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CLAIMS

1. A database management apparatus comprising:

A) a first data store that stores, in a plurality of first memory units, a copy of the data
of a logical database model according to a first physical layout, the logical database model
comprising at least one table group, wherein each table group includes one root table and at least
one other table distinct from the root table and related thereto, cach table in the table group being
characterized as having columns of attributes and rows of data, wherein each of the plurality of
first memory units includes, as a first composite entity, all the data from at least one row of a root
table and all related rows of data from the at least one other table related thereto such that rows
from multiple distinct tables of the table group are inherently linked and stored in the first
memory unit as the first composite entity, the first physical layout providing sequential access, as
the first composite entity, to all the data in that root table row and the related data from the at
least one other table in response to a query of a first type, the sequential access taking place
without individual random accesses to the root table and the at least one other table related
thereto, thereby eliminating a need to process a join operation each time such relationship is
accessed, and

B) a second data store that stores, in a plurality of second memory units, a redundant
copy of the data of .the logical database model according to a second physical layout wherein
each second memory location includes all data from at [east one of the attributes and all the
corresponding values of that attribute, the second physical layout providing sequential access, as
a set of columns, to the data in each attribute in response to a query of a second type; and

C) a data dictionary populated with information from the logical database model that

identifies relationships among the tables in different ones of the table groups.

2. The database management apparatus as recited in claim 1 wherein each of the

memory units in the first and second data store comprises contiguous memory locations,

3. The database management apparatus as recited in claim 1 wherein the data for

each table group is stored in a container including clusters and cluster rows and wherein:
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i) a cluster row comprises a header with a cluster row identification and a body for
data for each row in the tables in the table group,

ii) a cluster comprises cluster rows for one row in the root table and corresponding
rows in each related table in. the table group, and

iii)  acontainer comprises all the clusters for the table group.

4. The database management apparatus as recited in claim 3 wherein the cluster row

identification includes an identifier for the cluster and the corresponding table in the table group.

5. The database management apparatus as recited in ¢laim 4 wherein each table
includes a unique identifier for each row therein and each cluster identifier comprises the value
of the unique identifier for the root table and each cluster row identifier comprises the unique

identifier for the row in the table.

6. The database management apparatus as recited in claim 4 wherein each header

additionally identifies the table in the logical database model associated with a cluster row.

7. The database management apparatus as recited in claim 4 wherein each header

-additionally includes an attribute identifier for identifying each attribute in a cluster row and

whether the attribute is present in that cluster row,

8. The database management apparatus as recited in claim 4 wherein each header

additionally includes a pointer to attribute values in the body of the cluster row.

9. The database management apparatus as recited in claim 4 wherein the information

in each cluster row is stored in contiguous memory locations.

10.  The database management apparatus as recited in claim 9 wherein the information

in each cluster is stored in contiguous memory locations,
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[1.  The database management apparatus as recited in claim 10 wherein the

information In each container is stored in contiguous memory locations,

12, The database management apparatus as recited in claim 2 wherein second data
store comprises a column container for each combination of a table and attribute, each column

container comprising a header and column data.

13.  The database management apparatus as recited in claim 12 wherein each header

includes an identification of a logical table and one attribute therein.

14.  The database management apparatus as recited in claim 13 wherein the container

identification is a concatenation of a table name and the name of the attribute.

15.  The database management apparatus as recited in claim |3 wherein each header

additionally includes a column type value that identifies the structure of the data for that attribute,

16.  The database management apparatus as recited in claim 15 wherein the column
type value identifies a code table and the header additionally includes a code table field that

identifies the values for each code.

17.  The database management apparatus as recited in claim 13 wherein the column
type value identifies a value having variable length, the header additionally including an attribute

stride position vector having pointers to the locations of the column data.
18.  The database management apparatus as recited in claim 13 wherein each header
additionally includes a data type field that indicates a characteristic of the data values in the

column container.

19.  The database management apparatus as recited in claim 13 wherein each header

additionally includes an attribute stride position vector that points to certain locations in the
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column data.

20. A method for generating a data structures for data contained in a logical database
with tables in different relationships and a data dictionary, the method comprising:

A) forming table groups from the tables in the logical database based on the data in
the data dictionary including, for each table group, a root table and one or more tables related
thereto, at least one table in the table group having a column structure that differs from the
column structure of another table in the table group, the data dictionary populated with
information from the logical database that identifies relationships among the tables in different
ones of the table groups,

B) creating, for each table group, a data store unit for storing the data for the logical
database in a first physical layout wherein each of a plurality of first memory units includes, as a
composite entity, all the data from one row of the root table and relevant rows of data from the
related tables such that rows from multiple distinct tables of the table group are stored in the first
memory unit as the composite entity, the composite entity being adapted for sequential access
without individual random accesses to the root table and the relevant rows of data from the
related tables or any associated join operation, and

C) creating, for each table and attribute in the table group, another data store unit for
storing a redundant copy of the data of the logical database in a plurality of second memory units
in a second physical layout wherein ¢ach second memory unit includes all the data from an

attribute in the database and all the corresponding values of that attribute,

21. A method for responding to a query to a logical database with root and related
tables in different relationships and a data dictionary that identifies each table and a table group
for that table in the database, the data dictionary populated with information from the logical
database that identifies relationships among the tables in different ones of the table groups,
wherein each of the tables includes attributes in columns and data in rows, comprising;

storing a copy of the data in a plurality of first memory units according to a first physical
layout wherein each first memory unit includes, as a composite entity, all the data from at least

one row of a root table together with all related data from the one or more other tables related
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thereto such that rows from multiple distinct tables of the table group are stored in the first
memory unit as the composite entity, the composite enlity being adapted for sequential access
without individual random accesses to the root table and the relevant rows of data from the
related tables or any associated join operation;

storing a redundant copy of the data in a plurality of second memory units according to a
second physical layout wherein each second memory unit includes all the data from at least one
of the attributes together with all the corresponding values of that attribute; and

responding to the query, for each table group, according to the following sub-steps:

A) identifying table groups and the tables in the query,

B) parsing the query by comparing the tables in the table group as provided by the
data dictionary to the identified query tables,

C) extracting a list of attributes in the query that are contained in tables that are
common to the database and to the query,

D) identifying one of a plurality of processing options in response to the extracted list
of attributes, and

E) processing the selected option to obtain the data in an intermediate resultset from
the database that satisfies those portions of the query that related to the table group, and

F) combining the intermediate resultsets to obtain a final resultset that satisfies the

query.

22. A computer program product comprising tangible machine-readable program
instructions executable by a processor to perform a method of managing data grouped according
to a logical database model, the logical database model associated with a data dictionary and
comprising at least one table group, each table group including one root table and one or more
other tables distinct from the root table and related thereto, each table in the table group having
columns of attributes and rows of data, at least one table in the table group having a column
structure that differs from the column structure of another table in the table group, the data
dictionary populated with information from the logical database model that identifies

relationships among the tables in different ones of the table groups, the method comprising:
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storing a copy of the data in a plurality of first memory units according to a first physical
layout wherein each first memory unit includes, as a composite entity, all the data from at least
one row of a root table together with all related rows of data from the one or more other tables
related thereto such that rows from multiple distinct tables of the table group are stored in the
first memory unit as the composite entity; and

responsive to a query of a first type, sequentially accessing and providing, as the
composite entity, all the data in a row of the root table together with all related data from the one
or more other tables related thereto;

the sequential accessing and providing step taking place in response to the query without
individual random accesses to the root table and the one or more other tables or any associated
join operation;

storing a redundant copy of the data in a plurality of second memory units according to a
second physical layout wherein each second memory unit includes all the data from at least one
of the attributes together with all the corresponding values of that attribute; and

responsive to a query of a second type, sequentially accessing and providing, as a set of

columns, the data in each attribute.

COMS ID No: ARCS-358200 Received by IP Australia: Time (H:m) 10:14 Date (Y-M-d) 2012-02-27



PCT/US2009/030169

WO 2009/089190

1/38

L&Y HOTE
33 43 1€
_N N Ve A N\
9¢ 3
)
( be
. LE 0¥ N
IANTD A ~ NOILLAI¥IS3q .
it FLYAHLIE 1105 a3Hsnand 1DVINOD
c AWYNLSHT SLVLS ST s 3LVAH.LIE
JNYNILYLS ANYNLSYT A1LVAY3ado ADIOQEPk Gl INVNLSYI
3A003LYLS ALVLSU| > M QRIEAWOLSNOM | i T arwaauon || | | arsoHLnwy | Sd | 2wvnisvy
QIALVIS| Md [ | araawoLsno|did f« ArIEQI0 id [« AL id| s{ apiooa | did | el arorLay | dd
JLVISIA HIAWOLSNDIF dAAY0oIqt W3LUq 2004 HOHLNVIA
sb e - 9 b s
A
o€




WO 2009/089190 PCT/US2009/030169

2/38
30
.
AUTHOR TABLE 34-
AUTHORID | LASTNAME | FIRSTNAME | BIRTHDATE | CONTACT
200 JONES SAM 5/3/1938 X
245 SMITH BARBARA 12/13/1939
, 35
: BOOK TABLE g \31
BOOKID | AAUTHORID | TITLE LIST PUBLISHED IDESCRIPTION
1 200 TITLE-99 $17.00 | 10/28/1980 | FICTION
2 245 TITLE-20 $20.00 4/5/1968 | BIOGRAPHY
3 200 TITLE35 $76.00 5/6/1978 NEWS
4 245 TITLE-L $46.00 4/5/1968 | FICTION | |
CUSTOMER TABLE
CUSTOMERID| LASTNAME | FIRSTNAME | BIRTHDATE | GENDER | (KGTATE
20 APPLE ADAM 1/20/1965 M 12
21 BIRD — BONNIE 4/10/1974 F 26
: ORDER TABLE 37 365
ORDERID [fkCUSTOMERID] ORDERDATE STATUS |
100 20 12/14/2006 OPEN
101 21 4/5/2006 DELIVERED .
102 20 5/6/2007 BACK ORDER o
TTEM TABLE 40
ITEMID | fkORDERID fBOOKID SALE
2013 102 1 $13.60
4100 100 4 $36.80
4101 101 2 $16.00
4102 100 3 $66.00 )
_ STATE TABLE ' 41 )
STATEID | STATECODE NAME .
12 AL FLORIDA 733
26 MA__ |MASSACHUSETTS J
FiG, 2
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<?xml version="1.0" encoding="150-8859-1"?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema">

310
<xs:element name="CustomerContainer" type="CustomerList"/>__/
311
<xs:complexType name="Customertist">__/
<xs:sequence> 313

<xs:element name="Customer" minOccurs="0" maxOccurs="unbounded">___/
<xs:complexType> ’
<xs:sequence>
<xs:element name="LastName" type="xs:string"/>
. <xs:element name="FirstName" type="xs:string"/>
314 <xs:element name="BirthDate" tvpe="xs:date"/>
! <xs:element name="Gender" type="xs:string"/>
~ <xs:element name="fkState" type="xs:positiveInteger"/> 315
~ <xs:element name="0rder" minOccurs="0" maxOccurs="unbounded">__/
<xs:complexType>
j <Xs:sequence>
316< <xs:element name="0OrderID" type="xs:positivelnteger"/>
<xs:element name="tkCustomerID" type="xs:positivelnteger"/>
<xs:element name="0rderDate" type="xs:date"/>
<xs:element name="Status" type="xs:string"/> 317
’( <xs:element name="Item" minOccurs="0" maxOccurs="unbounded">__/
|
|

<xs:complexType>
<Xxs:seqguence>
- <xs:element name="TtemID" type="xs:positiveInteger"/>
<xs:element name="fkOrderID" type="xs:positivelnteger"/>
<xs:element name="fkBookID" type="xs:positivelnteger"/>
<xs:element name="Sale" type="xs:decimal"/>
</Xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs.element>
319 </xs:sequence>
\_ <xs:attribute name="CustomerID" type="xs:positiveInteger" use="required"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>

Q.

=

(0]
./)\\

—

</xs:schema>

FIG. 18
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<?xml version="1.0" encoding="IS0-8859-1"?>

<CustomerContainer xmins:xsi="http://www.w3.0rg/2001/XMLSchema">

{ <Customer CustomerID="20">
( <LastName>APPLE</LastName>
200A <FirstName>ADAM</FirstName>
<BirthDate>1965-01-20</BirthDate>
<Gender>M</Gender>

~  <fkState>12</fkState>

( <Order>
<OrderID>100</OrderID>

201A < <fkCustomerID>20</fkCustomerID>
| <OrderDate>2006-12-14</OrderDate>
\_  <Status>OPEN</Status>
o <lem>
[ <ItemID>4100</ItemID>

203A j <fkOrderID>100</fkOrderiD>

<fkBookID>300102</fkBookID>
<Sale>36.80</Sale>
. </ltem>
1°4A< ( <Item>
i <ItemID>4102</ItemID>
| <fkOrderID>100</fkOrderID>
; <fkBookID>250004</fkBookiD>
| <Sale>66.00</Sale>
(\ </Item>
</Order>

<fkCustomerID>20</fkCustomerID>
' <OrderDate>2007-05-06</OrderDate>
\_ <Status>BACK ORDER</Status>
( <Item>
<ItemID>4013</ItemiID>
<fkOrderID>102</fkOrderID>
<fkBookID>100600</fkBookID>
<Sale>13.60</Sale>
<[Ttem>
</Order>
</Customer>

<Order>
<OrderID>102</OrderiD>
202A

2054 4}' |
|
L

—

<Customer CustomerID="21">
<..>
195A J </Customer>

</CustomerContainer> Ff G. z 9

N
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