Office de la Proprieté Canadian CA 2434081 C 2009/06/16

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 434 081
Findustrie Canada Industry Canada a2 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2002/02/01 (51) CLInt./Int.Cl. GO6F 77/30(2006.01)
(87) Date publication PCT/PCT Publication Date: 2002/08/08 | (72) Inventeurs/Inventors:
“1; . VON BERGEN, AXEL, DE;
(45) Date de délivrance/lssue Date: 2009/06/16 SCHWARZ. ARNE. DE:
(85) Entree phase nationale/National Entry: 2003/07/03 SAUERMANN, VOLKER, DE
(86) N° demande PCT/PCT Application No.: EP 2002/001026 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2002/061612 SAP AKTIENGESELLSCHAFT, DE
(30) Priorité/Priority: 2001/02/01 (DE101 04 831.9) (74) Agent: BERESKIN & PARR LLP

(54) Titre : STRUCTURES DE DONNEES FASIANT APPEL A DES OBJETS ET POINTEURS SOUS FORME DE
STRUCTURE ARBORESCENTE
(54) Title: DATA STRUCTURES UTILIZING OBJECTS AND POINTERS IN THE FORM OF A TREE STRUCTURE

LVR

IF

(57) Abréegée/Abstract:

Database structure for storage of data within a computer system, with at least one data element of a first type associated with data
elements of a second type, representing database entries, and data elements of a third type, associated with said data elements of
the second type, wherein the data elements of the second type are arranged In a first tree structure, and wherein the data elements
of the third type are arranged In a second tree structure.

SR SR VENEN

S TR

TR RN/
4

I*I - - o, B e
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca oric B w omE
OPIC - CIPO 191




WO 02/061612 A2

CA 02434081 2003-07-08

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

(10) International Publication Number

8 August 2002 (08.08.2002) PCT WO 02/061612 A2

(51) International Patent Classification”: GO6F 17/30
(21) International Application Number: PCT/EP02/01026
(22) International Filing Date: 1 February 2002 (01.02.2002)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
101 04 831.9 1 February 2001 (01.02.2001) DE

(71) Applicant (for all designated States except US): SAP AK-
TIENGESELLSCHAFT [DE/DE]; Dr. Harald Hagedorn,
Intellectual Property Department, Neurottstr. 16, 69190
Walldorf (DE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): VON BERGEN,
Axel [DE/DE]; Breslauerstr. 27, 69168 Wiesloch (DE).
SCHWARZ, Arne [DE/DE]; Hildastr. 2, 69115 Heidel-
berg (DE). SAUERMANN, Volker [DE/DE]; Keplerstr.
24, 69120 Heidelberg (DE).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, 7M, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BE, Bl, CFL, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: DATA STRUCTURE FOR INFORMATION SYSTEMS

IF

(§7) Abstract: Database structure for storage of data within a
computer system, with at least one data element of a first type as-
sociated with data elements of a second type, representing data-
base entries, and data elements of a third type, associated with said
data elements of the second type, wherein the data elements of the
second type are arranged in a first tree structure, and wherein the
data elements of the third type are arranged in a second tree struc-
ture.



10

15

20

25

30

35

CA 02434081 2008-09-24

Data structures utilizing objects and pointers in the form
of a tree structure
Technical Field

e~ v ——

Embodiments of the i1nvention generally relate to a data
structure for information storage systems, such as

database systems.

Background

S ——— e ——

In computer based data storage systems, data 1s stored 1in
and retrieved from some medium, such as a memory and a
hard disk drive. In known systems, the data 1s stored in a
data structure such as for example a structure based on
the relational model. Although data stored using the known
data storage systems can be stored, searched and
retrieved, the time required for the retrieval can be
considerable, especially in case of complex queries.
Furthermore, constructing an efficient data model 1s
complicated and therefore costly. Once a database layout
or data model 1s defined, later alterations are difficult
to implement, and almost always lead to loss of

performance.

To speed up response time for queries into the database,
often a query optimiser 1s used, for example a rule based
optimiser or a cost based optimiser. The rule based
optimiser uses a set of predefined rules. The cost based
optimiser uses statistical information about the data to
structure queries, by estimating the selectivity of each
query component and leading the search path along the most
selective components first. Even though using the known
optimisers can shorten the average response time, the need

exists for optimisers that optimise each specific query.

Summary
Embodiments generally relate to a database structure for

storage of data within a computer system, with at least
._1._
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one data element of a first type associated with data
elements of a second type, representing database entries,
and data elements of a third type, associated with said
data elements of the second type, wherein the data
elements of the second type are arranged i1in a first tree
structure, and wherein the data elements of the third type

are arranged in a second tree structure.

In another aspect, embodiments generally relate to a
method for optimising a database query, comprising the
steps of decomposing a search criterion in sections,
wherein the database structure has at least one data
element of a first data type associated with data elements
of a second data type and wherein a section represents a
set of data elements of the second data type, the data
elements being connected through pointers in a tree
structure in which the data elements of the second data
type are arranged, wherein data elements of a third type
represent data records associated with data elements of
the second type and the data elements of the third type
are arranged in a further tree structure; determining for
each section a number of hits on the actual database
structure; and selecting a database query path according

to the determined number of hits for each section.

In a further aspect, embodiments relate to a computer
system implementing a database structure for storage of
data within the computer system, with at least one data

element of a first type associated with data elements of a

second type, representing database entries, and data
elements of a third type, associated with the data
elements of the second type, wherein the data elements of
the second type are arranged in a first tree structure,
and wherein the data elements of the third type are

arranged in a second tree structure.

- ) -
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In another aspect, embodiments generally relate to
computer-readable storage, storing a database structure
for storage of data within a computer system, with at
least one data element of a first type associated with
data elements of a second type, representing database
entries, and data elements of a third type, associated
with the data elements of the second type, wherein the
data elements of the second type are arranged in a first
tree structure, and wherein the data elements of the third

type are arranged in a second tree structure.

In another aspect, embodiments generally relate to
computer-readable storage media, storing computer program
instructions, which when executed by a computer system,
cause the computer to perform a method of optimising a
database query, comprising the steps of decomposing a
search criterion in sections, wherein the database
structure has at least one data element of a first data
type associated with data elements of a second data type
and wherein a section represents a set of data elements of
the second data type, the data elements being connected
through pointers in a tree structure in which the data
elements of the second data type are arranged, wherein
data elements of a third type represent data records
associated with data elements of the second type and the
data elements of the third type are arranged in a further
tree structure; determining for each section a number of

hits on the actual database structure; and selecting a

database query path according to the determined number of

hits for each section

By using the described structure, a database can be built

easily, while alterations are easily performed.
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Certain embodiments also relate to a query optimiser. By

determination of actual data elements that are found

within a query section, a deterministic analysis of the

actual query path for the specific query can be made.

Therefore the best path for each query can be determined,

leading to optimum query times for each query.

Brief Description of the Drawings
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multi

shows schematically the hierarchical structure
of the system according to one embodiment,
shows a data type according to the invention,
shows an InfoType structure with an anchor and
an InfoCell,

shows two InfoCells according to one embodiment,
shows an InfoCluster with three InfoTypes 1n a
binary tree configuration,

shows an InfoCourse as a binary tree, sorted by
the InfoType - Identification number,

shows a sub structure of 4-dimensionally linked
InfoCell elements with a table of the
represented content,

shows a double link Self Ring with numbers the
element counter of the ring,

shows a number for the element counter of a
dimensional structure,

shows a table as a 6 dimensional structure,
shows cascading InfoBridges,
shows an InfoBridge with eight flags,

shows an example of a tree structure,

shows a simplification of Fig. 13,

shows a first example,
shows a second example,
shows a third example,

17,

17,

shows the example from Fiqg.

shows the example from Fig.

- 4 -
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Figure 20 shows the example from Fig. 17,
Figure 21 shows a fourth example,
Figure 22 shows a fifth example, and

Figure 23 shows a sixth example.

Detailed Description
In the following, an example embodiment of a data storage

system is described. The described example embodiment 1s
implemented according to a relational database model. The
described system is not limited to use within the
constraints of a known relational database architecture.
It is however possible to implement the described
embodiments mainly according to the rules of a relational
database. The described database elements roughly
translate to the known nomenclature of the relational
database theory as follows (with the definitions according

to the invention on the left):

InfoSystem J Management System
InfoArea J Database
InfoCluster | Table

InfoType I Attribute
InfoCourse | Data record
InfoCell I Field

InfoBridge | not available

Note that for the InfoBridge (which will be described
hereinafter), no counterpart exists within the relational

database field.

In fig. 1 a diagram is shown of the static hierarchy of a

data system according to one embodiment. The highest level
in the data system is the InfoSystem level. Down from the

top level one or more InfoAreas are connected to the

InfoSystem. The InfoSystem provides the system in run time

- 4a -
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with the algorithms necessary to operate the system. The
InfoSystem is connected to any number of InfoAreas through
a linking element, which will be described hereinafter as
an anchor. These InfoAreas can for example refer to

logical units of the InfoSystem.

Each InfoArea 1s connected via a linking element (again an
anchor as described hereinafter) to an InfoCluster. In
turn, each InfoCluster 1s connected to at least one
InfoCourse and at least one InfoType, through respective
linking elements such as anchors. The InfoType can be seen
as an attribute of a table; an InfoCourse starts always in
an InfoCluster. If an InfoCourse stays within an

InfoCluster with 1ts addressed InfoCell ele-
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ments, that correspond with a field of a table, then it

is similar to a record of a table.

Under the InfoCourse and the InfoType the InfoCell is
5 found; this is the element on the lowest level in the
hierarchical structure. On the creation of an instance
of InfoType an anchor is created that is an instance of
the type InfoCell also. This anchor has the function to
represent the structure of following InfoCell elements
10 (see Fig. 2). The anchor has, just as the InfoCell in-

formation carrier, seven pointers as will be explained.

For the implementation of the levels below the In-
foArea, i.e. the InfoCluster, the InfoCourse, the Info-
15 Type and the InfoCell use is made of a data element ac-
cording to the invention as shown 1in fig. 2. The data
element 1s shown schematically as an anchor, and is
provided with a number of pointers. In this example the
data element has three pairs and one single pointer. In
20 the initial state as shown in fig. 2 all pointers point
to the anchor. This initial state is also the simplest
of possible ring structures, Every pointer in the
structure has a valid address, and cases of a non de-
fined pointer (nil pointer) are avoided.
25
The pointers of the first pair are labelled LVR and RVR
(Left Vertical Ring, respectively Right Vertical Ring),
the pointers of the second pair are labelled LHR and
RHR (Left Horizontal Ring, respectively Right Horizon-
30 tal Ring), the pointers of the third pair are labelled
LSR and RSR (Left Self Ring, resp. Right Self Ring),
and the single pointer is labelled IF (InFormation
bridge) . Note that the pointers LSR, RSR and IF are in
principle optional.

35
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In fig. 7 a table A is shown, containing data regarding
first names, ages and weights. For this table an Info-
Cluster is generated. Furthermore, three InfoTypes are
generated to represent respectively first names, ages,

and weights.

In Fig. 3 the use of the data element is shown for the
implementation of the InfoType. In the InfoType seman-
tic information is comprised such as the data type (in
this example “INTEGER”), indication (in this example
“age”)), etc. The InfoType is an anchor associated with
the InfoType. The anchor points with its RVR pointer to
the actual information carrier, that is the InfoCell.
Thé InfoCell is as described above the lowest level en-
tity within the data system. The InfoCell holds the 1in-
formation, as shown in Fig. 3; in this example “age 1is

30 1in INTEGER”.

The InfoCell is as described above provided with a

LVR/RVR pointer pair. As shown in Fig. 3, the RVR

pointer of the InfoCell points towards the anchor, and
also the LVR pointer points to the anchor. As a result,

the ring configuration of the anchor is maintained.

In Fig. 4 1s shown how a further InfoCell is added to
the data structure. The InfoCell (with the value “257)

is i1nserted in the LVR ring after the first InfoCell.
The LVR and RVR pointers of the InfoCell point to the

anchor, as to maintain a closed ring.

The order in which the InfoCells are organized depends
on their value. In case of a smaller value, the Info-
Cell 1s ordered in on the LVR side, otherwise on the
RVR side. This practise is well known in the art as bi-

nary tree building. Preferably, the binary trees are

- 6 -
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organized as balanced or AVL trees, methods which are
well known in the art. These kind of trees minimise the
number of levels within the tree structure, so as to

minimize access time. Preferably, all tree structures

within the data system are dynamically balanced in use,

so as to guaranty optimum access times.

In Fig. 5, the structure i1s shown that i1s obtailned when

all InfoTypes of the table A are put into the data

structure. In total three InfoTypes are present; age,
first name and weight. Note that the end pointers of
each last element in the respective trees are not
shown. Under each anchor of the InfoType, the InfoCells
are organilised in a binary tree. The InfoCluster points
to an anchor which in turn points to a first InfoType.
The first InfoType in turn points to the other two In-
foTypes. Each InfoType points to an anchor. The anchor
has the additional function of a marker, that can be

used by an access or guery process as a break or return

Sign.

To complete the i1mplementation of the table, the rela-
tions between the InfoType have to be made. To this end
an InfoCourse 1s introduced. In Fig. 6, the InfoCourse
1s shown that contains the data for the fourth line of
the table. Use 1s made of the LHR and RHR pointers. The
end pointers again point back to the anchor of the In-
foCourse to maintain the ring structure. Note that the
InfoCourse also forms a binary tree, sorted by the ID
numbers of the InfoTypes. Note that the ID numbers of
the InfoTypes are unique, and that integer values are

used.

In Fig. 7 all the InfoCourse paths (for example imple-

mented using poilnters) are shown for the table A. Note
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that all InfoCells have been provided in the top sec-
tion with theilr respective InfoType Id number, over

which the binary tree configuration of the InfoCourse

via the LHR/RHR pointers is oxrganized.

During the building of a tree for an InfoType

ST D e G ek T

having 'multiple occurrences, of an InfoCéii?ﬁ the

following mechanism 1s wused to avoid having in-
stances occur more than once in the tree gtructure. In
10 Fig. 9 the case is shown that the first name Bob has
three occurrences and the name Alex two occurrences. By
means of the LSR/RSR pair of pointers, subsequent mul-
tiple entries are added in a ring fashion, which is
called a self ring in this context as the ring stays
15 within the element level of the data structure. The
element that was added latest, becomes the master ele-
ment of the ring; the master element is part of the
tree structure. As shown in the lower section of each
element, the actual total number of elements within a
20 ring 18 stored 1n the master element. The other, older
elements have a historic value (i.e. lower value) as
these values are not updated during insertion of a new
element in the ring. This has the practical advantage
that the number gives an indication whether the element
25 1s older or younger within the ring. This is helpful
when navigating through the ring, especially as in
practise younger data is accessed more frequently. If
an element has a ring value of 0 that is an indication
that no self ring is formed around that element, see

30 also Fig. 8. This information can be used to accelerate

search queries.

An additional feature is further that a element counter
1s attributed to each InfoCell. The element counter is

35 i1ndicated in Fig. 9 in the box indicated next to the

- 8 -
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elements. The element counter is defined as the total
of the number of elements that can be reached over the
pointers LVR/RVR and LSR/RSR, that is the number of
elements in the self ring (if any) plus the number of
elements in the tree under the respective element. The
number of elements in the self ring is already known in
the master element itself, and the elements down in the
tree follow simply from the element counter of the ele-
ments pointed to by the LVR and RVR pointers. In prin-
ciple there 1s no need to actually go through the tree
to determine the number of relevant elements. The de-
termination of the element counter as well as the self
ring element counter are done initially during the
mounting of the data structure, and also when elements
are added or deleted. As such the element counter is

representative for the potential number of elements

that have to be searched in a potential search over

this element, or the resources needed for such a

search. Although it suffices in principle to use only a

single directional pointer self ring, it has additional

advantages to use a bidirectional pointer ring.

In Fig. 10 a table B is shown as a 6-dimensional struc-
ture. All counters and identification numbers are shown
for each node. Anchor elements and pointers associated

with the anchors (such as for example the pointers that

form the closed loop structure) are not shown.

The structure of the InfoType can have the functional-

ity of a previougly defined set, so that elements can
appear in the InfoType tree that are not included in
any InfoCourse. In case an element in an InfoType tree
1s needed by more than one InfoCourse, it is preferable

to make additional InfoType structures for each Info-

Course so that the structure stays definite. The
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pointer IF of the data element according to the inven-
tion can be used for each instance of any object type.

The pointer IF can point to any type of instance; the

tyvpe of the instance that it points to can be deter-

mined from the context or an indicator. That can be for
example a list of flags (shown in Fig. 12) or for exam-
ple a condition graph (as known from theory) for each
node. The pointer is more efficient as 1t does not re-
guire so many bits, whereas a condition graph has the
advantages that it offers to include semantic informa-

tion to enhance the data structure.

Using the IF pointer connections can be established to
any other instances; this can be done for example over
an InfoBridge. An InfoBridge according to the invention
is a connection element, looking like an Y adapter,
that can be cascaded (Fig. 11). Optionally the Info-
Bridge can bi-directional, so that any network can be

represented over the basic strxructure.

The Pointer IF has a further use. Operations within a
data structure change on the whole many data elements
at the same time. On micro level however, all the
changes take place segquentially. An operation is car-
ried out for instance with a Commit work or a Rollback
(these operations are known from the SAP R/3 system).
This means that both the original {(unchanged) value and
the target (changed) value have to be kept temporarily
in the memory until the transaction has been fully com-
pleted. An InfoBridge can be used to connect both wval-
ues together. An example 1s shown in Fig. 12. The upper

InfoBridge connects two InfoCells with each other. By

adding an InfoBridge all functionality is kept, and can

be augmented by a cascade as is shown by the shaded

InfoBridge in Fig. 12.
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Although only a connector with an Y configuration is
shown, other configurations can be used, for example

with more than three connections.

Although in the shown examples the InfoCourse relates

to a data record definition that is expressed in a ta-
ble, the use of an InfoCourse is not limited to this.
An InfoCourse can for example extend over unlimited In-
foTypes of various InfoClusters or even InfoAreas. In
this way it is also possible to ensure referential in-
tegrity. It is for example not necessary to copy values

of a test table into the application table (as 1s usual

for known databases). Instead, the respective InfoCell

will be given as value a pointer to the InfoCell of the

InfoCluster that is used as the test table.

Query optimisers are used to determine the query route

that has the shortest estimated runtime.

The implementation of the system as described above can
be made using any known and suitable method and pro-
gramming language. It is helpful i1f the language of the
implementation supports pointers. It is also useful 1f

the programming language is object orientated, but this

is not essential. For most implementations addition
control structures would be necessary, comprising tem-
porary elements. However, such implementation details
as such are known and are within reach of the person
skilled in the art. An experimental implementation of
the invention was programmed in C++, which language has
the additional benefites of availability of pointers,

objects, and object classes.
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The invention can be implemented in particular in a
random access memory (RAM), wherein the addresses can
be randomly accessed. The use of a random access memory
also has the advantage that changes to the data struc-
5 ture do not effect efficiency in any way. Although the
invention is preferably implemented in a random access
memory, the implementation is not limited to this form,

and other implementations in memory devices are possi-
ble.

10
Examples

In the following examples is shown how the access to
InfoCells take place. For the examples only InfoCells
15 that belong to one InfoType are used. Such a structure,

which is a part of a larger data set is shown in Fig,.
13.

To access a data element in the structure, the ring

20 poilnter structure is used, including the pointers that
lead back to a ring (LVR/RVR) and self rings. In fig.
13 the peointers are represented by small anchor sym-
bols. In Fig. 14 the structure of Fig. 13 is shown,
with the relations of the binary tree structure, that

25 underlies the structure of Fig 13, in case that no mul-
tiple 1dentical elements are assumed. In the following,

a number of examples of search gqueries are shown.

Example 1: Query ( key = 54 )
30 Goal 1s to find a data element with key 54. The search

starts at the position 1 (arrow with 1 in fig. 15),
which 1s just after the anchor shown in Fig. 13. After

that the search is similar to a search in a binary
tree, and the InfoCells are vigited in turn, i.e. the

35 tree 18 descended, wherein the consecutive InfoCellsgs

- 12 -
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are indicated by the arrows 1 to 5. With 5 the respec-

tive element is found.

This InfoCell is, as other InfoCells, provided with a
pointer pair LHR and RHR. From the InfoCell neighbour-
ing semantic information can be acquired of the Info-
Course. As the InfoCourse pointers also are organised
as a ring tree, can always the starting anchor of the
InfoCourse be reached. From this starting anchor every
element in the InfoCourse structure can be reached. To
further enhance the performance, an additional poilnter
can be added to each InfoCell that points directly to
this InfoCourse anchor. Using this pointer it 1s not
necessary to go fully down through the InfoCourse tree

to reach this anchor.

To insert a value (for example 53 as shown in the Fig.
15 at 6), the same method as described above is used to
reach point 6 where the new InfoCell is added. After
addition of the InfoCell the binary tree can, 1f re-
quired, be resorted to balance 1t out. Such re-sort

methods are well known in the art.

Example 2: Query ( key < 20 )

In this example the guery is to £ind the shaded subset
of the tree (fig. 16), that fulfils the condition key <
20. Again, the search is started at position 1, and the
tree 1s followed down (using known techniques as be-
fore) to end at position 3. Here it is noted that due
to the structure of the tree all elements down this end
of the tree fulfil the condition. The number of element
in this section of the tree is known (without the need
to search through the lower section of the tree), as

the InfoCell 10 is provided with an element counter

- 13 -
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(X1) indication, that exactly tells how many elements

follow 1n this section of the tree.

5 Example 3: Query ( key < 28 )

In this example (Fig. 17) 1is shown how a number of hits

can be determined for a search in the database struc-

Cure.

10 The search in the tree is started with position 1, and

leads to position 2, where the query criterion is ful-
filled. The element counter X1 can however not be used
directly, as also cells are included that do not meet
the criterion (i.e. 30 and 35). The path i1s followed

15 from position 2 to position 3 (Fig. 18), where the ele-
ment counter vl is found. From this position the path
leads further to position 4, where the element counter
x2 is found (Fig. 19). Now the search is completed, and
the exact number of hits for the query key (<28) can be

20 calculated by respective addition and subtraction of

the found element counters x1, y1, and x2 (Fig. 20), to

vield the number of cells within the shaded area that

represents the target group of cells. Note that with a

relatively small number of steps one path down in the
25 tree structure, the number of hits the gquery vields 1is

determined deterministically, yvielding an exact number

of cells.

On basis of the information of the number of hits for a

30 given query, the search optimiser can make a search

plan, based on actual facts.

Example 4: Query ( key > 10 )

In Fig. 21 the same logical analysis as was made for

35 example 3 is shown for a further example, with a query

~
e
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key>10. The search is started with position 1, which
immediately vields the first results in the form of the
shaded area. The search goes then to position 2, where

the second shaded area is determined. The search then

5 finalises with position 3. All the cells in the right
path have to be taken into account (except for the cell
10 in position 3 itself). If the query key had been >=

then also this cell had to be taken into account.

10 The number of hits is calculated in the same way as in
the previous examples, i.e. by adding and subtracting

element counters depending on whether they should be

taken into account or not.

15 Example 5: Query ( key between 24 and 54 )

In fig. 22 1is a query shown that needs two searches
trough the tree structure to determine the number of
hits. The tree is entered at 40, so both left and right
20 branches have to be searched, more specific, the left
branch with the lower wvalue of 24 and the right branch
with the upper value of 54. As a result the circled set

of cells meeting the criteria of the query are identi-

fied.

25
Alternatively, the query could be split into two ele-

mentarily queries ( key >= 24 and key <= 54 ), however,

the result would be the same.

30 Example 6: Optimising the access path

In this example a more complex search is shown, as well
as an optimising method that uses the just described

methods of determining the numbers of hits for a spe-

35 cific query.
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The example has the compound Juery criterion:

key 1 < 28 and key_2 >= value 2 and key_ 3 < value_3

To execute such a complex statement, the optimiser ac-

cording to the invention determines how many hits are

obtained in each section of the query. Rased on the

number of hits, the optimiser will process query SecC-

10 trions with the lowest number of hits first and those

with higher numbers of hits later.

To determine the nuwmber of hits for each section of the

query the tree has to e searched once for each sec-

15 tion, as shown in the example above.

found. |
20 dregses contain

rree need not be

query, as it can be deduced from information already

stored.

~5 The first section of the query matches the example

shown in Fig. 17. When the position 2 1is reached 1in

that example,

tyvpe Guide is made that stores the address of the POSi-

Frurthermore 1s an iteration value It made
23), that stores the number

tion 2.
30 (which is similar to Fig.

of actual valid cells in a sub tree. This value It can

be later used as the end criterion for an algorithm for

traversing of the sub tree. Thig saves the comparison

of the search criterion to rhe cell values, as the end

15 criterion is reached after visiting all the wvalid cells

~ 16 -
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10

15

20

25

30

35

in the tree section. As It is of the integer type, the
comparison is faster than comparing the actual value of

a cell, which cell could be a long character chain.

From Fig. 19, position 4 (25) is clear, that a further

sub tree exists that must be traversed, 1f the crite-

rion ( key 1 < 28 ) is used later by the optimiser as
the first one.

To this end a further Guide is introduced that stores
the start address of the cell 25, and the iteration va-

lue It, that is similar to x2 in this case.

With very extensive tree structures several sub trees
that contain valid hits can be identified during one
traversion. For every top element of such a sub tree a
Guide is made that contains the start address and the
It value of the element. All Guides form a linked lin-

ear list, that is added to the respective criterion.

After all parts of the AND chain have been searched for
their number of hits (M), and the optimiser has chosen

the part of the selection criterion that has the small-

est number of hits, the optimiser can use the linear
list of Guides to access directly the trees with valid
cells. Note that the linear lists for the other parts
of the criterion are discarded, but this does not lead

to increased processing time.

The optimiser according to the invention determilnes the
search path based on the exact determination of the
number of hits that are obtained with the respective
parts of a search criterion. In this way the determina-

tion of the search path yields always the most optimal

choice.
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Claims:

1. A computer system for providing a database index tree structure for storage
of and access to data, the database index tree structure with at least one data
element of a first type associated with:

data elements of a second type, representing database attribute
entries: and

data elements of a third type, representing data records being
assoclated with said data elements of the second type,
wherein the data elements of the second type are arranged in a plurality of
balanced attribute tree structures, each attribute tree structure includes the data
elements of the second type of one database attribute in sorted order and each
attribute tree structure includes a set of pointers which link the data elements of
the second type;

the data elements of the third type are arranged in a further
balanced tree structure; and

for each data element of the third type, the data elements of the
second type belonging to the data record represented by the associated data
element of the third type are arranged in the further balanced tree structure
sorted by an identification number of the data elements of the second type,
wherein all data elements of the second type in one attribute tree structure have
the same identification number and wherein the further balanced tree structure
Includes a further set of pointers which link the data elements of the second type
belonging to the data record represented by the associated data element of the

third type.

2. Computer system according to claim 1, wherein end sections of the tree
structures are connected via linking elements to a start section of at least the

respective tree structure.

- 18 -
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3. Computer system according to claim 1 or 2, wherein multiple occurrences of
similar data elements of the second type are arranged in a self-ring comprising a

set of data elements that are mutually connected through linking elements, and
wherein one data element of the set is directly part of the respective tree

structure.

4. Computer system according to any one of claims 1 to 3, wherein data
elements of a tree are provided with a number representative of the number of

data elements arranged in the tree structure under said respective data element.

5. Computer system according to any one of claims 1 to 4, wherein node
between the data elements of the first and second type are formed by elements

of a third type.

6. Computer system according to any one of claims 1 to 5, a data element for
a database structure comprising:

a first pointer pair;

a second pointer pair; and

a third pointer pair.

/. Computer system according to claim 4, a data element further comprising

an information bridge pointer.

8. Method for optimising a database query, comprising the steps of:
decomposing a search criterion In sections, wherein a section
represents a set of data elements of data type, the data elements being
connected through pointers in a balanced attribute tree structure in which the
data elements of the data type are being arranged;
wherein data elements of a further data type represent data records
being associated with data elements of the data type and the data elements of

the further data type are arranged in a further balanced tree structure, and

_19 -
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wherein for each data element of the further data type, the data elements of the
data type belonging to the data record represented by the associated data
element of the further data type are arranged in the further balanced tree
structure sorted by an identification number of the data elements of the data type,
wherein all data elements of the data type in one attribute tree structure have the
same identification number and wherein the further balanced tree structure
includes a further set of pointers which link the data elements of the data type
belonging to the data record represented by the associated data element of the
further data type;

determining for each section a number of hits on the actual
database structure;

selecting a database query path according to the determined

number of hits for each section.

9. Computer program product comprising program instructions that are
loadable into a memory of a computer system and when loaded configure the
computer system to:

create at least one data element of a first type;

create data elements of a second type, representing database
attribute entries, wherein the data elements of the second type are arranged in a
plurality of balanced attribute tree structures, each attribute tree structure

Includes the data elements of a second type of one database attribute in sorted
order and each attribute tree structure includes a set of pointers which link the
data elements of the second type;

create data elements of a third type wherein the data elements of

the third type are arranged in further tree structure; and
for each data element of the third type, the data elements of the
second type belonging to the data record represented by the associated
data element of the third type are arranged in a still further balanced tree
structure sorted by an identification number of the data elements of the

second type, wherein all data elements of the second type in one attribute

- 20 -
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tree structure have the same identification number and wherein the still
further balanced tree structure includes a further set of pointers which link

the data elements of the second type belonging to the data record

represented by the associated data element of the third type; and
connect a data element of the first type to a data element of the

second type and to a data element of the third type through an anchor.

- 21 -



WO 02/061612

Info System

CA 02434081 2003-07-08
PCT/EP02/01026

1123

Info Type

]
o
Info A

FIG. 1

SUBSTITUTE SHEET (RULE 26)



CA 02434081 2003-07-08
WO 02/061612 PCT/EP02/01026

2|23

IF

SUBSTITUTE SHEET (RULE 26)



CA 02434081 2003-07-08
WO 02/061612 PCT/EP02/01026

3/23

Info Type

LVR %L

RVR
LVR

SUBSTITUTE SHEET (RULE 26)



CA 02434081 2003-07-08
WO 02/061612 PCT/EP02/01026

b 23

Info Type

P

RVR

LVR RVR e
LVR
o RVR

FIG. 4

SUBSTITUTE SHEET (RULE 26)



CA 02434081 2003-07-08

PCT/EP02/01026

WO 02/061612

3 (23

e dAd e dAT

it dAT

e afie
»\ﬂ.

&

dAY AT
. e @ '
alA] 034

YAY 4AT
409

\H/o aweu )sJij
T [ e

SUBSTITUTE SHEET (RULE 26)



CA 02434081 2003-07-08

PCT/EP02/01026

WO 02/061612

6/123

d0d

aweu )sii
|

as.Ino’) oju
T T
A

13)5M) 0Ju]

SUBSTITUTE SHEET (RULE 26)



|d

WO 02/061612
(o b 7’
E o
C

N
= (=)
el
4 .
h -
o

CA 02434081 2003-07-08

1123

X =

o b
=P
9

SUBSTITUTE SHEET (RULE 26)

PCT/EP02/01026

B
(1=
Ll



CA 02434081 2003-07-08
WO 02/061612 PCT/EP02/01026

8 /23

SUBSTITUTE SHEET (RULE 26)



CA 02434081 2003-07-08

PCT/EP02/01026

WO 02/061612

9123

dAd @Eﬁ dAd @ dA |

dAd  4Al

Har) [

dAd AT zm._
4S1 mﬂ
Jotasol
SY

4sy
aweu )siij

dSd

ap

SUBSTITUTE SHEET (RULE 26)



WO 02/061612

Q
=
11"
e
ol
o
ey
=

CA 02434081 2003-07-08

10 / 23

SUBSTITUTE SHEET (RULE 26)

PCT/EP02/01026

FIG. 10



WO 02/061612

Info Bridge

CA 02434081 2003-07-08

11123

Info Bridge

SUBSTITUTE SHEET (RULE 26)

Info Bridge

PCT/EP02/01026

FIG. 11



CA 02434081 2003-07-08

PCT/EP02/01026

WO 02/061612

12 | 23

-
-
-

AN

(ssTiug) s ie (O | L (2 €| Y[ S| 9 L)

L E L E F ¢ § F L F ¥ L X L L L 2 At a4 2 K L F X F T F 3T & 2 % L J

L]
|

afiplig oju) =
- o | (Y

SUBSTITUTE SHEET (RULE 26)



SUBSTITUTE SHEET (RULE 26)

FlG. 13



CA 02434081 2003-07-08
WO 02/061612 PCT/EP02/01026

14123

(&

©
&

(20)
30,
» @

O
FIG. 14

SUBSTITUTE SHEET (RULE 26)



CA 02434081 2003-07-08
WO 02/061612 PCT/EP02/01026

15/ 23

&

FIG. 15

SUBSTITUTE SHEET (RULE 26)



WO 02/061612

00000000000000000000

SUBSTITUTE SHEET (RULE 26)

FIG. 16



00000000000000000000

00000000000000

TTTTTTTTTTTTTTTTTTTTTTT




18 /23

gl Jl1

Ry, )}
5@ & \\e\
o oy ]

(w)
7 0
8/
1T

o
U



19 123

6L Il

X ..\ \0 \
W w&\
(A@A\\\ G 7

SUBSTITUTE SHEET (RULE 26)



CA 02434081 2003-07-08
WO 02/061612 PCT/EP02/01026

20/ 23

&

©
&

SUBSTITUTE SHEET (RULE 26)



) G775
W 25

R
S i

Ur

/
A
é”%



00000000000000000000

SUBSTITUTE SHEET (RULE 26)

00000000000000

= e
%
S &
(=
©
(~
(1,

FIG. 22



23 [ 23

® ® @
@ .

O

(&)

©

2/
2 @\._.\\
o

._“F.'LrE

t¢ 9l

o
7

SUBSTITUTE SHEET (RULE 26)






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - abstract drawing

