US 20180150535A1
a9y United States

12y Patent Application Publication o) Pub. No.: US 2018/0150535 A1

Franz et al. 43) Pub. Date: May 31, 2018
(54) DESIGN FOR HIERARCHICAL (52) US.CL
COMPUTATIONS IN RELATIONAL CPC .... GOG6F 17/30569 (2013.01); GOGF 17/3053
DATABASE MANAGEMENT SYSTEMS (2013.01); GOGF 17/30292 (2013.01); GO6F
17/30312 (2013.01); GOGF 17/30554
(71) Applicant: SAP SE, Walldorf (DE) (2013.01)
(72) Inventors: Gerald Franz, Walldorf (DE); Hannes
Jakschitsch, Walldorf (DE); Roland (57) ABSTRACT
Sedler, Leimen (DE); Bastian Erler,
Walldorf (DE) A selection of a generator function can be received. The

. generator function can be configured to be applied to source
(21) Appl. No.: 15/364,205 data to form a normalized tabular indexed data structure.
(22) Filed: Nov. 29, 2016 The tabular indexed data structure can include a set of
hierarchical attributes. A navigation function can be selected

Publication Classification to be applied to the tabular indexed data structure to deter-

(51) Int. CL mine a navigation result. The navigation result can be
GO6F 17/30 (2006.01) provided to a user.
1300

1302\ receiving, at the one or more data processors, a selection of a generator
function to be applied to source data

1304 —__{ applying, by the one or more data processars, the generator function to the
source data to form a tabular indexed data structure

1306 normalizing, by the one or more data processors, the tabular indexed data
T structure, the tabular indexed data structure including a set of hierarchical
attributes

1308 ~—~__| selecting, by the one or more data processors, a navigation function to be
applied fo the tabular indexed data structure to determine a navigation result

1310
T providing, by the one or more data processors, the navigation result




Patent Application Publication = May 31, 2018 Sheet 1 of 13 US 2018/0150535 A1

FIG. 1

100




US 2018/0150535 Al

May 31, 2018 Sheet 2 of 13

Patent Application Publication

AININOdWOD
JdYML0S
90¢ TYNY3LX3

ANINOJNGD
JAYMLA0S
90z TYNY31Xd

¢ O
AOWIN NIV
WHO41LV1d eI
FHYMLA0S
¥0C 3400
AN3OV
WHO4LVd INFNIOVYNYIN
FUVMLA0S 3svaLyd
Y0z  3™OO | |7z
207 W3LSAS ONILNJINOD

9z
471gvl

3Svaviva

INIHOVIN
5oz N3N0

ANIHOVIN
g7 N0

€02



US 2018/0150535 Al

May 31, 2018 Sheet 3 of 13

Patent Application Publication

0ee
ove
0ze
ol
~ IS T

06e



Patent Application Publication = May 31, 2018 Sheet 4 of 13 US 2018/0150535 A1

FIG. 4

400




US 2018/0150535 Al

May 31, 2018 Sheet 5 of 13

Patent Application Publication

gS 'Oid VS "Old

qLye Aeu

[

Z0S 006G



US 2018/0150535 Al

May 31, 2018 Sheet 6 of 13

Patent Application Publication

9 94
919 /3@ / Zl9 /oE /wow

eq 3| 0 v 6 L 0l
0 A4S 0 ¢ g Z 6 ed ¥0
za €0 0 ¥ 9 b g Jopio-aid u ¥0 zg
La %0 0 e 9 } L za (%0

[esiones) AyoiesaiH
%0) rds 0 g g g 9 LQ €0
zd LY 0 Z b 9 g e 2q
0 ig 0 € Z } 14 24 v
10 L9 0 g Z ) g Zo L8
19 LY 0 Z 3 g Z 1O Lg
LY jinu 0 } 0 0t ) Lg LY
sb A jinu
el4 Nuey
BPON jusied PON AT} Uaied =3 ) Juey
VivVa 358N0S V1iva X3IaNi viVa 30UN0S

¢09 \

908 \




US 2018/0150535 Al

May 31, 2018 Sheet 7 of 13

Patent Application Publication

i
v
w2
24
1

{1 8ag]

£0 iy
2 28
Vo z8
o =

3 BART  isAgT]

pieQ Snog

0. \

LY

Ly

Y

L¥

L Ol4

P SR P o Sz:..c

va) (e

a) Wmm/ (a)

%
S H
MW\M A

{7} i8a87

o {aaeT

£ 18ABT

Y 18ABT



US 2018/0150535 Al

May 31, 2018 Sheet 8 of 13

Patent Application Publication

8 '9id

4 i b 20 id 0 £ [4 b 14
Z tg b 50] 19 0 € [4 L %
Z lg 0 1dg IV 0 Z 3 € Z

Buey a sbejy Buey azIs

ues a veg 20UBSI | QI 9PON | usied 9poN | |9ne jeled | 981 juey

eleq
rjeQq NEIS pajeinojen ejR(] 924N08 eje(q xapuy

018 k

808 \




US 2018/0150535 Al

May 31, 2018 Sheet 9 of 13

Patent Application Publication

6 'OId

{yros Buprgouy) sBugis

{1108 Buiprpuy) SIo)SEOUY

{119% Buipryow} Siepuenssg

B3

Q73 R}

AU UG

BeQq xopyy

suey



US 2018/0150535 Al

May 31, 2018 Sheet 10 of 13

Patent Application Publication

0} "Oid

{n1es Bugprjouy) sBulgis

{pas Bupnpul} sioissouy

e gy f . 7 / {1195 Bupndw) SIUBpUBISS(
M/v . .c.&s\.. .p.f....... » \\,.
— —
* P
.ﬂzf%
N
.ffm.a\.

% : & g
4 . g g
g & L ¥
£ 7 L &
4 i £ &
L 3 0l L
BAeT a2s ondl

AU naR Wi

BIBC] Xopuy



US 2018/0150535 Al

May 31, 2018 Sheet 11 of 13

Patent Application Publication

L "OId

T OE v ROES EOMEIELY
{ (20, = PT 2P0V DIIHR
TOTH Y KOWE
PY SXEIE GY PT OPOR NURY IV §¥ WUBY AUDIRISTY ZORIES

T W y
IOSEEOIEEY AR NOEE & LowrEs

Po{ pas TUTE g EEnns JAROESEIE KONE s IONIES S¥ TUTW Y MEI4 BLYSND



¢k "OId

US 2018/0150535 Al

fT = 39OT BT WHIHE
{
- {
= FEBY BT HWY 1 = HAUERETH FUEHE
{

T O BONMISIO
{

€ .28, I8, } NI PT OROU TUEHM
_ » n FTUTW N ROEE
AOeE 3I93s &y Ruws Aunawaety ‘epow Azevd gy pr epou

May 31, 2018 Sheet 12 of 13

| &
" - ¥ omra dﬁwkm%ﬁvwmﬁﬁwﬁw # Py
HUex 3I9IS g% Wuex Ayszexery ‘spoy dnozxb gy py epou ‘epou Azenk

_ " BRI m%b i }?@%?wwm BO¥A
PO GINEBX Y PT Spou apou maaum ‘mpow Axend
¢ —

#HLIH

Patent Application Publication



-
<«
& €L Ol
S
']
e
m
=]
e
<
(g\]
wn
o)
jInsal uonebiaeu 8y ‘$108$9004d BIEp 810U 10 8UO U Aq ‘Buipirosd ~__
0L€l

Jinsal uonebiAeU B BUILLISISP 0} BINJONAS Bep Paxapul Jejnge) ey} o} paldde
aq 0} uonouny uonebineu e ‘s10sseooid ejep esow 4o suo sy} Aq ‘Bundeies | N gog)

sajnquye
{ROIYOJRIBIY 10 18S B Bulpnjoul 2imonAs Blep paxaput fejnge; syl ‘esmons —__
BJBp POXapul JBjnge) 8y} ‘siossao0id Blep 20w Jo auo ayj Aq ‘Buizyewiou 90¢!

May 31, 2018 Sheet 13 of 13

8In10oNAS Bjep PaXapul Jeinge; e Wioj 0} ejep 82inos
8y} 0] Lionoun] Jotelausb ayy ‘siossesold Blep siow 1o auo oy Ag ‘Buifidde | YOS )

Blep 82.nos 0} paydde aq 03 uopouny
Jojesoual e Jo LUORD8|as & ‘s10ssa00id Elep aiow Jo auo ayj e ‘Bumiecar | 7z}

00¢i

Patent Application Publication



US 2018/0150535 Al

DESIGN FOR HIERARCHICAL
COMPUTATIONS IN RELATIONAL
DATABASE MANAGEMENT SYSTEMS

TECHNICAL FIELD

[0001] The subject matter described herein relates to per-
forming hierarchical computations in a relational database
management system.

BACKGROUND

[0002] The demand for ad-hoc and real-time data analyses
by many users simultaneously is increasing in the same way
that the data quantities to be processed are increasing. To
keep pace with the competition in the current economic
climate, it is crucial to have the latest information about
processes within an organization (e.g. a company) and/or in
the market to be able to make the right decisions promptly.
[0003] Data can be hierarchical where one superordinate
data item may depend on one or many subordinate data
items. Operations can be performed on a data hierarchy to
glean on or more desired pieces of information about the
hierarchical data.

SUMMARY

[0004] In one aspect, a method is provided. The method
can include one or more of the following operations. A
selection of a generator function to be applied to source data
can be received. In some variations, the selection of the
generator function can be provided through a structured
query language format. In some variations the functions can
be included in the structure query language layer. The
generator function can be applied to the source data to form
a normalized tabular indexed data structure. The tabular
indexed data structure can include a set of hierarchical
attributes.

[0005] A navigation function can be selected. The navi-
gation functions can be be applied to the tabular indexed
data structure to determine a navigation result. The naviga-
tion function can be selected through a structured query
language. The navigation function can be included in the
structured query language layer.

[0006] The navigation result can be provided. The navi-
gation result can be provided to a user, for example, through
a display of a client device. In some variations, the naviga-
tion result can be provided to one or more applications. Such
applications can include database application, third-party
applications, client applications, or the like. The one or more
applications can use the navigation result(s) in further pro-
cessing.

[0007] In some variations, one or more of the following
operations and/or features may optionally be included in the
method. The generator function can be a table-valued hier-
archy function. The selection of a generator function can
include receiving, from a user, a semantic description of the
generator function. The generator function can be config-
ured to support a plurality of data formats of the source data.
The navigation result can include a distance between a start
node of the source data and a results node of the source data.
In some variations, the navigation result can include a start
condition. The navigation function can include a determi-
nation of a tree size, a rank of the source data, a level of a
data node, or the like.
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[0008] Implementations of the current subject matter can
include, but are not limited to, methods consistent with the
descriptions provided herein as well as articles that comprise
a tangibly embodied machine-readable medium operable to
cause one or more machines (e.g., computers, etc.) to result
in operations implementing one or more of the described
features. Similarly, computer systems are also described that
may include one or more processors and one or more
memories coupled to the one or more processors. A memory,
which can include a computer-readable storage medium,
may include, encode, store, or the like one or more programs
that cause one or more processors to perform one or more of
the operations described herein. Computer implemented
methods consistent with one or more implementations of the
current subject matter can be implemented by one or more
data processors residing in a single computing system or
multiple computing systems. Such multiple computing sys-
tems can be connected and can exchange data and/or com-
mands or other instructions or the like via one or more
connections, including but not limited to a connection over
a network (e.g. the Internet, a wireless wide area network, a
local area network, a wide area network, a wired network, or
the like), via a direct connection between one or more of the
multiple computing systems, etc.

[0009] The details of one or more variations of the subject
matter described herein are set forth in the accompanying
drawings and the description below. Other features and
advantages of the subject matter described herein will be
apparent from the description and drawings, and from the
claims.

DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is an illustration of a tree hierarchy in a
database system having one or more features consistent with
the present description;

[0011] FIG. 2 is a diagram of a system that can implement
one or more features consistent with the present description;
[0012] FIG. 3 is a diagram of a computing architecture
implemented in a database system having one or more
features consistent with the present description;

[0013] FIG. 4 is a diagram of a hierarchy generated by a
database system having one or more features consistent with
the present description;

[0014] FIG. 5A is a schematic diagram of an overall
design for hierarchical computations in a relational database
management system having one or more features consistent
with the present description;

[0015] FIG. 5B is a schematic diagram of an overall data
flow for the hierarchical computations of the design illus-
trated in FIG. 5A;

[0016] FIG. 6 is an illustration of index data generated
from a hierarchy generated from source data, the hierarchy
results generated using one or more functions consistent
with the present description;

[0017] FIG. 7 is an illustration of a hierarchy generated,
from source data having a leveled format, from a database
system having one or more features consistent with the
present description;

[0018] FIG. 8 is an illustration of descendant information
of a node of a hierarchy;

[0019] FIG. 9 is an illustration of determination of ances-
tors in a hierarchy generated by a database having one or
more features consistent with the present description;
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[0020] FIG. 10 is an illustration of determination of sib-
lings in a hierarchy generated by a database having one or
more features consistent with the present description;
[0021] FIG. 11 is an example of code including a basic
query implemented in a database system having one or more
features consistent with the present description;

[0022] FIG. 12 is an example of code including a complex
query implemented in a database system having one or more
features consistent with the present description; and
[0023] FIG. 13 is a process flow diagram illustrating a
method having one or more features consistent with the
present description.

DETAILED DESCRIPTION

[0024] FIG. 1 is an illustration of a tree hierarchy 100 in
a database system having one or more features consistent
with the present description. A tree hierarchy 100 is a
tree-like structure consisting of hierarchy nodes 102. The
hierarchy nodes can be connected by edges 104. Except for
the start node, A1, each node has a parent node and is, itself,
a child of a parent node. For example, node B1 is a child
node of node Al, and nodes C1 and C2 are child nodes of
node B1. A child node has an effect on the parent node. For
example, a parent node may represent an airline alliance and
a child node may represent a particular airline. The tree
hierarchy 100 represents the logic that the particular airline
belongs to the airline alliance. The child node in this case
affects the parent node by showing that the particular airline
is part of the airline alliance. The airline node may have
child nodes indicating aircrafts or routes. Similarly, the
airline alliance may have a parent node representing the
airline industry, or the like.

[0025] Each node 102 can represent a data item that is
logically connected to the other nodes that it connects with.
For example, node Al may represent an organization, say a
supermarket. Node B1 may represent a region or division of
that supermarket. Node C1 may represent an individual store
within the region or division represented by node B1.
[0026] Tree hierarchies 100 can be generated from rela-
tional source data. In some variations, the source data may
be one or more database tables, or portions thereof In other
variations, the source data may be the results of one or more
queries involving one or more database tables, or portions
thereof. Hierarchical source data is usually stored on the
database in a format that models the hierarchical structure,
but does not include additional index data for fast hierar-
chical queries, because this index data would need to be
consistently updated on modification of the source data with
additional cost and programming complexity. Tree hierar-
chies 100 are particularly useful in comparing alternative
solutions to a problem. Tree hierarchies 100 are also useful
in facilitating determination of a magnitude of an issue.
[0027] Various analytics may be performed on a tree
hierarchy 100 to obtain information about the tree hierarchy
100. For example, it may be beneficial to know the distance,
or number of nodes, between a start node and a result node.
A start node can be the node where you start your analysis
and the result node can be the node where you end your
analysis. A result node is not necessarily at the end of a
branch of the tree of a tree hierarchy 100. In some variations,
the result of a particular hierarchy analysis may be limited
to a higher-level abstraction of information. For example, if
the tree hierarchy 100 represents a supermarket business, the
first node, node Al, may represent the supermarket com-

May 31, 2018

pany, and this may be the start node. The tree hierarchy 100
may include nodes that represent individual employees of
the supermarket company. However, the analysis may only
call for a result node that ends at the individual supermarket
level, which may be several levels above that of the indi-
vidual employee nodes.

[0028] Similar analytics are performed on tree hierarchies
across many different industries and for many different
purposes. Tree hierarchies may be populated using incon-
sistently formatted source data and/or from diverse source
topologies. The source data may include “corner cases”
which are cases where the node relations as given by the
source data do not follow the classic tree topology. To
analyze such source data, a developer would be required to
understand each of the “corner cases,” the formatting of each
of the source data, the topologies of each of the source data,
and account for those issues when developing hierarchy
functions.

[0029] The presently described subject matter provides a
set of hierarchy functions that can account for “corner
cases,” different source topologies, different source data
formats, or the like, negating the need for a developer to
account for each issue. Consequently, a developer need only
provide semantic statements when developing custom hier-
archy functions.

[0030] A database system can include multiple tables. A
table is a collection of related data held in a structured
format within a database. A table typically consists of fields,
or columns, and rows. In some variations, the cells of the
table may include database commands linking to data that is
held externally to the database.

[0031] A database system can typically include a database
management system. The database management system can
comprise multiple layers or levels. The different layers can
be configured to perform different types of operations. For
example, the lowest layer, or physical layer, of a database
management system can be configured to perform the actual
operations requested by the users of the database manage-
ment system. At the physical layer, a conceptual instruction
provided by a user may have been translated into many
instructions that are readable by the database.

[0032] A middle layer, or logical layer, can be configured
to consolidate external concepts and instructions into an
intermediate data structure. The intermediate data structure
can be capable of being devolved into the physical instruc-
tions for implementation at the physical layer. The logical
layer can be configured to provide execution pathways of
operations to multiple different databases and/or database
tables, in response to instructions received from the top
layer, or view layer.

[0033] The view layer can be configured to implement
applications that are provided to users of the database
management system. Database operations can be repre-
sented as database access. In some variations, individual
databases within a database system can be viewed as the
same at this layer, despite differences in content and opera-
tion of those individual databases.

[0034] In some variations, the view layer can be a calcu-
lation engine layer. The calculation engine layer can be
configured to facilitate the processing of user queries and
requests using diverse calculation operations. When pro-
cessing queries, having the tables loaded into the main
memory of the database management system increases the



US 2018/0150535 Al

efficiency at which the database management system can
execute queries, improving the optimization of the database
management system.

[0035] The view layer and the calculation engine layer can
be configured to generate tree hierarchies from the under-
lying source data. Both layers can be configured to facilitate
execution of one or more hierarchy functions that facilitate
navigating the hierarchy, obtaining information about the
hierarchy, or the like.

[0036] FIG. 2 shows a diagram of a system 200 that can
implement one or more features consistent with the present
description. A computing system 202 can include one or
more core software platform modules 204 providing one or
more features of a business software system or other soft-
ware that includes database management features. The com-
puting system can also aggregate or otherwise provide a
gateway via which users can access functionality provided
by one or more external software components 206. One or
more client machines 208 can access the computing system,
either via a direct connection, a local terminal, or over a
network 210 (e.g. a local area network, a wide area network,
a wireless network, the Internet, or the like).

[0037] A database management agent 212 or other com-
parable functionality can access a database 214 that includes
at least one table 216, which can in turn include at least one
column. The database management agent 212 can imple-
ment one or more of the features of implementations dis-
cussed herein. The database table can store any kind of data,
potentially including but not limited to definitions of busi-
ness scenarios, business processes, and one or more business
configurations as well as transactional data, metadata, mas-
ter data, etc. relating to instances or definitions of the
business scenarios, business processes, and one or more
business configurations, and/or concrete instances of data
objects and/or business objects that are relevant to a specific
instance of a business scenario or a business process, and the
like.

[0038] The database management agent 212 or other com-
parable functionality can be configured to load a database
table 216, or other comparable data set, into the main
memory 218. The database management agent 212 can be
configured to load the information from the database 214 to
the main memory 218 in response to receipt of a query
instantiated by a user or computer system through one or
more client machines 208, external software components
206, core software platforms 204, or the like. The core
software platform(s) 204 can be configured to facilitate
generation of a hierarchy based on a query and/or from one
or more tables, or parts thereof, of the database 214 loaded
into the main memory 218. The core software platforms(s)
204 can be configured to perform hierarchy functions to
facilitate navigation through the hierarchy and/or perform
analytics on the hierarchy.

[0039] FIG. 3 is a diagram that illustrates a computing
architecture 300 implemented in a database system having
one or more features consistent with the present description.
The computing architecture 300 can include a database
system that includes three layers: a top layer, calculation
engine layer 310, an intermediate layer, or logical layer 320,
and a top layer, or physical table-pool 330. One or more
application servers 335 implementing database client appli-
cations 337 can access the database system 200, as shown in
FIG. 2. Calculation scenarios can be executed by a calcu-
lation engine, which can form part of a database or which

May 31, 2018

can be part of the calculation engine layer 310 (which is
associated with the database). The calculation engine layer
310 can be based on and/or interact with the other two
layers, the logical layer 320 and the physical table pool 330.
In some variations, the physical table pool 330 can comprise
database operations configured to access and perform the
database operations on the individual tables. In some varia-
tions, the basis of the physical table pool 330 consists of
physical tables (called indexes) containing the data, which
can be stored on one more database servers 340. Various
tables 331-334 can be joined using logical metamodels
321-324 defined by the logical layer 320 to form an index.
For example, the tables 331-334 in a cube (e.g. an online
analytical processing or “OLAP” index) can be assigned
roles (e.g., fact or dimension tables) and joined to form a star
schema. It is also possible to form join indexes (e.g. join
index B 322 in FIG. 3), which can act like database views
in computing environments such as the Fast Search Infra-
structure (FSI) available from SAP SE of Walldorf, Ger-
many. Hierarchy functions can be configured to define
hierarchical relations and to process source data from the
physical table layer 330, from the logical layer 320, and the
calculation layer 310. Hierarchy functions can also be called
from the calculation layer 310.

[0040] A calculation scenario 350 can include individual
nodes (e.g. calculation nodes) 311-314, which in turn can
each define operations such as joining various physical or
logical indexes and other calculation nodes (e.g., CView 4 is
a join of CView 2 and CView 3). That is, the input for a node
311-314 can be one or more physical, join, or OLAP indexes
or calculation nodes. A calculation node as used herein
represents a operation such as a projection, aggregation,
join, union, minus, intersection, and the like. Additionally, as
described below, in addition to a specified operation, calcu-
lation nodes can sometimes be enhanced by filtering and/or
sorting criteria. In some implementations, calculated attri-
butes can also be added to calculation nodes.

[0041] FIG. 4 illustrates a hierarchy 400 generated by a
database system having one or more features consistent with
the present description. The hierarchy 400 can include data
nodes 402 and edges 404 connecting the data nodes 400. In
some variations, in a database system operated by an orga-
nization, hierarchies can operate directly on real-world
transactional organization data. Hierarchies preferably need
to be capable of handling diverse source data formats. For
example, one set of source data may include information
about an airline alliance having a plurality of airlines in its
membership in a format that supports maintenance of air-
lines. Another set of source data may include airline
employee information in a format that supports payroll
activities. These formats may be different and a hierarchy
that includes the airline alliance, airlines, and airline
employees needs to be able to handle the diverse data
formats.

[0042] Hierarchy sources can have a treelike topology,
where each parent data node, such as node Al, has one or
more child data nodes, for example, nodes B1 and B2, as
shown in FIG. 5A. The topology of relations as given by the
source data can alternatively be non-treelike. For example,
a role-based information access model of a company may
consist of several top-level business roles (technical, finan-
cial, operational, executive, marketing . . . ) and respective
subordinate roles. A particular piece of information (such as
a memo, a patent, a chemical formula) is attributed to one or
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more of these role nodes, thereby giving access to it to any
person having one of these role nodes or one of the super-
ordinate role nodes. The overall topology consists of an
interwoven mesh of many trees. Hierarchies also preferably
need to be able to handle unclean source data, where the
source data may have incomplete or incorrect data that may
cause errors to be present in the hierarchy. Such unclear
source data, non-treelike topologies, diverse data formats, or
the like, may be referred to as “corner cases.”

[0043] It is desirable to have a database system that is
configured to allow database developers to use hierarchy
functions without the need to have domain-specific knowl-
edge on efficient implementation of such functions. Further-
more, it is desirable to have a database system that avoids
manual recursive processing and calculation of hierarchy
attributes.

[0044] Recursive hierarchies are hierarchies in which all
levels of data are from the same data table or view (or
generated from the same query), and the parent-child rela-
tionships between the levels are defined in the same source
table. In other words, in the simplest case a recursive
hierarchy is a generic two-column table, with one column of
the table representing the parent references and the other
column representing the node identifiers. In a more complex
case both a node identifier and a parent node reference may
consist of multiple columns having the same format for node
identifier and parent reference. Recursive hierarchy process-
ing includes the process by which a relationship table is
generated that contains the parent-child relationships for not
only direct children of a parent data node, but also the
indirect children of a parent data node in the hierarchy. It is
also desirable for hierarchies to support ad hoc queries.
[0045] Each data node of a hierarchy has a standardized
set of calculated hierarchy attributes. The preorder rank
attribute of the hierarchy node serves as primary unique
node identifier (ID). If applicable, the parent rank uniquely
identifies the parent node by its preorder rank. The level
attribute describes a node’s distance to its root node. The tree
size provides information about the number of subordinate
nodes, including the node itself. Depending on the genera-
tion function, a hierarchy node may contain additional
attributes such as the source node and parent reference,
source level name, node flags, user-defined attributes, or the
like.

[0046] FIG.5A is a schematic diagram showing an overall
design 500 for hierarchical computations in a relational
database management system having one or more features
consistent with the present description. FIG. 5B is a sche-
matic diagram 502 showing an overall data flow for the
hierarchical computations of the design 500 illustrated in
FIG. 5A.

[0047] The design 500 provides for the separation of
hierarchy functions into individual processing steps that
each have clearly defined tasks. For example, at the source
data step 504 a user can semantically describe the source
structure. This is instead of a user having to define an
algorithm used to calculate hierarchical attributes. The user
can semantically describe the tables or views 506, the table
functions 508, any ad hoc queries 510, or the like. The
source data step 504 can include support for various source
data formats. The source data step 504 can be designed to
take extensibility into consideration.

[0048] At the generator functions step 512, one or more
hierarchical relationships can be generated. For example,
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parent-child relationships 514 can be defined, whether the
hierarchy is leveled 516 can be defined, whether the hier-
archy is temporal 518 can be defined, or the like. The
generator functions 512 can be provided in an extensible
layer configured to facilitate the addition of other generator
functions. Users of the database system can build their own
generator functions.

[0049] The index structure 520 can include a normalized
tabular index structure can be provided. The index structure
520 can consist of a single tabular structure having mixed
semantics encoding both edge and vertex information, sub-
sumed by the general concept of hierarchy node informa-
tion. The index structure 520 can include an abstraction
and/or normalization layer for each of the source formats
supported by the hierarchy design 500. The index structure
520 can include a minimal set of default hierarchical attri-
butes 522. Hierarchical attributes 522 can include the rank
of'a node, the level of a node, the tree size of the hierarchy,
the number of child nodes, or the like. The index structure
520 can include variable user-definable projection of source
attributes 524. The source attributes 524 can include node
1D, parent node reference, and/or one or additional variable
user-defined attributes. For example, an employee hierarchy
source table may contain additional general employee attri-
butes such as age, address, work title, and so on.

[0050] The navigation functions 526 can consume the
index structure 520. The navigation functions 526 typically
operate only on the hierarchical attributes 522 of the index
structure 520, but are usually capable of laterally appending
all input attributes to the function output. The navigation
functions 526 can include a set of specialized functions for
hierarchy navigation. The navigation functions 526 can
include one or more filters, including a distance filter, a
leaves filter, a branch filter, or the like. The hierarchy
functions 526 can facilitate traversal of the hierarchy in an
arbitrary direction. The hierarchy functions 526 can facili-
tate chaining by nesting nodes. The hierarchy functions 526
can be configured to inspect start conditions of the hierarchy
traversal. Users of the database system can build their own
navigation functions 526. Navigation functions 526 can be
associated with descendants 527, ancestors 528, siblings
530, or the like.

[0051] The navigation result 532 can be provided. The
navigation result 532 can include the distance between a
start node and a result node of a traversal of the hierarchy.
The navigation result 532 can facilitate determination of
how a particular node was reached based on the start
conditions of the hierarchy traversal. The navigation result
532 can include one or more of hierarchical attributes 534,
source attributes 536, navigation attributes 538, or the like.
[0052] FIG. 6 illustrates index data 602 generated from a
hierarchy 604 generated from source data 606, the hierarchy
results generated using one or more functions consistent
with the present description. The index data 602 can include
a rank 608 of each node, for example, node Al has rank 1,
node B1 has rank 2, node C1 has rank 3, node C2 has rank
4, node B2 has rank 5, node C3 has rank 6, node D1 has rank
7, node D2 has rank 8, node C4 has rank 9 and node D3 has
rank 10. The index data 602 can include a tree size 610. A
tree size for each node can include the total number of
child-nodes descending from it plus the node itself. The tree
size for node Al is 10, whereas the tree size for node C3 is
3. The index data 602 can include a rank of the parent of the
node. The index data 602 can include a level 714 of the
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nodes. The level 714 of the nodes can be the level of the
nodes in the hierarchy. The index data 602 can include node
flags 716.

[0053] FIG. 7 is an illustration of a hierarchy 700 gener-
ated, from source data having a leveled format, from a
database system having one or more features consistent with
the present description. A hierarchy 700, generated from
source data having a leveled format, each source row
describes a unique path from a root node to a leaf node. The
hierarchy 700, described by source data having a leveled
format, is always a well-formed tree without requiring
special corner case processing.

[0054] FIG. 8 is an illustration of descendant information
of' a node 800 of a hierarchy 802. The nodes that descend
from node 800 include nodes 804 and 806. The descendant
information of a node can include calculated data. Calcu-
lated data can include a distance 808 between a start node
and an end node. The descendant information of a node can
include start data 810, including a start ID and Start Rank.
[0055] FIG. 9 is an illustration of determination of ances-
tors in a hierarchy generated by a database having one or
more features consistent with the present description. For
example, the hierarchy functions can be configured to start
with the query node, or result node, and work backwards
until the start node. At each stage, the hierarchy functions
can be configured to jump back to the parent node. As
illustrated node number 10 has ancestors of node number 9,
node number 5 and node number 1.

[0056] FIG. 10 is an illustration of determination of sib-
lings in a hierarchy generated by a database having one or
more features consistent with the present description. For
example, the siblings in a hierarchy include all nodes that
have equal parent rank.

[0057] FIG. 11 is an example of a structured query lan-
guage interface showing a basic query implemented in a
database system having one or more features consistent with
the present description. Each individual function can be
called within a SELECT command. The default set of
functions requires at least a SOURCE parameter to be
defined by the caller specifying the source data.

[0058] FIG. 12 is an example of code including a complex
query implemented in a database system having one or more
features consistent with the present description. The
example of the complex query illustrated in FIG. 13 includes
nested functions.

[0059] FIG. 11 and FIG. 12 show that the functions can be
used by the developer to semantically describe the hierar-
chical relation and the navigation, rather than the developer
having to develop algorithms to perform the functions.
[0060] FIG. 13 is a process flow diagram 1400 illustrating
a method having one or more features consistent with the
present description.

[0061] At 1302, a selection of a generator function to be
applied to source data can be received at the one or more
data processors. The selection can be by a user providing
semantic descriptions of the generator functions. The gen-
erator function can be a table-valued hierarchy function.
Selection of a generator function can include receiving, from
a user, a semantic description of the generator function. The
generator function can be configured to support a plurality of
data formats of the source data.

[0062] At 1304, the generator function can be applied, by
the one or more data processors, to the source data. Applying
the generator function to the source data can form a nor-
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malized tabular indexed data structure. The tabular indexed
data structure can include a set of hierarchical attributes.

[0063] At 1306, a navigation function can be selected that
is to be applied to the tabular indexed data structure. The
navigation function can facilitate determination of a navi-
gation result. The navigation result can include a distance
between a start node of the source data and a results node of
the source data. The navigation result can include a start
condition. The navigation function can include a determi-
nation of a tree size, a rank of the source data, or a level.

[0064] At 1308, the navigation result can be provided to
the user. The navigation result can be provided through a
display of a client device associated with the user. In some
variations, the navigation result can be provided to one or
more database application, client applications, third-party
applications, or the like to be used in further processing by
the application(s).

[0065] Without in any way limiting the scope, interpreta-
tion, or application of the claims appearing herein, a tech-
nical effect of one or more of the example embodiments
disclosed herein may include providing an operation that
may facilitate navigation of hierarchies without requiring
database developers to implement algorithms to perform
hierarchy analysis. Consequently, the presently described
subject matter may increase the efficiency of the database
management system by allowing database developers to
define generator and navigation functions by semantics and
reducing possible errors in the database system.

[0066] One or more aspects or features of the subject
matter described herein may be realized in digital electronic
circuitry, integrated circuitry, specially designed ASICs (ap-
plication specific integrated circuits), computer hardware,
firmware, software, and/or combinations thereof. These
various implementations may include implementation in one
or more computer programs that are executable and/or
interpretable on a programmable system including at least
one programmable processor, which may be special or
general purpose, coupled to receive data and instructions
from, and to transmit data and instructions to, a storage
system, at least one input device (e.g., mouse, touch screen,
etc.), and at least one output device.

[0067] These computer programs, which can also be
referred to as programs, software, software applications,
applications, components, or code, include machine instruc-
tions for a programmable processor, and can be imple-
mented in a high-level procedural language, an object-
oriented programming language, a functional programming
language, a logical programming language, and/or in assem-
bly/machine language. As used herein, the term “machine-
readable medium” refers to any computer program product,
apparatus and/or device, such as for example magnetic discs,
optical disks, memory, and Programmable Logic Devices
(PLDs), used to provide machine instructions and/or data to
a programmable processor, including a machine-readable
medium that receives machine instructions as a machine-
readable signal. The term “machine-readable signal” refers
to any signal used to provide machine instructions and/or
data to a programmable processor. The machine-readable
medium can store such machine instructions non-transito-
rily, such as for example as would a non-transient solid state
memory or a magnetic hard drive or any equivalent storage
medium. The machine-readable medium can alternatively or
additionally store such machine instructions in a transient
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manner, such as for example as would a processor cache or
other random access memory associated with one or more
physical processor cores.

[0068] To provide for interaction with a user, the subject
matter described herein can be implemented on a computer
having a display device, such as for example a cathode ray
tube (CRT) or a liquid crystal display (LCD) monitor for
displaying information to the user and a keyboard and a
pointing device, such as for example a mouse or a trackball,
by which the user may provide input to the computer. Other
kinds of devices can be used to provide for interaction with
a user as well. For example, feedback provided to the user
can be any form of sensory feedback, such as for example
visual feedback, auditory feedback, or tactile feedback; and
input from the user may be received in any form, including,
but not limited to, acoustic, speech, or tactile input. Other
possible input devices include, but are not limited to, touch
screens or other touch-sensitive devices such as single or
multi-point resistive or capacitive trackpads, voice recogni-
tion hardware and software, optical scanners, optical point-
ers, digital image capture devices and associated interpre-
tation software, and the like.

[0069] The subject matter described herein may be imple-
mented in a computing system that includes a back-end
component (e.g., as a data server), or that includes a middle-
ware component (e.g., an application server), or that
includes a front-end component (e.g., a client computer
having a graphical user interface or a Web browser through
which a user may interact with an implementation of the
subject matter described herein), or any combination of such
back-end, middleware, or front-end components. The com-
ponents of the system may be interconnected by any form or
medium of digital data communication (e.g., a communica-
tion network). Examples of communication networks
include a local area network (“LAN”), a wide area network
(“WAN”), and the Internet.

[0070] The computing system may include clients and
servers. A client and server are generally remote from each
other and typically interact through a communication net-
work. The relationship of client and server arises by virtue
of computer programs running on the respective computers
and having a client-server relationship to each other.

[0071] The subject matter described herein can be embod-
ied in systems, apparatus, methods, and/or articles depend-
ing on the desired configuration. The implementations set
forth in the foregoing description do not represent all
implementations consistent with the subject matter
described herein. Instead, they are merely some examples
consistent with aspects related to the described subject
matter. Although a few variations have been described in
detail above, other modifications or additions are possible.
In particular, further features and/or variations can be pro-
vided in addition to those set forth herein. For example, the
implementations described above can be directed to various
combinations and subcombinations of the disclosed features
and/or combinations and subcombinations of several further
features disclosed above. In addition, the logic flow(s)
depicted in the accompanying figures and/or described
herein do not necessarily require the particular order shown,
or sequential order, to achieve desirable results. Other imple-
mentations may be within the scope of the following claims.
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What is claimed is:
1. A method to be performed on one or more data
processors comprising at least part of a computer system, the
method comprising:
receiving, at the one or more data processors, a selection
of a generator function to be applied to source data;

applying, by the one or more data processors, the gen-
erator function to the source data to form a normalized
tabular indexed data structure, the tabular indexed data
structure including a set of hierarchical attributes;

selecting, by the one or more data processors, a navigation
function to be applied to the tabular indexed data
structure to determine a navigation result; and

providing, by the one or more data processors, the navi-
gation result.

2. The method of claim 1, wherein the generator function
is a table-valued hierarchy function.

3. The method of claim 1, wherein the selection of a
generator function includes receiving, from a user, a seman-
tic description of the generator function.

4. The method of claim 1, wherein the generator function
is configured to support a plurality of data formats of the
source data.

5. The method of claim 1, wherein the navigation result
includes a distance between a start node of the source data
and a results node of the source data.

6. The method of claim 1, wherein the navigation result
includes a start condition.

7. The method of claim 1, wherein the navigation function
includes a determination of a tree size, a rank of the source
data, or a level of a data node.

8. A system comprising:

at least one processor; and

at least one memory configured to store computer-read-

able instructions, which, when executed by the at least
one processor, cause the at least one processor to
perform one or more operations, the operations com-
prising:

receiving a selection of a generator function to be applied

to source data;

applying the generator function to the source data to form

a normalized tabular indexed data structure, the tabular
indexed data structure including a set of hierarchical
attributes;

selecting a navigation function to be applied to the tabular

indexed data structure to determine a navigation result;
and

providing the navigation result.

9. The system of claim 8, wherein the generator function
is a table-valued hierarchy function.

10. The system of claim 8, wherein the selection of a
generator function includes receiving, from a user, a seman-
tic description of the generator function.

11. The system of claim 8, wherein the generator function
is configured to support a plurality of data formats of the
source data.

12. The system of claim 8, wherein the navigation result
includes a distance between a start node of the source data
and a results node of the source data.

13. The system of claim 8, wherein the navigation result
includes a start condition.

14. The system of claim 8, wherein the navigation func-
tion includes a determination of a tree size, a rank of the
source data, or a level of a data node.
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15. A non-transient computer readable medium containing
program instructions which, when executed by at least one
processor, cause the at least one processor to perform one or
more operations, the operations comprising:

receiving a selection of a generator function to be applied

to source data;

applying the generator function to the source data to form

a normalized tabular indexed data structure, the tabular
indexed data structure including a set of hierarchical
attributes;

selecting a navigation function to be applied to the tabular

indexed data structure to determine a navigation result;
and

providing the navigation result.

16. The non-transient computer readable medium of claim
15, wherein the generator function is a table-valued hierar-
chy function.

17. The non-transient computer readable medium of claim
15, wherein the selection of a generator function includes
receiving, from a user, a semantic description of the gen-
erator function.

18. The non-transient computer readable medium of claim
15, wherein the generator function is configured to support
a plurality of data formats of the source data.

19. The non-transient computer readable medium of claim
15, wherein the navigation result includes a distance
between a start node of the source data and a results node of
the source data.

20. The non-transient computer readable medium of claim
15, wherein the navigation result includes a start condition.

#* #* #* #* #*
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