018] FIG. 2D illustrates the smart index record 26 of the

first embodiment;

[0019] FIG. 2E illustrates the transformed fact table 24;
[0020] FIG. 2F illustrates the extended fact table 24' gen-
erated by a join operation;

[0021] FIG. 2G illustrates the transformed extended fact
table 24",
[0022] FIG. 3 illustrates the smart index record 30 of the

second embodiment;

[0023] FIG. 4 illustrates the smart index record 40 of the
third embodiment;

[0024] FIG. 5A and FIG. 5B illustrates the flowchart of the
fourth embodiment; and

[0025] FIG. 6A and FIG. 6B illustrates the flowchart of the
fifth embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0026] Inthe following descriptions, data processing appa-
ratuses, methods, and non-transitory tangible machine-read-
able medium thereof of the present invention will be
explained with reference to embodiments thereof. However,
these embodiments are not intended to limit the present
invention to any specific environment, applications, or par-
ticular implementations described in these embodiments.
Therefore, description of these embodiments is only for pur-
pose of illustration rather than to limit the present invention.
Itshould be appreciated that elements unrelated to the present
invention are omitted from depiction in the following
embodiments and the attached drawings.

[0027] FIG.1illustrates a schematic view of a data process-
ing apparatus 1 of the present invention. The data processing
apparatus 1 comprises a storage unit 11 and a processor 13,
wherein the processor 13 is electrically connected to the
storage unit 11. The storage unit 11 may be a memory, a
floppy disk, a hard disk, a compact disk (CD), a mobile disk,
a magnetic tape, a database accessible to networks, or any
other storage media with the same function and well-known
to persons having ordinary skill in the art. The processor 13
may be any of various processors, central processing units
(CPUs), microprocessors, or other computing devices well
known to persons having ordinary skill in the art. The follow-
ing embodiments will be described with reference to the data
processing apparatus 1.

[0028] Please refer to FIGS. 1, 2A, 2B, 2C, 2D, 2E, 2F, and
2G for a first embodiment of the present invention. The stor-
age unit 11 is stored with two dimension tables 20, 22 and a
fact table 24. Please be noted that the present invention does
not limit the number of the dimension tables and the number
of the fact tables stored in the storage unit 11.

[0029] The content of the dimension table 20 is illustrated
in FIG. 2A. The dimension table 20 is defined with a plurality
of attributes (i.e. “Product.id” and “Category” as shown in
FIG. 2A). The dimension table 20 comprises a plurality of
members 20a, 205, 20c¢, wherein each of the members 20a,
205, 20c comprises a plurality of attribute values correspond-
ing to the attributes of the dimension table 20 one-on-one. To
be more specific, the member 20q has a first attribute value
(i.e. “Productl”) corresponding to the first attribute (i.e. “Pro-
duct.id”) and a second attribute value (i.e. “Food”) corre-
sponding to the second attribute (i.e. “Category”), the mem-
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ber 205 has a first attribute value (i.e. “Product2”)
corresponding to the first attribute (i.e. “Product.id”) and a
second attribute value (i.e. “Electronics™) corresponding to
the second attribute (i.e. “Category”), and the member 20c
has a first attribute value (i.e. “Product3”) corresponding to
the first attribute (i.e. “Product.id”) and a second attribute
value (i.e. “Clothes”) corresponding to the second attribute
(i.e. “Category”).

[0030] Oneofthe attributes “Product.id” and “Category” of
the dimension table 20 is a key attribute and the rest of the
attributes is at least one descriptive attribute. To be more
specific, the attribute “Product.id” is the key attribute and the
attribute “Category” is the descriptive attribute. The attribute
values (i.e. “Product1,” “Product2,” and “Product3”) that cor-
respond to the key attribute are the key values, while the
attribute values (i.e. “Food,” “Electronics,” and “Clothes™)
that corresponds to the descriptive attribute are the descriptive
values.

[0031] The content of the dimension table 22 is illustrated
in FIG. 2B. The dimension table 22 is defined with a plurality
of attributes (i.e. “Channel.id” and “Area” as shown in FIG.
2B). The dimension table 22 comprises a plurality of mem-
bers 22a, 22b, wherein each of the members 22a, 225 com-
prises a plurality of attribute values corresponding to the
attributes of the dimension table 22 one-on-one. To be more
specific, the member 22a has a first attribute value (i.e.
“Store1”) corresponding to the first attribute (i.e. “Channel.
id”’) and a second attribute value (i.e. “South”) corresponding
to the second attribute (i.e. “Area”) and the member 225 has a
first attribute value (i.e. “Store2”) corresponding to the first
attribute (i.e. “Channel.id”’) and a second attribute value (i.e.
“North”) corresponding to the second attribute (i.e. “Area”).

[0032] One of the attributes “Channel.id” and “Area” is a
key attribute and the rest of the attributes is at least one
descriptive attribute. Particularly, the attribute “Channel.id”
is the key attribute and the attribute “Area” is the descriptive
attribute. The attribute values (i.e. “Store1” and “Store2”) that
correspond to the key attribute are the key values, while the
attribute values (i.e. “South” and “North”) that corresponds to
the descriptive attribute are the descriptive values.

[0033] Itshould benoted thatthe present invention does not
limit the number of the attributes and the number of the
members in each dimension table. That is, the aforesaid
dimension tables 20, 22 are simply two exemplary dimension
tables of the present invention.

[0034] In some other embodiments, the processor 13 may
further transform each of the attributes and the distinct
attribute values of the dimension tables 20, 22 into a unique
integer.

[0035] A encoding mechanism is adopted for such trans-
formations. For the embodiments that each of the attributes
and the distinct attribute values is transformed into a unique
integer, dimension tables 20, 22 and the fact table 24 may be
stored more compactly.

[0036] The content of the fact table 24 is illustrated in FIG.
2C. The fact table 24 is defined with two key attributes (i.e.
“Product.id” and “Channel.id”’) and a data field (i.e. “Sales™),
wherein each of the key attributes of the fact table 24 is a key
attribute of one of the dimension tables 20, 22. The fact table
24 comprises three fact records 24a, 245, 24¢. Each of the fact
records 24a, 245, 24¢ comprises a first value corresponding to
one of the key attribute, a second value corresponding to
another key attribute, and a piece of data corresponding to the



US 2016/0110396 Al

data field, wherein each of the first value and the second value
is equivalent to one of the key values of one of the dimension
tables 20, 22.

[0037] To be more specific, the fact record 24a comprises a
first value (i.e. “Product2”) equivalent to one of the key values
of the dimension table 20, a second value (i.e. “Storel”)
equivalent to one of the key values of the dimension table 22,
and the piece of data (i.e. 3.00). The factrecord 245 comprises
a first value (i.e. “Productl”) equivalent to one of the key
values of the dimension table 20, a second value (i.e.
“Store1””) equivalent to one of the key values of the dimension
table 22, and the piece of data (i.e. 5.00). The fact record 24¢
comprises a first value (i.e. “Product1”) equivalent to one of
the key values of the dimension table 20, a second value (i.e.
“Store2”) equivalent to one of the key values of the dimension
table 22, and the piece of data (i.e. 3.00). The first values of the
fact records 24a, 245, 24¢ correspond to the key attribute (i.e.
“Product.id”), while the second values of the fact records 24a,
24b, 24c¢ correspond to the key attribute (i.e. “Channel.id”).
[0038] Itshould benoted that the present invention does not
limit the number of key attributes and the number of fact
records in a fact table. That is, the aforesaid fact table 24 is
simply an exemplary fact table of the present invention.
[0039] In this embodiment, the processor 13 generates a
smart index for each of the distinct attribute values (i.e. “Prod-
uct2,” “Storel,” “Productl,” “Store2,” “Product3,” “Food,”
“Electronics,” “Clothes,” “South,” and “North”) in the dimen-
sion tables 20, 22 and integrates the smart indexes into a smart
index record 26 as shown in FIG. 2D. Each of the smart
indexes comprises a first value equivalent to one of the
attribute values, a second value equivalent to the attribute
corresponding to the first value, and a third value indicating a
rank of the first value comparing to the rest attribute values
corresponding to the second value. Particularly, the rank in
this embodiment is a row number of the first value comparing
to the rest attribute values corresponding to the second value
within the corresponding dimension table. It is noted that the
first values of the smart indexes are distinct because these first
values correspond to distinct attribute values. In addition,
each of the smart indexes has an index within the smart index
record 26.

[0040] The content of the smart indexes and the smart index
record 26 are elaborated with several examples shown in FIG.
2D. The processor 13 generates a smart index 26a for the
attribute value “Product2.” Particularly, the smart index 26a
comprises a first value (i.e. “Product2”), a second value (i.e.
“Product.id”) equivalent to the attribute corresponding to the
first value, and a third value (i.e. 2) indicating the rank of the
first value (i.e. “Product2”) comparing to the rest attribute
values (i.e. “Product]” and “Product3”) corresponding to the
second value (i.e. “Product.id”). As mentioned, the rank in
this embodiment is the row number of the first value compar-
ing to the rest attribute values corresponding to the second
value within the dimension table 20. Since the first value (i.e.
“Product2”) is stored in the second row of the dimension table
20, the third value of the smart index 26a is 2.

[0041] Theprocessor 13 generates a smart index 265 for the
attribute value “Storel.” Particularly, the smart index 265
comprises a first value (i.e. “Storel”), a second value (i.e.
“Channel.id”) equivalent to the attribute corresponding to the
first value, and a third value (i.e. 1) indicating the rank of the
first value (i.e. “Storel”) comparing to the rest attribute values
(i.e. “Store2”) corresponding to the second value (i.e. “Chan-
nel.id”). As mentioned, the rank in this embodiment is the row
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number of the first value comparing to the rest attribute values
corresponding to the second value within the dimension table
22. Since the first value (i.e. “Store1”) is stored in the first row
of the dimension table 22, the third value of the smart index
26bis 1.

[0042] Theprocessor 13 generates a smart index 26¢ forthe
attribute value “Productl.” Particularly, the smart index 26¢
comprises a first value (i.e. “Product1™), a second value (i.e.
“Product.id”) equivalent to the attribute corresponding to the
first value, and a third value (i.e. 1) indicating the rank of the
first value (i.e. “Productl”) comparing to the rest attribute
values (i.e. “Product2” and “Product 3”) corresponding to the
second value (i.e. “Product.id”). As mentioned, the rank in
this embodiment is the row number of the first value compar-
ing to the rest attribute values corresponding to the second
value within the dimension table 20. Since the first value (i.e.
“Productl”) is stored in the first row of the dimension table
22, the third value of the smart index 26¢ is 1.

[0043] The processor 13 also generates a smart index for
each of the rest attribute values (i.e. “Store2,” “Product3,”
“Food,” “Electronics,” “Clothes,” “South,” and “North”) as
shown in FIG. 2D. Please be noted that the present invention
does not limit the order of the attribute values when generat-
ing the smart indexes. Afterwards, the processor 13 integrates
these smart indexes into a smart index record 26 and assigns
an index to each of the smart indexes within the smart index
record 26. For example, the index of the smart index 26a with
in the smart index record 26 is 1, the index of the smart index
2656 with in the smart index record 26 is 2, and etc.

[0044] Next, the processor 13 transforms each of the first
values and second values in the fact table 24 to the corre-
sponding index within the smart index record 26 as illustrated
inFIG. 2E. InFIG. 2E, the first value (i.e. “Product2”’) and the
second value (i.e. “Storel”) of the fact record 24a are trans-
formed into 1 (i.e. the index of “Product2” in the smart index
record 26) and 2 (i.e. the index of “Store1” in the smart index
record 26) respectively. The first value (i.e. “Product1”) and
the second value (i.e. “Storel”) of the fact record 245 are
transformed into 3 (i.e. the index of “Productl” in the smart
index record 26) and 2 (i.e. the index of “Storel” in the smart
index record 26) respectively. The first value (i.e. “Product1”)
and the second value (i.e. “Store2”) of the fact record 24¢ are
transformed into 3 (i.e. the index of “Productl” in the smart
index record 26) and 4 (i.e. the index of “Store2” in the smart
index record 26) respectively.

[0045] When a user intends to dig more information about
the fact table 24, a join operation may be applied to the fact
table 24 with reference to a designated descriptive attribute.
The designated descriptive attribute is one of the descriptive
attributes of the dimension tables 20, 22. The attribute values
corresponding to the designated descriptive attribute are the
information that the user intends to learn. The user may input
acommand including a name (or identity) of the fact table 24,
the designated descriptive attribute, and the join operation
through an interface (not shown) of the data processing appa-
ratus 1. After receiving the command, the processor 13
extends the fact table 24 with the designated descriptive
attribute by the join operation. It is emphasized that the trans-
formed fact table 24 shown in FIG. 2E is used in the join
operation.

[0046] For convenience, it is assumed that the designated
descriptive attribute is “Category.” Nevertheless, please be
noted that the designated descriptive attribute may be other
ones. The extension of the fact table 24 with the designated
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descriptive attribute by the join operation is elaborated herein.
The join operation executed by the processor 13 is applied to
each of the fact records 24a, 24b, 24c¢. For each of the fact
records 24a, 245, 24c¢, the join operation locates the smart
index according to the value of the fact record, retrieves the
third value of the located smart index, retrieves one of the
descriptive values from the dimension table according to the
third value and the designated descriptive attribute, and
assigns the retrieved descriptive value as an extended value
corresponding to the designated descriptive attribute within
the fact record. The details of applying the join operation to
each of the fact records 24a, 24b, 24c is described below.

[0047] For the fact record 24a, the join operation locates a
smart index according to the first value (i.e. 1) of the fact
record 24a. The first value of the fact record 24a is used for
locating the smart index because the first value and the des-
ignated descriptive attribute (i.e. “Category”) corresponds to
the same dimension table 20. If the designated descriptive
attribute corresponds to the dimension table 22, the second
value (i.e. 2) will be used for locating the smart index because
the second value corresponds to the dimension table 22. In
this example, the smart index 26a is located because its index
within the smart index record 26 is 1, which is equivalent to
the first value of the fact record 24a. Then, the join operation
retrieves the third value of the located smart index 264, which
is 2. As mentioned, the third value of the located smart index
26a is the row number in essential. Next, the join operation
retrieves the descriptive value “Electronics” from the dimen-
sion table 20 according to the third value (i.e. 2) of the located
smart index 26a and the designated descriptive attribute (i.e.
“Category”). The descriptive value “Electronics” is retrieved
because it is stored in the second row (indicated by the third
value of the located smart index 26a) corresponding to the
designated descriptive attribute (i.e. “Category”). Next, the
join operation assigns the retrieved descriptive value (i.e.
“Electronics™) as an extended value corresponding to the
designated descriptive attribute corresponding to the fact
record 24a. Please see the extended fact record 24a' in the
extended fact table 24' in FIG. 2F.

[0048] For the fact record 245, the join operation locates a
smart index according to the first value (i.e. 3) of the fact
record 244. In this example, the smart index 26¢ is located
because its index within the smart index record 26 is 3, which
is equivalent to the first value of the fact record 24b. Then, the
join operation retrieves the third value of the located smart
index 26¢, which is 1. As mentioned, the third value of the
located smart index 26¢ is the row number in essential. Next,
the join operation retrieves the descriptive value “Food” from
the dimension table 20 according to the third value (i.e. 1) of
the located smart index 26¢ and the designated descriptive
attribute (i.e. “Category”). The descriptive value “Food” is
retrieved because it is stored in the first row (indicated by the
third value of the located smart index 26¢) corresponding to
the designated descriptive attribute (i.e. “Category”). Next,
the join operation assigns the retrieved descriptive value (i.e.
“Food”) as an extended value corresponding to the designated
descriptive attribute corresponding to the fact record 244.
Please see the extended fact record 244" in the extended fact
table 24" in FIG. 2F.

[0049] As to the fact record 24c, the join operation per-
forms similar operations as described above and results in the
extended fact record 24¢' in the extended fact table 24'. The
details are not repeated herein. After the derivation of the
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extended fact table 24, the user is able to know the categories
of each of the extended fact records 24a', 245", 24¢' in the
extended fact table 24'.

[0050] For better performance in the future, the processor
13 may further transforms each of the extended values in the
extended fact table 24' to the corresponding index within the
smart index record 26 by similar fashion as shown in FIG. 2G.
In FIG. 2G, the extended value (i.e. “Electronics”) of the
extended fact record 244" is transformed into 7 (i.e. the index
of “Electronics™ in the smart index record 26). The extended
value (i.e. “Food”) of the extended fact record 245' is trans-
formed into 6 (i.e. the index of “Food” in the smart index
record 26). Likewise, the extended value (i.e. “Food”) of the
extended fact record 24¢' is transformed into 6 (i.e. the index
of “Food” in the smart index record 26).

[0051] According to the above descriptions, each of the
distinct attribute values (i.e. “Product2,” “Storel,” “Prod-
uctl,” “Store2” “Product3)” “Food,” “Electronics,”
“Clothes,” “South,” and “North”) in the dimension tables 20,
22 has a corresponding smart index in the smart index record
26. Furthermore, each of the smart indexes comprises a first
value equivalent to one of the distinct attribute values, a
second value equivalent to the attribute that the first value
corresponds to, and a third value indicating a rank of the first
value (i.e. arow number of the first value comparing to the rest
attribute values corresponding to the second value within the
corresponding dimension table). With these special smart
indexes, a fact table can be rapidly extended by a join opera-
tion and a designated descriptive attribute (which is one of the
distinct attribute values) because attribute values correspond-
ing to the designated descriptive attribute can be quickly
located through the smart indexes. Even when a fact table
comprises millions or billions fact records, a join operation
still can be processed efficiently.

[0052] Please refer to FIGS. 1, 2A, 2B, 2C, 2E and 3 for a
second embodiment of the present invention. In this embodi-
ment, the storage unit 11 is also stored with two dimension
tables 20, 22 and the fact table 24. The content of the dimen-
sion tables 20, 22 and the fact table 24 has been described in
the first embodiment; hence, the details are not repeated
herein. There are two main differences between the first and
second embodiments. First, the smart indexes and the smart
index record are different. Second, the operation that a user
intends to execute is different. Please be noted that the fol-
lowing descriptions will only focused on these differences.

[0053] In this embodiment, the processor 13 generates a
smart index for each of the distinct attribute values (i.e. “Prod-
uct2,” “Storel,” “Productl,” “Store2,” “Product3,” “Food,”
“Electronics,” “Clothes,” “South,” and “North”) in the dimen-
sion tables 20, 22 and integrates the smart indexes into a smart
index record 30 as shown in FIG. 3. Each of the smart indexes
comprises a first value equivalent to one of the attribute val-
ues, a second value equivalent to the attribute corresponding
to the first value, and a third value indicating a rank of the first
value comparing to the rest attribute values corresponding to
the second value. Particularly, the rank in this embodiment is
aprocess order of the first value comparing to the rest attribute
values corresponding to the second value within the corre-
sponding dimension table. It is noted that the first values of
the smart indexes are distinct because these first values cor-
respond to distinct attribute values. In addition, each of the
smart indexes has an index within the smart index record 30.
[0054] The content of the smart indexes and the smart index
record 30 are elaborated with several examples shown in FIG.
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3. In this embodiment, the order for generating the smart
indexes among these distinct attribute values is: “Product2,”
“Storel,” “Productl,” “Store2,” “Product3,” “Food,” “Elec-
tronics,” “Clothes,” “South,” and “North.” However, please
be noted that the present invention does not limit the order of
the attribute values when generating the smart indexes.
[0055] First, the processor 13 generates a smart index 30a
for the attribute value “Product2” according to the aforemen-
tioned order. The smart index 30a comprises a first value (i.e.
“Product2”), a second value (i.e. “Product.id”) equivalent to
the attribute corresponding to the first value, and a third value
(i.e. 1) indicating the rank of the first value (i.e. “Product2”)
comparing to the rest attribute values (i.e. “Product]l” and
“Product3”) corresponding to the second value (i.e. “Product.
id”). As mentioned, the rank in this embodiment is the process
order of the first value comparing to the rest attribute values
corresponding to the second value within the corresponding
dimension table. Since the first value (i.e. “Product2”) is the
first processed attribute value among the attribute values
“Productl,”“Product2,” and ‘“Product3,” the third value of the
smart index 30a is 1.

[0056] Second, the processor 13 generates a smart index
3056 for the attribute value “Channel1” according to the afore-
mentioned order. The smart index 305 comprises a first value
(i.e. “Channel1”), a second value (i.e. “Channel.id”) equiva-
lent to the attribute corresponding to the first value, and a third
value (i.e. 1) indicating the rank of the first value (i.e. “Chan-
nell”) comparing to the rest attribute values (i.e. “Channel2”)
corresponding to the second value (i.e. “Channel.id”). As
mentioned, the rank in this embodiment is the process order
of'the first value comparing to the rest attribute values corre-
sponding to the second value within the corresponding
dimension table. Since the first value (i.e. “Channell”) is the
first processed attribute value among the attribute values
“Channell” and “Channel2,” the third value of the smart
index 305 is 2.

[0057] Third, the processor 13 generates a smart index 30¢
for the attribute value “Product1” according to the aforemen-
tioned order. The smart index 30c comprises a first value (i.e.
“Productl”), a second value (i.e. “Product.id”) equivalent to
the attribute corresponding to the first value, and a third value
(i.e. 2) indicating the rank of the first value (i.e. “Product1”)
comparing to the rest attribute values (i.e. “Product2” and
“Product3”) corresponding to the second value (i.e. “Product.
id”). As mentioned, the rank in this embodiment is the process
order of the first value comparing to the rest attribute values
corresponding to the second value within the corresponding
dimension table. Since the first value (i.e. “Product1”™) is the
second processed attribute value among the attribute values
“Productl,”“Product2,” and ‘“Product3,” the third value of the
smart index 30c is 2.

[0058] The processor 13 also generates a smart index for
each of the rest attribute values (i.e. “Store2,” “Product3,”
“Food,” “Electronics,” “Clothes,” “South,” and “North”)
according to the aforementioned order as shown in FIG. 3.
Afterwards, the processor 13 integrates these smart indexes
into a smart index record 30 and assigns an index to each of
the smart indexes within the smart index record 30. For
example, the index of the smart index 30a with in the smart
index record 30 is 1, the index of the smart index 305 with in
the smart index record 30 is 2, and etc.

[0059] After the generation of the smart index record 30,
the processor 13 transforms each of the first values and sec-
ond values in the fact table 24 to the corresponding index
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within the smart index record 30 as illustrated in FIG. 2E. The
details are the same as those described in the first embodi-
ment; hence, they are not repeated herein.

[0060] When a user intends to dig more information about
the fact table 24, a roll-up operation may be applied to the fact
table 24 shown in FIG. 2E according to a designated key
attribute of the fact table 24. Itis noted that the designated key
attribute is one of the key attributes of the fact table 24. It is
assumed that the designated key attribute of the fact table 24
is “Product.id” for convenience; nevertheless, please be noted
that the designated key attribute may be other ones. For each
of'the fact records 24a, 245, 24¢, the roll-up operation locates
the smart index according to the value of the fact record 24,
retrieves the third value of the located smart index, selects a
storage space corresponding to the third value, and adds the
piece of data into the selected storage space. The details of
applying the roll-up operation to each of the fact records 24a,
24b, 24c is described below.

[0061] Forthe factrecord 24a, the roll-up operation locates
the smart index according to the first value (i.e. 1) of the fact
record 24a. The first value of the fact record 24a is used for
locating the smart index because the first value corresponds to
the designated key attribute “Product.id.” In this example, the
smart index 30a is located because its index within the smart
index record 30 is 1, which is equivalent to the first value of
the fact record 24a. Then, the roll-up operation retrieves the
third value of the located smart index 30a, which is 1. Fol-
lowing that, the roll-up operation selects a storage space (not
shown) corresponding to the third value of the smart index
30a and adds the piece of data (i.e. 3) of the fact record 24a
into the selected storage space. For convenience, it is assumed
that the storage space selected for the fact record 24a is
denoted as S[1]. Hence, the roll-up operation adds 3 to S[1].
If the storage space is initialized to zero, S[1] will be equiva-
lent to 3 after the process of the fact record 24a.

[0062] Forthe factrecord 245, the roll-up operation locates
the smart index according to the first value (i.e. 3) of the fact
record 24b. The first value of the fact record 24b is used for
locating the smart index because the first value corresponds to
the designated key attribute “Product.id.” In this example, the
smart index 30c is located because its index within the smart
index record 30 is 3, which is equivalent to the first value of
the fact record 245. Then, the roll-up operation retrieves the
third value of the located smart index 30a, which is 2. Fol-
lowing that, the roll-up operation selects a storage space (not
shown) corresponding to the third value of the smart index
30c¢ and adds the piece of data (i.e. 5) of the fact record 245
into the selected storage space. For convenience, it is assumed
that the storage space selected for the fact record 246 is
denoted as S[2]. Hence, the roll-up operation adds 5 to S[2].
If the storage space is initialized to zero, S[2] will be equiva-
lent to 5 after the process of the fact record 245. As to the fact
record 24c¢, the roll-up operation performs similar operations
as described above and results in S[2] being updated to 8 (i.e.
5+3=8).

[0063] According to the above descriptions, each of the
distinct attribute values (i.e. “Product2,” “Storel,” “Prod-
uctl,” “Store2” “Product3)” “Food,” “Electronics,”
“Clothes,” “South,” and “North”) in the dimension tables 20,
22 has a corresponding smart index in the smart index record
30. Each of the smart indexes comprises a first value equiva-
lent to one of the distinct attribute values, a second value
equivalent to the attribute that the first value corresponds to,
and a third value indicating a rank of the first value (i.e. a
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process order of the first value comparing to the rest attribute
values corresponding to the second value within the dimen-
sion table). With these special smart indexes, a fact table can
be rapidly roll-up according to a designated key attribute
because the storage spaces for summing up the data of the fact
records can be quickly located. Even when a fact table com-
prises millions or billions fact records, a roll-up operation still
can be processed efficiently.

[0064] Please refer to FIGS. 1, 2A, 2B, 2C, 2E and 4 for a
third embodiment of the present invention. In this embodi-
ment, the storage unit 11 is also stored with two dimension
tables 20, 22 and the fact table 24. The content of the dimen-
sion tables 20, 22 and the fact table 24 has been described in
the first embodiment; hence, the details are not repeated
herein. The difference between the third embodiments and
the aforesaid two embodiments is the third embodiment inte-
grates the smart indexes generated in the aforesaid two
embodiments as shown in FIG. 4. The following descriptions
will only focused on the difference.

[0065] In this embodiment, the processor 13 generates a
smart index for each of the distinct attribute values (i.e. “Prod-
uct2,” “Storel,” “Productl,” “Store2,” “Product3,” “Food,”
“Electronics,” “Clothes,” “South,” and “North”) in the dimen-
sion tables 20, 22 and integrates the smart indexes into a smart
index record 40 as shown in FIG. 4. Each of the smart indexes
comprises a first value equivalent to one of the attribute val-
ues, a second value equivalent to the attribute corresponding
to the first value, a third value indicating a row number of the
first value comparing to the rest attribute values correspond-
ing to the second value within the corresponding dimension
table, and a fourth value indicating the process order of the
first value comparing to the rest attribute values correspond-
ing to the second value within the corresponding dimension
table.

[0066] The details for generating the third value for each
smart index are the same as those described in the first
embodiment, while the details for generating the fourth value
for each smart index are the same as those described in the
second embodiment. Hence, the details are not repeated
herein. Since each of the smart indexes has a third value and
a fourth value, both join operation and roll-up operation can
be performed efficiently in this embodiment.

[0067] In addition to the aforesaid operations, the third
embodiment can also execute all the operations and functions
set forth in the first and second embodiments. How the third
embodiment executes these operations and functions will be
readily appreciated by those of ordinary skill in the art based
on the explanation of the first and second embodiments, and
thus will not be further described herein.

[0068] A fourth embodiment of the present invention is a
data processing method for use in an electronic apparatus
(e.g. the data processing apparatus 1) and a flowchart of the
data processing method is illustrated in FIG. 5A and FIG. 5B.

[0069] First, step S501 is executed by the electronic appa-
ratus for accessing a dimension table. The dimensional table
may be stored in the electronic apparatus or a storage external
to the electronic apparatus. The dimension table is defined
with a plurality of attributes and comprises at least one mem-
ber, wherein each of the at least one member comprises a
plurality of attribute values corresponding to the attributes
one-on-one. One of the attributes is a key attribute and the rest
of the attributes is at least one descriptive attribute. The
attribute values that correspond to the key attribute are the key
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values, while the attribute values that corresponds to the at
least one descriptive attribute are the descriptive values.
[0070] In some embodiments, another step (not shown)
may be executed by the electronic apparatus after the execu-
tion of the step S501 for transforming each of the attributes
and the distinct attribute values into a unique integer.

[0071] Next, step S503 is executed by the electronic appa-
ratus for generating a smart index for each of the distinct
attribute values. Each of the smart indexes comprises a first
value equivalent to one of the attribute values, a second value
equivalent to the attribute corresponding to the first value, and
a third value indicating a rank of the first value comparing to
the rest attribute values corresponding to the second value, the
first values are distinct. In this embodiment, the rank is a row
number of the first value comparing to the rest attribute values
corresponding to the second value within the dimension table.
Following that, step S505 is executed by the electronic appa-
ratus for integrating the smart indexes into a smart index
record, wherein each of the smart indexes has an index within
the smart index record.

[0072] After that, step S507 is executed by the electronic
apparatus for accessing a fact table. The fact table may be
stored in the electronic apparatus or a storage external to the
electronic apparatus. The fact table is defined with the key
attribute and a data field and comprises at least one fact
record. Each of the at least one fact record comprises a value
equivalent to one of the key values and a piece of data corre-
sponding to the data field. Following that, step S509 is
executed by the electronic apparatus for transforming each of
the values in the fact table to the corresponding index within
the smart index record.

[0073] Next, step S511 is executed by the electronic appa-
ratus for extending the fact table with a designated descriptive
attribute by a join operation, wherein the designated descrip-
tive attribute is one of the at least one descriptive attribute. To
be more specific, for each of the fact records, the join opera-
tion executes the steps illustrated in FIG. 5B. As shown in
FIG. 5B, step S521 is executed by the electronic apparatus for
locating the smart index according to the value of the fact
record. Next, step S523 is executed by the electronic appara-
tus for retrieving the third value of the located smart index.
Following that, step S525 is executed by the electronic appa-
ratus for retrieving one of the descriptive values from the
dimension table according to the third value and the desig-
nated descriptive attribute. After that, step S527 is executed
the electronic apparatus for assigning the retrieved descrip-
tive value as an extended value corresponding to the desig-
nated descriptive attribute corresponding the fact record.
After the steps S521, 8523, S525, and S527 have been applied
to every fact record of the fact table, the join operation has
been completed.

[0074] After the step S511, step S513 is executed by the
electronic apparatus for transforming each of the extended
values in the extended fact table to the corresponding index
within the smart index record.

[0075] Inaddition to the aforesaid steps, the fourth embodi-
ment can also execute all the operations and functions set
forth in the first embodiment. How the fourth embodiment
executes these operations and functions will be readily appre-
ciated by those of ordinary skill in the art based on the expla-
nation of the first embodiment, and thus will not be further
described herein.

[0076] A fifthembodiment of the present invention is a data
processing method for use in an electronic apparatus (e.g. the
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data processing apparatus 1) and a flowchart of the data
processing method is illustrated in FIG. 6 A and FIG. 6B.
[0077] Inthis embodiment, the aforementioned steps S501,
S503, S505, S507, and S509 are also executed by the elec-
tronic apparatus. In this embodiment, the smart indexes gen-
erated in the step S503 are a little bit different from those
generated in the fourth embodiment. The step S503 generates
a smart index for each of the distinct attribute values, wherein
each of the smart indexes comprises a first value equivalent to
one of the attribute values, a second value equivalent to the
attribute corresponding to the first value, and a third value
indicating a rank of the first value comparing to the rest
attribute values corresponding to the second value. Particu-
larly, the rank is a process order of the first value comparing
to the rest attribute values corresponding to the second value
within the dimension table. For the rest steps S501, S505,
S507, and S509, they are the same as those described in the
fourth embodiment; hence, the details are not repeated herein.
[0078] In this embodiment, step S611 is executed by the
electronic apparatus after the execution of the step S509. To
be more specific, step S611 is executed for performing a
roll-up operation to the fact table according to the key
attribute of the fact table. To be more specific, for each of the
fact records, the roll-up operation executes the steps illus-
trated in FIG. 6B. As shown in FIG. 6B, step S621 is executed
by the electronic apparatus for locating the smart index
according to the value of the fact record. Next, step S623 is
executed by the electronic apparatus for retrieving the third
value of the located smart index. Following that, step S625 is
executed by the electronic apparatus for selecting a storage
space corresponding to the third value. Afterwards, step S627
is executed by the electronic apparatus for adding the piece of
data into the selected storage space. After the steps S621,
S623, S625, and S627 have been applied to every fact record
of the fact table, the roll-up operation has been completed.
[0079] In addition to the aforesaid steps, the fifth embodi-
ment can also execute all the operations and functions set
forth in the second embodiment. How the fifth embodiment
executes these operations and functions will be readily appre-
ciated by those of ordinary skill in the art based on the expla-
nation of the second embodiment, and thus will not be further
described herein.

[0080] Based on the descriptions in the fourth and fifth
embodiments, persons having ordinary skill in the art are able
to conceive the idea of having a sixth embodiment that com-
bines the steps addressed in both the fourth and fifth embodi-
ments. For the sixth embodiment, the smart indexes generated
in the step S503 are a little bit different from those generated
in the fourth and fifth embodiments.

[0081] To be more specific, the step S503 generating a
smart index for each of the distinct attribute values. Particu-
larly, each of the smart indexes comprises a first value equiva-
lent to one of the attribute values, a second value equivalent to
the attribute corresponding to the first value, a third value
indicating a row number of the first value comparing to the
rest attribute values corresponding to the second value within
the corresponding dimension table, and a fourth value indi-
cating the process order of the first value comparing to the rest
attribute values corresponding to the second value within the
corresponding dimension table.

[0082] Since each ofthe smart indexes has a third value and
a fourth value, both join operation (by the steps S511, S513,
S521, S523, S525, and S527) and roll-up operation (by the
steps S611, S621, S623, S625, and S627) can be performed
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efficiently in this embodiment as well. Since these steps have
been described in the fourth and fifth embodiments, the
details are not repeated herein.

[0083] The data processing methods in the fourth, fifth, and
sixth embodiments may be implemented as a computer pro-
gram. When the computer program is loaded into an elec-
tronic apparatus, a plurality of codes comprised in the com-
puter program are able to perform the data processing
methods of the fourth, fifth, and sixth embodiments. This
computer program may be stored in a tangible machine-
readable medium, such as a read only memory (ROM), a flash
memory, a floppy disk, a hard disk, a compact disk (CD), a
mobile disk, a magnetic tape, a database accessible to net-
works, or any other storage media with the same function and
well known to those skilled in the art.

[0084] According to the above descriptions, the present
invention generates a smart index for each of the distinct
attribute values in the dimension table(s) and integrates these
smart indexes in a smart index record. Each of the smart
indexes comprises a first value equivalent to one of the dis-
tinct attribute values, a second value equivalent to the
attribute that the first value corresponds to, and at least a third
value indicating a rank of the first value comparing to the rest
attribute values corresponding to the second value.

[0085] Depending on different scenarios, the third value of
a smart index may be of different values. In some embodi-
ments, the third value of a smart index may be a row number
of'the first value comparing to the rest attribute values corre-
sponding to the second value within the dimension table. For
these embodiments, a join operation can be performed effi-
ciently. Yet in some other embodiments, the third value of a
smart index may be a process order of the first value compar-
ing to the rest attribute values corresponding to the second
value within the dimension table.

[0086] The above disclosure is related to the detailed tech-
nical contents and inventive features thereof. People skilled in
this field may proceed with a variety of modifications and
replacements based on the disclosures and suggestions of the
invention as described without departing from the character-
istics thereof. Nevertheless, although such modifications and
replacements are not fully disclosed in the above descrip-
tions, they have substantially been covered in the following
claims as appended.

What is claimed is:

1. A data processing apparatus, comprising:

a storage unit, being stored with a dimension table, wherein
the dimension table is defined with a plurality of
attributes and comprises at least one member, each ofthe
at least one member comprises a plurality of attribute
values corresponding to the attributes one-on-one; and

aprocessor, being electrically connected to the storage unit
and configured to generate a smart index for each of the
distinct attribute values and integrate the smart indexes
into a smart index record;

wherein each of the smart indexes comprises a first value
equivalent to one of the attribute values, a second value
equivalent to the attribute corresponding to the first
value, and a third value indicating a rank of the first value
comparing to the rest attribute values corresponding to
the second value, the first values are distinct, and each of
the smart indexes has an index within the smart index
record.

2. The data processing apparatus of claim 1, wherein one of

the attributes is a key attribute and the rest of the attributes is
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at least one descriptive attribute, the attribute values that
correspond to the key attribute are the key values, the attribute
values that corresponds to the at least one descriptive attribute
are the descriptive values, the storage unit is further stored
with a fact table, the fact table is defined with the key attribute
and a data field, the fact table comprises at least one fact
record, each of the at least one fact record comprises a value
equivalent to one of the key values and a piece of data corre-
sponding to the data field, and the processor further trans-
forms each of the values in the fact table to the corresponding
index within the smart index record.

3. The data processing apparatus of claim 2, wherein the
rank is a row number of the first value comparing to the rest
attribute values corresponding to the second value within the
dimension table.

4. The data processing apparatus of claim 3, wherein the
processor further extends the fact table with a designated
descriptive attribute by a join operation, the designated
descriptive attribute is one of the at least one descriptive
attribute, wherein for each of the fact records, the join opera-
tion locates the smart index according to the value of the fact
record, retrieves the third value of the located smart index,
retrieves one of the descriptive values from the dimension
table according to the third value and the designated descrip-
tive attribute, and assigns the retrieved descriptive value as an
extended value corresponding to the designated descriptive
attribute corresponding to the fact record.

5. The data processing apparatus of claim 4, wherein the
processor further transforms each of the extended values in
the extended fact table to the corresponding index within the
smart index record.

6. The data processing apparatus of claim 2, wherein the
rank is a process order of the first value comparing to the rest
attribute values corresponding to the second value within the
dimension table.

7. The data processing apparatus of claim 6, wherein the
processor further performs aroll-up operation to the fact table
according to the key attribute of the fact table, wherein for
each of the fact records, the roll-up operation locates the
smart index according to the value of the fact record, retrieves
the third value of the located smart index, selects a storage
space corresponding to the third value, and adds the piece of
data into the selected storage space.

8. The data processing apparatus of claim 5, wherein each
of the smart indexes further comprises a fourth value, the
fourth is a process order of the first value comparing to the rest
attribute values corresponding to the second value within the
dimension table, the processor further performs a roll-up
operation to the extended fact table according to the desig-
nated descriptive attribute of the extended fact table, wherein
for each of the fact records in the extended fact table, the
roll-up operation locates the smart index according to the
extended value of the fact record, retrieves the fourth value of
the located smart index, selects a storage space corresponding
to the retrieved fourth value, and adds the piece of data of the
fact record into the selected storage space.

9. The data processing apparatus of claim 1, wherein the
processor further transforms each of the attributes and the
distinct attribute values into a unique integer.

10. A data processing method for use in an electronic
apparatus, comprising the following steps of:

accessing a dimension table, wherein the dimension table

is defined with a plurality of attributes and comprises at
least one member, wherein each of the at least one mem-
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ber comprises a plurality of attribute values correspond-
ing to the attributes one-on-one;

generating a smart index for each of the distinct attribute

values, wherein each of the smart indexes comprises a
first value equivalent to one of the attribute values, a
second value equivalent to the attribute corresponding to
the first value, and a third value indicating a rank of the
first value comparing to the rest attribute values corre-
sponding to the second value, the first values are distinct;
and

integrating the smart indexes into a smart index record,

wherein each of the smart indexes has an index within
the smart index record.

11. The data processing method of claim 10, wherein one
of'the attributes is a key attribute and the rest of the attributes
is at least one descriptive attribute, the attribute values that
correspond to the key attribute are the key values, the attribute
values that corresponds to the atleast one descriptive attribute
are the descriptive values, and the data processing method
further comprises the steps of:

accessing a fact table, wherein the fact table is defined with

the key attribute and a data field, the fact table comprises
at least one fact record, each of the at least one fact
record comprises a value equivalent to one of the key
values and a piece of data corresponding to the data field;
and

transforming each of the values in the fact table to the

corresponding index within the smart index record.

12. The data processing method of claim 11, wherein the
rank is a row number of the first value comparing to the rest
attribute values corresponding to the second value within the
dimension table.

13. The data processing method of claim 12, further com-
prising the step of:

extending the fact table with a designated descriptive

attribute by a join operation, the designated descriptive

attribute being one of the at least one descriptive

attribute, wherein for each of the fact records the join

operation comprises the following steps of:

locating the smart index according to the value ofthe fact
record;

retrieving the third value of the located smart index;

retrieving one of the descriptive values from the dimen-
sion table according to the third value and the desig-
nated descriptive attribute; and

assigning the retrieved descriptive value as an extended
value corresponding to the designated descriptive
attribute corresponding the fact record.

14. The data processing method of claim 13, further com-
prising the step of:

transforming each of the extended values in the extended

fact table to the corresponding index within the smart
index record.

15. The data processing method of claim 11, wherein the
rank is a process order of the first value comparing to the rest
attribute values corresponding to the second value within the
dimension table.

16. The data processing method of claim 15, further com-
prising the step of:

performing aroll-up operation to the fact table according to

the key attribute of the fact table, wherein for each of the
fact records, the roll-up operation comprises the follow-
ing steps of:
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locating the smart index according to the value ofthe fact
record;
retrieving the third value of the located smart index;
selecting a storage space corresponding to the third
value; and
adding the piece of data into the selected storage space.
17. The data processing method of claim 14, wherein each
of the smart indexes further comprises a fourth value, the
fourth is a process order of the first value comparing to the rest
attribute values corresponding to the second value within the
dimension table, and the data processing method further com-
prises the step of:
performing a roll-up operation to the extended fact table
according to the designated descriptive attribute of the
extended fact table, wherein for each of the fact records
in the extended fact table, the roll-up operation compris-
ing the steps of:
locating the smart index according to the extended value
of the fact record;
retrieving the fourth value of the located smart index;
selecting a storage space corresponding to the retrieved
fourth value; and
adding the piece of data of the fact record into the
selected storage space.
18. The data processing method of claim 10, further com-
prising the step of:
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transforming each of the attributes and the distinct attribute

values into a unique integer.

19. A non-transitory tangible machine-readable medium,
being stored with a computer program, the computer program
comprising a plurality of codes, the codes being able to
execute a data processing method when the computer pro-
gram is loaded into an electronic apparatus, the data process-
ing method comprising the steps of:

accessing a dimension table, wherein the dimension table

is defined with a plurality of attributes and comprises at
least one member, wherein each of the at least one mem-
ber comprises a plurality of attribute values correspond-
ing to the attributes one-on-one;

generating a smart index for each of the distinct attribute

values, wherein each of the smart indexes comprises a
first value equivalent to one of the attribute values, a
second value equivalent to the attribute corresponding to
the first value, and a third value indicating a rank of the
first value comparing to the rest attribute values corre-
sponding to the second value, the first values are distinct;
and

integrating the smart indexes into a smart index record,

wherein each of the smart indexes has an index within
the smart index record.
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