A KETHOD OF | MPLEMENTI NG AN ACYCLI C DI RECTED GRAPH 7E00c0 0 -2

STRUCTURE USI NG A RELATI ONAL DATABASE 5 Field of the Invention se,e %
This invention relates to a nethod for inplenenting an acyclic directed
graph structure, or acyclic diagraph, using a relational database.
Acyclic diagraph structures are used frequently to nodel real world

hi erarchy systens. Exanpl es of such hietarchy systens where an acyclic 10
di agraph structure may be used are famly trees, Object-Oiented

rel ati onshi p nodel s, network routing structure, etc. Backgr ound
of the Invention 15 Despite the preval ence of acyclic diagraph structures

in the real worl dA MBETHODOR RMPLEMENITINGaA N XGYELIUPIRECYED GRApipde! .
Application devel opers prefer instead to either use anot her simlar

nodel , the directed treSTRUGEYRELSING ARBIAHONAL DATABASEaph systenms, or
alternatively generate "views" of an acyclic diagraph system and represent
the views with a directed-tree structure. 20 The mai n reason why
application programmers tend to avoid nodelling the acyclic diagraph '
structure js.due to the conplexity of the structure, and the conplexity of
i mpl emrent i%}lfgiﬂfthe IR¥EOEER| ning this structure. 25 A graph is a

mat hemati cal system consi sting of nodes (or points or vertices) and edges
(or links or arcs). The following is a mathematical definition of a

gr aph t aken Thisdnventionaélatey to a mbtd-fErimpldientinl ay asyutic Aarebte®Sg HPhREHre, or

| SBNO- 07- 065157-4): - | ] "A graph G consist of a nonenpty.set V
((:a| l ed t he g@?ﬁ%ﬁla%‘galéélspg@irﬂg@ml\;@gbasge cyelic diagraph structures are usenciD frequently

to model real world hierarchy systems. Examples of such hierarchy systems where an acyclic

10 diagraph structure may be used are family trees, Object-Oriented relationship models,

network routing structure, etc.

Background of the Invention

15 Despite the prevalence of acyclic diagraph structures in the real world, few computer
applications actually use the model. Application developers prefer instead to either use
another similar model, the directed tree structure, to emulate acyclic diagraph systems, or
alternatively generate "views" of an acyclic diagraph system and represent the views with a
directed-tree structure.

20
The main reason why application programmers tend to avoid modelling the acyclic diagraph

structure is due to the complexity of the structure, and the complexity of implementing and

maintaining this structure.

25 A graph is a mathematical system consisting of nodes (or points or vertices) and edges (or
links or arcs). The following is a mathematical definition of a graph taken from a book by

Jean-Paul Tremblay and Paul G Sorenson (ISBN0O-07-065157-4):-

“A graph G consist of a nonempty set V called the set of nodes (points, vertices) of

30 the graph, a set E which is the set of edges of the graph, and a mapping from the set



30 the graph, a set E which is the set of edges of the graph, and a

mapping fromthe set -2
- . of edges E to a set of pairs of elenents of V. W can
assune throughout that both sets V and E of a graph are finite. It is also
conveni ent to wite a graph as G=(V, E). Notice that the definition
of a graph inplies that to every 5 eddge of the graph G we can associate a
pair of nodes of the graph. If an edge, x [err] E is thus associ at ed
with a pair of nodes (u, v) where u, v [err] V then we say that the edge x
connects or pbedges Erte arsotiefspairs af dlementsiof b wo nodes whi ch are connect ed
by an edge in a graph are called adj acent nodes. 10 In a graph G =

(V, E) an edge which is directed fromone node to another is called a
directed  wegbossuMithBugHiuCHRboM etV BAS YT a8 4k Gintte! 2CkiaRB cof ed
an undirected edge. A gragzﬂrilB in which every%gggie is directed is ‘(’:%?%ngd a
di rected gr &pwriteoa grapliaadr eplV',.E). Notice|that shtcdefinisiontaf atgrepiatmplies det tnéeverpn,
t he sane hog i-ves the.follow ng.additignal defjnitiong.- 1 AN
sequence o s EurbalrG) G pai st bt Vo Tebheiagh ToeR 0. x5l o
the . associf&AWRR G Pailr Of AdMRs (U] v§ Wwhkre ROVQ Vithdr e 8408at thé e@dx cSHRERLE NT
next in the sequence defines _a path of the graph. A path iIs said
t o traver sejoinsrtheintdes nendhvd 4y & sedes whichmaret dognected by an edge inegrapk are called
originating_k.n {nitial node of the first edge and ending in the

term nal aajacetnp&)deﬁ'ode of the last edge in the sequence." 20 "A
path which originates and ends in the sane node is called a cycle

(circuit)." : "A si %e di agraph which does not have any cycles is
cal | ed adfcin&graph G = (VFEban vehiiehnie digestad frani one, node & aotheeistdalled eiiracred

acyclic diagpaph.can be su rised as:z .. . . . .The structure
consi sts on?@geg?"kﬁS&gsﬁ%g%d@gm specific directjon is caﬁﬁ%&”’ﬁ#’@c{fﬁiedﬁ'r Bo¥'flhal .
3. The did@ﬁkhreeé@tddg@&mi&c@eﬁmgd Arekrol gRPAEST 4 BiabRPhesented by a

maxi mum of one edge. I ndirect rel ationships, or paths,
between any two nodes may exist through edges with other nodes. 30
5. Each ﬂ'logﬁitg%){O H\%\ﬁgov%na%ﬁl%ﬁoxﬂ%ee sa(r:nr(]aI blogk %Rr%(sa ttie following additional definitions:-

15 "Any sequence of edges of a diagraph such that the terminal node of any edge in the

sequence is the initial node of the edge, if 5}1y, appearing next in the sequence defines
a path of the graph. A path is said to traverse through the nodes appearing in the
sequence originating in the initial node of the first edge and ending in the terminal
node of the last edge in the sequence.”

20 "A path which originates and ends in the same node is called a cycle (circuit)."

"A simple diagraph which does not have any cycles is called acyclic."

From the abovg definition, the properties of an acyclic diagraph can be summarised as:-

1. The structure consists only of nodes and edges.
25 2. Edges are uni-directional.
3. The direct relationship between any two nodes is represented-by a maximum
of one edge.
4. Indirect relationships, or paths, between any two nodes may exist through

edges with other nodes.

30 5. Each node may have one or more child nodes.



-3 - 6. Each node may have one or nore parent nodes.
7. There may exi st ancestor nodes for any given node, which consist of
all the successive parents of a particular node. 8. There
may exi st descendant nodes for any given node, which consist of all the 5
successive children of a particul ar node. 9. An ancestor of a
node cannot be a descendant of the sare mode. : 10. There exists
an inverse structure to any given acyclic diagraph structure. The
inverse structure to any given acyclic diagraph structure is the sane
structure but wi fh al Eachmode maydygee ang ecmprsrparaneuedesed. 10 The
traditional methgd to,store and, nmani pul ate.an acyclic directed graph
structure in a 7 congﬁ?rgmysex%ﬁréc f Rgdes for 4y %%owﬁﬁﬁ‘(ﬁ’ﬁﬁf'ﬁﬂ?ﬁg the
| anguages. Ragkdile!pardnltl 6F d par@lu¥fshode. Usi ng defined nenory storage areas as
nodes, and pointers as edges. An exanple using C code is thus:- 15
struct Node 8. Thaseymay exist descendant nodesfor anyagiver n@le, which consist oftatlithé
Node * , Wier e nodenane woul d represent the actual

5 SREABHRREEN of a prratlt Fodf

node, and "nextno edge 20 to another node. Operations
on the structuregcoul Anbacdstodof aMBRIcaHIHE 4 AR Df We sameHoaeedur es.
Exanpl es of such functions may be "Insert Node", "Delete Node", "Attach
Node", etc. 10\ t hbhgsmexing an ineerseotruetare tefahy givenatyclic didgeapbratrugreac¥be i ¢

di agraph, t eral . siderations to be made with regard. to the
conm! exi &y 1S SR EAREIH e1/eR bR LREIBA iRk B B8 B Smithird b oEh oy e
The maxi munedgerdirctiods reekged. associ ated with a node has to be known in
advance. 2. Difficult to find existence of paths between
nodes, adfal | possi bl e paths have 30 to be traversed before a concl usion

can be made . ideration i de op . to the reliability
of the str u'g{lfj rt%ad\l/aotnﬁl rrngglgg c}g '!FO(S‘? QHF nga?up%tlate an a%ycq% diredted graph structure in a

computer is done using third generation programming languages. Basically this involves

using defined memory storage areas as nodes, and pointers as edges. An example using C

code is thus:-
15 struct Node ({
char nodename [10]
struct Node *nextnode (4]}

Where nodename would represent the actual node, and nextnode would represent an edge
20 to another node. Operations on the structure could be programmed using functions or

procedures. Examples of such functions may be "Insert Node", "Delete Node", "Attach

Node", etc.

Although this method can efficiently implement an acyclic diagraph, there are several

25 considerations to be made with regard to the complexity and reliability of such an

implementation.

1. The maximum number of edges associated with a node has to be known in
advance.

2. Difficult to find existence of paths between nodes, as all possible paths have

30 to be traversed before a conclusion can be made.

3. No consideration is made on to the reliability of the structure with regards to



-4 - dat abase concurrency and integrity. 4. ° No node
locking mechanismis available, thus limting the use of the structure

to one user or operation at a time. 5. May encounter problens
when using third generation | anguages Wi t h regard 5 to menory allocation
or lost pointers which would cause the whole programto crash.

Al t hough a skilled programer may be a#i-e to get around all these
limtations, addressing each and every one of themonly adds further
conplexity to the programming to be done. In addition, since everything
i s done progatehesmeansurrency anddntegrity. a great er possi bil | ty of hidden 10 bugs

and (i’ conshm ng 6 ot GG RPAGRR Rl SR Bt b e imeties,

of fers an afol@ienéd mpemla@qt Qﬁnﬁt oring and mani pul ati ng acycl ic directed
gr aph structures by using a rel ation dat abase. In accordance with

the present invehtionVay n@qoenﬁespmbtmmhﬂnaxsmtthwdi gﬁmfatg!arlémalagfrsgmdnrega;dcl ic

operat ed #coaneabe btn o Rio B En el AR b o o BB R e

plurality of nodes directionally coupled to one anot her so that each
node has at | east one child node in a forward coupling direction and/or

at | east onéltheughyn slﬂkhﬂeprparammeémys@ abbritel gen grosmd el these limitatipns, ad¢rgssxng

generati ng r [ n onship bet n

node in thegacg%ggye}:' afgd#e"élé @nagggkurﬁ’g g‘?f“@ﬁ’é‘% %’of BFO(%%P V@?’ R
gener ati ng Rnddidgs, srmb leeersi&lrngqé dune phopetintradticAy, &ei@lls%tgréuﬁ&fﬁoeslbiﬁw\eﬂﬂd&éﬁh
directly coupl ed pair of nodes in the acycllc di agr aph;

gener ati 1§ Bogsanthe syitems tand dhe pystanh maidenianes WAY giuspreveoters dpféi@hlt land \tieren
any two nodgs, in the acyclic diagraph. 30 The present invention also
provi des a corrpu%é stored data structure in a relational database

Summary of the Invention

15 This invention offers an alternative method of storing and manipulating acyclic directed graph

structures by using a relation database. “

In accordance with the pfesent invention, there is provided a method for generating an acyclic
directed graph structure, or acyclic diagraph, utilising a computer operated relational
20 database, the acyclic diagraph comprising a plurality of nodes directionally coupled to one
another so that each node has at least one child node in a forward coupling direction and/or
at least one parent node in a reverse coupling direction, comprising:
generating a node table structure indicating a relationship between each node in the
acyclic diagraph and at least one node property;
25 generating an edge table structure indicating a relationship between each directly
coupled pair of nodes in the acyclic diagraph; and .

generating a path table structure indicating existence of a path between any two nodes

in the acyclic diagraph.

30 The present invention also provides a computer stored data structure in a relational database



-5-° - system for representing an acyclic diagraph conprising a
plurality of nodes directionally coupl ed to one another so that each
node has at |east one child node in a forward coupling di rection and/ or
at | east one parent node in a reverse coupling direction, the data
structure conprising: 5 a node table structure indicating a

rel ati onship between each node in the -dcyclic di-agraph and at | east one
node property, the node table structure including a record for each node
in the acyclic diagraph, each node table structure record including a node
i denti fi cat system fof ir€resentingg ad adyehis diagraphothpriping peplasalifyi ef nbdes directionally an
edge table stryciure indicati a rel atjonship bet n each pair of cqupled
parent 10 aﬁﬂufﬁﬁf foenepather sp 3\%%"3&&)983? W‘éﬁ‘?‘a‘fi}?,c\iﬁaé‘ogﬂﬁba ofpREd cqupliBg ur e -
i ncluding a i ; sfFnfihd p 0, ach
edge table g {rrgﬁtg{ngarnfgﬂireagor clmr?cﬁgﬁégli ﬁgéer lg?:)%g%rl ve pﬁH# Pgﬁ@ﬂt gl%?d(?% hgﬁ.%ur he

parent nodecemprisihe chil d node; and ) a path table structure

i ndi cating existence of a path between any two .naodes in the .acyclic

di agraph, >t he pafHofgble st P ci‘tH\SI%(ﬂ‘Flﬁ&’“éh'PéE‘Bé"?fnf@Fﬁl &9de iy 2 agylic
parent and L | rs

oupl ed nodSabiaf F £ G rRAE BihpBHY, RENSN B oA Ndng BTERA 1) czch

- each pat h t atdedn steragyclierdiagraphpeadh inodd tabliersgucteeprecdrd imcldding aaode idemtifichdon i f y
each of the Eﬂl r .of nodes. A rTﬁt gpd of maintaining a data structure as
defi ned abo¥eld;and gt legstangpode progerty fleldnr esent 20 i nvention, incl uding:

a node creation 4 e i : L I h
by inserting - B SEETE e iifcaing aRo RO Enkin ith Y O CpRlGAIAR
val ue i n Qanml childmodeleintthd acyali¢ diagfapk) ttle edge table structure indading ianmédong for each

B bl g e o Sh e B3 bt SO raard it ermeve
the edge tahleﬁsfafdgﬁg@rtﬁe ?riéiri]t;do ¥'aﬂ<9tt{e*?:ﬁi1§¥{b&é? gde and

t he parent node an cou Irection fromthe parent node to the child
node; a path table stnetire indjcating existenceoofca path thetwepntahy twbInedest inuthe ur e

identifying the child node an . . he parent_node and
coup 1 1y o FolEks GAemot i bt Bble sHctsdactiding pgesord fof eafibar of parent and child

node; 15 coupled nodes and pair of ancestor and descendant coupled nodes wherein two nodes are

coupled thrbugh an intermediate, each path table Structure record including respective fields

to identify each of the pair of nodes.

A method of maintaining a data structure as defined above is also provided by the present

20 invention, including:
a node creation procedure for creating a new node in the acyclic diagraph by inserting
a new record to the node table structure with a unique value in said node identification ﬁéld;
a node linking procedure for linking a child node to a parent node in the acyclic

diagraph, comprising the steps of: |

25 inserﬁng a new record in the edge table structure identifying the child node
and the parent node and a coupling direction from the parent nede to the child

node;
inserting a new record in the path table structure identifying the child node and
the parent node and a coupling direction from the parent node to the child

30 node;



-6 - - selecting fromthe path table structure each
ancestor node coupled to the parent node and inserting a
new record in the path table structure identifying the child

node and each ancestor node and a coupling direction fromthe ancestor node
to the child node; and 5 , selecting fromthe path table
structure each descendant node to whicl®-the child - node is
coupled and inserting a new record in the path table structure

identifying the child node and each descendant node and a coupling
direction selecting frdm ¢he) pathetablé sthuttunoebeh tmcestrenode sowpletht the paent

a node unlinking procedure,for .unlinking.a ¢chil de froma parent node in
the 10 acyclic di agra’b"cr‘jli,e apd, pring e ng"gt‘%g‘&[’ :t"‘q’(fe structure identifying the child

removing from the. edggds ARl & Wb KSR o BEPNAL GHBSA il WIBAPRbEL
node and the parent node; removi ng from

the path tabl e structtartke ehitdmnodecandd i dentifying the child node;
sel ecting.and renoving, fromthe path table structure each record .
i dentifying 15 %"’C““gr?mmﬁ}‘? Pé&fé%@‘f SFUWB%QE’M‘CSP?@MOQHFO Woisd theehild

descendant node of thgdehisl cbuprRdeand insertin% a new record @"e path .tatﬁe structur,
systematically review ng the edge table structure beginni rﬁg With records

i dentifying an ancestidentififingtheichildisodeaand reachndeseendentchetie rmd @ eowpling pitdebtidn om

an ncest qr., ,node. of the rent, node to a descendant node
of the child node, 2 PO the chitd HodS to &‘Fgﬁcggﬁaaﬁbn‘lq% path table structure to

i f any such pat haingdé dflirikidg Sdcéréifd@aintinking a child node from a. patdlt o8k il Gid!T ©
record and inserting a new record into the path table structure

i dent i f yilRgaayplig diggiaph, qompsisiagdhe steps dfn t he path table structure; and

a renove node procedure for .enmvi ode whi ch has, been.unl inked from
t he acyclic di agrarﬁﬁl,ov@grﬁ?ﬁ er?ag? %ﬁq?f@mferg‘ﬁ\r?‘f?éd B%fyf“&bﬁll"gcg'?‘m Cur e
the record identifyi ngd2ke pdientholié;nked node. Brief Description of the

Dr awi ngs The invention is described in greater detail hereinafter, by
way of exanple only, mevingfomdhepatnibletstuatire eacicrenpraridéntifyidg i ohijs, node;

wher ei n: selecting and removing from the path table structure each record identifying
15 an ancestor node of the parent node and a descendant node of the child node;

and "

systematically reviewing the edge table structure beginning with records
identifying an ancestor node of the parent node to determine any path from an
ancestor node of the parent node to a descendant node of the child node,
20 reviewing the path table structure to if any such path is identified by a path
table structure record and inserting a new record into the path table structure
identifying that path if none exists in the path table structure; and
a remove node procedure for removing a node which has been unlinked from the

acyclic diagraph, comprising removing from the node table structure the record identifying
25 the unlinked node.

Brief Description of the Drawings

The invention is described in greater detail hereinafter, by way of example only, with

30 reference to the accompanying drawings, wherein:



-7- Figure 1 is a representative diagramof an acyclic

directed graph structure; and Figure 2 is an exanple of another
acyclic diagraph structure. Det ai | ed Description of the Preferred
Enbodi mrents 5 Described herein is a nethod to inplenment acyclic

di agraph structures with the use of a commercially available relation
dat abase. Various operations are described on how to store, retrieve,
update and maintain itenms in the structure. 10 The advant ages of
usi ng commerci al le avai | abl e dat abases are: - Currently
avai I abl e in theFisirkbis prepeasenfativerdizgramiof én geyctie directed graph structyre; and Speeds

up application d%}/ Irggﬁée}lg% ai"ﬁgﬁ ucflemihﬁreacryei“f a%%'ia}’t[‘ wcltdées the strengths of

rel ati onal databa het wor ki ng
capability, indexing capabilities, etc. 15 4. Rel at i onal

dat abases are based on the mat hemati cal concepts of set theory and tuple
cal cul us. TiRetailedDeseriptiontof they Prefesied Brahodigntsit | ons on an acyclic di agraph
structure.s Thi s preferred formof the invention enploys three database
tabl es. ThHe tables are:- 1. Node Table 20 This table stores the
properties @esariteld Hegse is A nietbod foCinthldthisit abyelio eakriph stiiclieed with AR usd of a
each node. Any nunber of additional fields can also be used to represent
addi ti onal compmersiatlyayalablgfrelaton database. TYripus gperatians Greidesaribad an oy faestoxsu| d

represent a ee structure. 25 2. Edge
Tabl e Tﬁ&ggﬁégﬁgﬁg?‘g‘?é@ﬁ%lt?[g%{ﬁgtrsﬁﬂlt%{ebet ween any two nodes. It nust

consist, of at least two fields, a parent field (or initial node field)
and a child field (or term nal nodefleld Thus each record within
this tabl¥® woul d i‘ﬁG@V%ﬂ@\g%%fé%ﬂﬂgaﬁ?%@ailha‘é?r‘ia%iéﬂéqai’%seﬁj?rﬁect ed graph

structure. 30 1. Currently available in the market place at affordable prices. -8 -
2. Speeds up application development time.
3. Utilises the strengths of relational databases. These include the reliability,
networking capability, indexing capabilities, etc.
15 4. Relational databases are based on the mathematical concepts of set theory and

tuple calculus. The same concepts are used for dperations on an acyclic diagraph structure.

This preferred form of the invention employs three database tables. The tables are:-
1. Node Table

20 This table stores the properties of each node. A key field must be used to uniquely identify
each node. Any number of additional fields can also be used to represent additional
properties of the node. Thus each record in this table would represent a node in an acyclic

directed tree structure.

25 2. Edge Table
This table stores the relationship between any two nodes. It must consist of at least two
fields, a parent field (or initial node field) and a child field (or terminal node field). Thus
each record within this table would thus represent an edge in an acyclic directed graph

structure.
30



3. Path Table This table |list paths between any two nodes. This table
must consist of at least two fields, an ancestor field, which is the
initial node of the path, and a descendant field, which is the t erm nal
node in the path. Thus each record within this table would represent a path
inthe 5 acyclic directed graph structure. Note that this table does not
list the routes between any two nod@s, that has to be derived froma
traverse if the edge table, but only the existence of a path bet ween' any
two nodes. This is sufficient as it will show that there is a relationship
bet ween .Bhe tPRshTables. 10 It is inportant that the integrity between
all three tables be kept. The followi ng ruyles can be ﬁtilised i_.n order

| .
to ensure i meggaole st pathsRetwren apetio nodes. This table rqust consgsg of at Ig3st, gv9 fieldg.ean
t fiel ed gl o i , !
ol o b el HRId. WHich isARERREA nolt B e CERCEACEHdal RUE, whickHF ne)®

Al paths asrmingl esderinell path.t Taufedch récabd withinatt;ilslnﬂ)lembeldtrepfesentepauhdu;ﬂ?ﬁd 15
t hrough traversing the nodes using the Edge. t e. .. 3. Al
possi bl e PaiqysliG directed 2eaph swuctire N%Wéhtégbl%@sémtél%w%t&& pefgen aetWiodes

|n the Edgerdqbly o & te WRAFRRIPS ihRollIPHEBAL didDI6fi only the exibiedtllof b/}aRe

three rules are ese ee ta us represent an
acyclic di rbawesh an two agdes.s This s suffecienias @ witiahow khias theed isadehtisnship bawsenor e

t han one acyclic di agraph structure to exist in the database at any one
tinme, and a&@éwﬁln%%s the different structures to nmerge t oget her, or
split up into two different structures. Al so note that this technique al so
al | ows us to not only represent an acyclic directed graph structure,

but al so 10t R is impertaret tisit thedhtegrity bésween all ehreerables bé kepic Tha fellowiag wiles can be
rel ati onal dalta ase is represented by Tahles 1, 2 and 3 below, 25 and shown

i n di-agr anm¥ilised ferder tp ensyrg integrity is maintained:- - Node
gr operty (Colourj, Gr%aednl v%lble in the parent field, child field, lancestor ﬁgld and descendarfp/fidRi
Bl ue must be able to be mapped to a key fiedd record in the nodes table.Red

5

9-
2. BrRYlmpaths as represented in‘the Path table must be able to be reproduced
15 through traversing the nodes using the Edge table.
3. All possible paths in the structure which are traceable by traversing the nodes

in the Edge table, are represented in the Path table.

If all these three rules are kept, then these three tables will thus represent an acyclic directed
20 graph structure. Note that this method also allows more than one acyclic diagraph structure
to exist in the database at any one time, and also allows the different structures to merge
together, or split up into two different structures. Also note that this technique also allows
us to not only represent an acyclic directed graph structure, but also its inverse structure. An
example of such a structure in a relational database is represented by Tables 1, 2 and 3 below,

25 and shown in diagrammatic form in Figure 1.

Node Property (Colour)
1 Blue
2 Green
30 3 Blue
4 Red
5 Brown




6 G een

8 Bl ue
10 Br own
12 Bl ue
14 Bl ue 10
Tabl e 1: Node Tabl e
1 6
2 9
2 5 20
3 8
5 13
6 _ 10
7 5 12
8 14 30
11 15
35
1 4
1
40 10
5

15

20

25

30

35

40

7

9

11

13

15
Par ent

1
2

Red
Violet 5
G een
Vi ol et
Red
Child 15

Grée:g

Red4

Blue 6

9 25

Violet /

11

s \O OO 2| O\
o

Brown' _

13

11

Green ~

15

Blug e condant

A ]’2ﬁct or
13

Violet 1

fabl e 2: Edge Tabl e

ol 14

Blue

6
10

1015

Red15

2

2

7

Table 1: Node Table

Parent

hild

C
6
4
9
7
5
5
8
9

T

13

9

10

11

12

13

14

15

H\OOO\]\]\]O\O\U\AUJWNNNH'—‘
Pt

15

Table 2: Edge Table

Ancestor

Descendant

4

6

9

10

15

5

1
1
1
1
1
2
2

7




-10- 2 9
2 11 2 12
2 13 5 2 15
3 5 3 8
3 13 3 14 10
4 9 -10- 4 15
5 13 6 9
6 10 15 ' Z 11
7 12 2 9 7 13
38 14 2 11 9 15 20
11 15 2 12 3
Table 3: Path Table In |gder to effijggently manipul ate the acyclic
directed graph structure, sgveral operatiqlRs need Zo to be defined. The
followng is a description Tatne OpET At QIS —as wett—=as| sanpl e M crosoft
SQ. Server code on how to ilH;cncHL ttre \%Clatluno Creat e Node
Thi s operation creates a newotde—tn—the jﬁ.uUtu.c A—Alew node in the
structure is represented 30 a—Hew e t—n—th table. A new key
val ue nust al so be generate 30 uniguely 14 ldentify thi s new node. One or
nor e addilfi onal properties Yy also be s L fi e new node. A new
node once created, will exi9t4independentll§ fromthe rest of the structure.
It must be linked to a ndde al ready i fl8he structureg to become part of
it. - 6 9

6 10

15 7 11

7 12

7 13

8 14

9 15

20 11 15
3

Table 3: Path Table
%

In order to efficiently manipulate the acyclic directed graph structure, several operations need
25 to be defined. The following is a description of the operations as well as sample Microsoft

SQL Server code on how to implement the operations.

Create Node

This-operation creates a new node in the structure. A new node in the structure is represented
30 by a new record in the node table. A new key value must also be generated to uniquely
identify this new node. One or more additional properties may also be specified for the new
node. A new node once created, will exist independently from the rest of the structure. It

must be linked to a node already in the structure to become part of it.

35



35 Exanpl e: | NSERT | NTO nodet abl e (node, property) 5

VALUES (16, Blue); Renove Node This operation renpves a node from
the structure entirely. Note that the node nust first by unlinked from
all other nodes before it is renoved. 10 Li nk Node Thi s operation
links a node (Child note) to another nodgj(Parent node) in the structure.

By |inking the two nodes, new paths nay a}so be formed in the structure.
Part of this al gorlthmls to ensure that there is integrity in the
structure. The algorithmis:- 15 1. Det er mi ne whether a .cyclic
path woul d bpxdmsieed by the Link operation. (This can easily be done by
ensuring that the Child node to be linked is not already an ancest or

node of the Parent node to be linked to). If a cyclic path would be forned
t hen t he pmsxmdamoimdeetabmt(eﬂdsj neepkbeyy esul ting structure woul d not
be acyclics yarug (1 e): Link the Child node to the Parent node. 20

3. Det erm ne ﬁér ut east one of the new paths already exist in the
structure. (If at |east one new path already exists, then all possible new
pat hs shoul dRemo\e&Ng@giy exist in structure). 4. End operation
i f paths alr el se co nue, on to the, next ste

Gengr ate a | B?ra 'Inf emQYeHa ﬂ@ % tﬂ?iﬁ“%f’f’é&%ﬁ' N@tertgﬁﬁﬂ&@mﬂﬁeﬁfﬂat h
25 table. Thbjsmdmkedb&mmaibotbgrnodes before it is removed. i ) Addi ng all ancestors
of the pargnt node as ancestors of the descendants of the

child node iﬂlgige Pat h tabl e. 1) Adding all the
ancestors of rent node as ancestors of the child
node into tHEhiPapératiablieks 88ode (Child note) to and)thd:r) node@ﬁi*eﬁgn&ie) it BR structure.
descendant s g BL{aﬁgt U o BORE, A ERE B Mo b ForkBS in the structure. Part of B "
algorithm is to ensure that there is integrity in the structure. The algorithm is:-
15 1. Determine whether a cyclic path would be formed by the Link operation.

(This can easily be done by ensuring that the Child node to be linked is not already an

ancestor node of the Parent node to be linked to). If a cyclic path would be formed then

the procedure is terminated since the resulting structure would not be acyclic.

2. Link the Child node to the Parent node.

20 3. Determine whether at least one of the new paths already exist in the
structure. (If at least one new path already exists, then all possible new paths should
already exist in structure).

4, End operation if paths already exist, else continue on to the next step.

5. Generate a list of all new paths and add corresponding records to the Path
25 table. This can be done by:
i Adding all ancestors of the parent node as ancestors of the
descendants of the child node into the Path table.
ii) Adding all the ancestors of the parent node as ancestors of the
child node into the Path table. |
30 iii)  Adding all the descendants of the child node as descendants of the
parent node into the Path table.
iv)  Adding the Parent node and Child node as ancestor arid descendant



iv) Addi ng the Parent node and Child node as ancestor and descendant
-12- respectively into the Path table. Exanpl e of Link
Qper ati on 5 CREATE PRCCEDURE Li nk @arent node, @hild _node AS
DECLARE @ncestor int  DECLARE @é&3tcount int  DECLARE
nodeancest or | NSENSI TI VE CURSCR 10 FOR SELECT DI STI NCT

ancest or W hﬁa - WHERE descendant =
@ar ent node BEG N°} m@éﬁ%ﬁ ble.@ estcount = COUNT (ancestor)
FROM pat ht abl e VWHERE descendant = @ar ent node AND

ancest or :E%Fjemqﬁk Opéfition | F @estcount > 0 BEG N
RAI SERROR ("IlTegal Link, Cyclic path not allowed', 16,-1)

RETURN END 25 | NSERT | NTO edgetabl e (parent, child)
VALUES 5 CREATE @@CEDUREUEinKphk8ROdede, @child nddeECT

@ est count a5 COUNT (ancestor) 30 ~ FROM path table
DECLARE @ancestor int
DECLARE @testcount int
DECLARE nodeancestor INSENSITIVE CURSOR
10 FOR SELECT DISTINCT ancestor
FROM path_table

WHERE descendant = @parent_node

BEGIN
15 SELECT @testcount = COUNT (ancestor)
FROM path_table
WHERE descendant = @parent_node
AND ancestor = @child node
20 IF @testcount > 0 -
BEGIN
RAISERROR ('Illegal Link, Cyclic path not allowed',16,-1)
RETURN
END
25
INSERT INTO edge_table (parent, child)
VALUES @parent node, @child node
SELECT @testcount = COUNT (ancestor)
30 FROM .path_table
WHERE ancestor = @parent_node
AND descendant = @child_node .
IF @testcount > 0
35 BEGIN

RETURN /* Path already exist in structure */
END



WHERE
@hil dnod

e

ancest or

/* Path already exi st

@ar ent node AND descendant =
|F @estcount >0 35 BEG N RETURN
in structure */ END

-13 - - OPEN nodeancest or -13FETCH nodeancest or | NTO
@ncest or VWH LE @@etch status = 0 BEGN 5
| NSERT | NTO dmint aRJRahalsEest or, descendant) - : SELECT
@ncest or, descendant FROM pat ht abl e
VHERE ancestfTC RRACIPSTEQE INTO €ancestor an\p .descendant
NOT IN .10 WHILE @@fetch_status = ( SELECT descendant
FROM pat ht atHEeGIN VWHEREancest or =
@ncest or) | NSERT | NTO pat ht abl e (ancestor, descendant)
15 5 SELECT DITSBERCTINE® ent, p@thi talnbeie(ancestor, descenHROM
edget abl e  sEMHERE PaigRese RN RIhg AND
chil dnode NOT I N ¢hoestot, W EcT descendant
20 FROM FR@yh_table pat ht abl e
WHERE ancestor @ncesiseRk ancestor = fdeh&inpsgancestor I NTO @ncest or
END AND descendant NOT IN
. 10 { SELECT descendant
FROM path_table
WHERE ancestor = @ancestor)
INSERT INTO path_table (ancestor, descendant)
15 SELECT DISTINCT parent, @child node
FROM edge_table
WHERE parent = @ancestor
AND child node NOT IN
{ SELECT descendant
20 FR@M path_table
WHERE ancestor = Qancestor)
FETCH nodeancestor INTO @ancestor
END
25 INSERT INTO path table (ancestor, descendant)
SELECT @parent_node, descendant
FROM path_table
WHERE ancestor = @Qchild node
AND descendant NOT IN
30 { SELECT descendant
FROM path _table
WHERE ancestor = @parent node)
INSERT INTO path_table (ancestor, descendant)
35 SELECT DISTINCT parent,@child node

FROM
WHERE
AND

edge_table
parent = @parent node
@child node NOT IN
( SELECT descendant



25 | NSERT | NTO pat ht abl e (ancestor, descendant)

SELECT @ar ent node, descendant FROM

pat ht abl e VWHERE ancestor = @hil dnode AND
descendant NOT IN 30 ( SELECT descendant
FROM pat ht abl e VWHERE ancestor =
@ar ent _node) | NSERT | NTO pat htabl e (ancestor,
descendant) 35 SELECT DI STI NCT parent, @hi | dnode

FROM edget abl e - MHERE "~ parent = @arent.node
AND @hi | dnode NOT I N

SELECT descendant

-14 - . FROM pat ht abl e
WHERE ancestor = @ar ent node) B® 5 URPFMKA3E8e  This operation
unlinks a node (Child node) from anot hetHERBd@cEPaseRt epatka)t nBdéhe
structure. Bygnnl | nki ng any two nodes, the paths table needs to be
updated to reflect that some of the paths are no | onger valid. The
algorithﬁlfor the unlink operation can be expressed as: 10 1.

Renove frobntileNedge table the |ink between the Parent node and Child node.
Li nk the ClrhisbpBaflén Lilidke @ foas &Hild¥Rie) from another node (Parggrﬂ&ig) iRy Rat
table all hl nkfnlpet ween an(:(?St?’%gsﬁﬁlfé the.%%renh no%e an eScendant & - of
the child R¥RUnKIng any two godes, the,paths table gyrds o, be, updated i) refleqy dhatisame i theeen
t he par ent patbsiareaedonrgei validaobies algorithm for the unlink operation can be expressed as:

10 1. Remove from the edge table the link between the Parent node and Child node.
Link the Child node to the Parent node.
2. Remove from the path table all links between ancestors of the parent node and
descendants of the child node. ,
3. Remove from the path table the link between the parent node and child node.
15 4, Add back to the path table all links which may exist between the ancestors of

the parent node and the descendants of the child node through alternative paths.
5. Add back to the path table the link between the parent node and child node if
such a path does exist through an alternative route,,

20 Example of Unlink Operation

CREATE PROCEDURE unlink @parent-node, @child_node

AS
DECLARE @ancestor int
25 DECLARE @testcount int
DECLARE nodeancestor SCROLL CURSOR
FOR SELECT DISTINCT path_tablel.ancestor
FROM path_table as path_tablel
INNER JOIN path_table as path_table2
30 ON path_tablel.ancestor = path table2.ancestor
WHERE path_tablel.descendant = @child node”
AND (paﬁh_tableZ.descendant = @parent_node

OR path_tablel.ancestor

@parent_node)

35 BEGIN



15° 4. Add back to the path table all 1inks which may exist between

_the ancestors of t he parent node and the descendants of the child node
t hrough alternative paths. 5. Add back to the path table the
| i nk between the parent node and child node if such a path does exi st
t hrough an alternative route 20 Exanple of Unlink Operation CREATE
PROCEDURE unl i nk @ar ent - node, @@hildl 6de AS - DECLARE @ncest or
int 25 DECLARE @ est count int DECLARE nodeancest or SCROLL
CURSOR SELECT DI ST] NCT pat ht abl el . ancest or :

FROM pat ht abl e ngiéﬁlﬁp Bl el eage 314 | NNER JO N pat ht abl e as

pat ht abl e2 30 WHERE pareny = §pAnenbbrede ancestor =
pat ht abl e2. anceatpr child =\WHERBd_node pat ht abl el . descendant =
@hi | d_node AND (path tabl e2. descendant =
@ar ent _node OR pat h_tabl el . ancestor =
@ar ent_rode) ©O8BENBEG N nodeancestor DELETE FROM edget abl e
VWHERE FEPEK efRST @daa@ats rad@NTO Gances D child =
@hil d_node  S5yguire OPENgefetch sfgelgarcest or FETCH FI RST
nodeancest or Ih@&k@?ncestor - VH LE @detchstatus = 0
BEG N -

DELETE FROM path_table
10 WHERE ancestor = @ancestor
AND (descendant IN
{ SELECT descendant
FROM path_table
WHERE ancestor = @child node)
15 ' - OR descendant = @class_node)

FETCH NEXT nodeancestor INTO @ancestor
END

FETCH FIRST nodeancestor INTO @ancestor

20 WHILE @@fetch_status = 0
BEGIN "
INSERT INTO path_table (ancestor, descendant)
SELECT Qancestor, child
E'ROM edge_table
25 INNER JOIN path_table ON parent = descendant
WHERE ancestor = Rancestor
AND child NOT IN ( SELECT descendan®.
' FROM path_table
WHERE ancestor = @ancestor)
30 INSERT INTO path table (ancestor, descendant;]
SELECT "~ Qancestor, child
FROM edge_table
WHERE parent = @ancestor
AND child NOT IN ( SELECT descendant
35 FROM path_table

WHERE ancestor = @sncestor)
FETCH NEXT FROM nodeancestor INTO Rancestor
~ END '
END



DELETE FROM pat ht abl e 10 VHERE ancestor =

@ncest or . AND (descendant I N

SELECT descendant FROM pat h_t abl e
VHERE ancestor = @hil d_node) 15 _ OR
descendant = @l ass_node) FETCH NEXT nodeancestor | NTO
@ncest or END FETCH-HBRST nodeancestor | NTO @ncestor 20
VH LE @detchstatus = 0 BEG N | NSERT | NTO

pat ht abl e (ancestor, descendant) SELECT @ncest or,
child An example FeR@ow this tech{dqm maplbe Dplied is be in a ClassifickticiCOBétem. A
pat ht abl e ancestor =

@ncest or O’}&J%ﬁ{cses”blrgcu?g;ﬁ%” ave several h““df?ﬂlﬂr‘éfiq‘il@'la“ﬁ Neqviceselagsifications: e Khesa

FROM pat ht algsificati ed
ancestor = G é écgtl%rrls)magobe organised into al‘ﬁléeé:ﬁe'ld %rﬁﬁ_}bstrucmre lllus a]txox\? Eggtto r

descendant ) asample classification sBiEC&ETis shown in Figu@icest or, Chl I d
FROM 5 edge table VWHERE parent =
@ncest or AND child NOT IN ( SELECT descendant

35 - Using the described technique ft ting this cl i
WHERE ancest or : @ncest or) fque for Fepreseliting ttz c#éﬁﬁ%eg@ﬂatﬁ%?ég’%%fagw
| NTO @ncestar developed. END END

- 16- An exanpl e of how this technique may be applied is be in a
Classification System A Busi ness Directory may have several hundred
products and services cl assi fligHe 0N -ClditTRation
10 1 Flow Control Equipment
2 Valves
3 Pumps
4 Waste Treatment Equipment
5 Air Pumps
15 6 Acid Pumps
7 Sewerage Pumps
8 Sewerage Filters

Table 4: Node Table
20 '

E

Parent

25

E-Q BN I IV ] EFV] Y F
oo[w|wjov|wn|w[ro]a

30 Table 5: Edge Table



cl assifications may be organised into a directed-graph structure. An

illustration of a part of a sanple classification structure is shown in
Figure 2. 5 Usi ng the described technique for representing this
classification system the follow ng tables are devel oped.
Node Classification 10 1 Fl ow
Control Equi pnent -17- 2 Val ves
3 Punps 4 Wast e Treat nent
Equi prment 5 Air Punps 15 :
6 Aci d Punps N - 7 _ Sewer age
- or S

'Fr);g}o e 4: Node Table 20 Ancestor Dﬁéﬁﬁfnﬂﬁfﬁ'
Chil d 1 1 2 2
1 3 1 3 3 . 5 25
3 5 6 1 5 3 7
4 7 1 6 4 8 30
Tabl e 5: Edge Tabl e 1 7 -17-
Ancest or Descendant [3 5

3 6

10 3 7
4 7
4 8

Table 6: Path Table

15
It is then possible to relate-companies to any given classification, and in doing so, make sure
that all ancestor classifications may also ‘inherit' this relationship. For example, supposing
it is desired to relate the company "Caterpillar Pumps Ltd" to "Air Pumps" by inserting a
record into a table specially created to represent this relationship. The following table would
20 result:-
Company Classification Table
Classification | Company
Node
25 5 Caterpillar Pumps Ltd
The Path Table can then be used to reflect the same relationship to the ancestor
classifications. A sample SQL statement to do this would be:-
30 INSERT INTO company_ classification_table

SELECT ancestor, "Caterpillar Pumps Ltd" ’
FROM path_table
WHERE descendant = 5

35 The resultant table would then be:-



2

6

6 10
7
Tabl e 6: Path Table 15
gi ven cl assification,

PN R NN

classifications nmay alp

supposi ng it is des
"Air Punps" by inserti
represent this relatiofi
Conpany CIaSS|f|cat|on
Node 25

Path Tabl e can then be
ancest or

It

1

. 3
-18-

4
I's then possible torelate conpahies to any

Hsd

BT

IHj.KF.r SUl' ©

@Fﬁpﬂ el ations

5
3 5
7
8
that—at cestor
h|p For exanpl e,

Punps Lt d" to

ht a r ecqiterpillar Pumpsidltd special ly crleated to
hip. The 1 0 taDI e woulrd 20 resuj t:
able %_a{ewﬁ sLid o assificati

on Cowpany

Caterpillar | ﬁﬁﬁﬁé%&' lar Punps Lt

d The

cl assifications.

DCU LU IC'IIUUL [IIC odllc IT'I aLTUIISIII }.FL

A sanple SQ statenent to do this would be: -

t he

30 ¥pEeheL édiﬂiﬁn{é@%@%h&ﬂ adued ftb Gad Ismé:ﬁlbka@' "Cau[)eda ValveELEETto the
ancest or, Ca,tleca |II${ . I,R‘O\/I g rae%ums th thV\HERE
descendantclassiications "Yglves'o B‘ftg feeny JgeatmeRs g e nSpeerag P en e
- 18- following table would result:-
5 .

Classification | Company

Node

1 Caterpillar Pumps Ltd

3 Caterpillar Pumps Ltd

5 Caterpillar Pumps Ltd

1 Calpeda Valves Ltd

2 Calpeda Valves Ltd

1 Cteen Treatment Ltd

3 Green Treatment Ltd

4 Green Treatment Ltd

7 Green Treatment Ltd

The same table, but now sorted by classifications would thus look like this:-

Classification
Node

Company

1

Caterpillar Pumps Ltd

Calpeda Valves Ltd

Green Treatment Ltd

Calpeda Valves Ltd

Caterpillar Pumps Ltd

Green Treatment Ltd

Green Treatment Ltd

Caterpillar Pumps Ltd

N | B [ e |-

Green Treatment Ltd .




Cl assi fication Conpany Node 1
Caterpillar Punps Ltd 3 Caterpillar Punps
Ltd 5 Caterpillar Punps Ltd I f further
conpani es were then added to the system say "Cal peda Valves Ltd" to the
classification "Valves" and "G een Treatnent Ltd" to "Sewerage Punps”, then

t he following table would result:- 5 _q9. : Cl assification
Conpany Node | 1

Caterpillar Punps Ltd 3 Caterpillar Punps
Lt d Thus it is possible & quickly maintain a poapes "fribetitince® stqustute without needing to

1 find tKetodeHdte) abvRRdink Qo traverse any paths.

Cal peda Val ves Ltd 1 G een Treatnent Ltd

3 G een Treatnent Ltd 4 G een

Treat nent L{lde foregoing detailed descriptioft of the preferred impBneeheatibn it the fiﬁvéahdn has
The same (k& pRndP Yy %%ﬁn@q &M%/,C!uﬁls &' ﬁdtc%hﬁ)&s tomgglcgnglgelfédl l It(l)( etthod e

this:-

1 invention #rdsfinpdyin the ﬁﬁggnq_qp@ended hereto.

Cal peda Val ves Ltd Green Treatnment Ltd
2 Cal peda Val ves Ltd 3

Caterpillar Punps Ltd 3 G een Treat nent
Ltd 4 G een Treatnent Ltd

5 Caterpillar Punps Ltd 7

G een Treatnent Ltd



- 109- Thus it is possible to quickly maintain a proper "inheritance"
Structure without needing to find the root node, nor needing to traverse
any pat hs. The foregoing detail ed description of t-hepreferred

I npl ementation of the invention has 5 been prese nly, and
igpnot i ntended to be considered limting to thenmmm“mmmuamefi ned in
the cl ai ns appended hereto. 2920 - + € L M S *
- 20 - Cl ai ns: 1. A nmet hod for generating an acyclic

di rected graph structure, or acyclic diagraph, utilising a conputer
oper at ed regﬁ-&gnal dat abase, the acyclic diagraph conprising a plurality

5 of nodes tionally coupled to one another so that each node has. at

| east one child node in a forward coupling direction and/or at |east one
arent node_in a,reverse coupling directign, C r'i si ng: .

Sener ating & nodé meipd for BRETAING 2 Ay @tﬁwgteé BT RAPy ¥ wtliedisemnbn
node in the ::eacyeli ' S I ;.10 .
Genor at i ng. B XElpfieLb@AAN B Borab R85 e LSt RE BB ORENking & blyraliy
directly 5 oftwdpd ditkctigrially cdupled desnd mgtﬂ@&s@dmcédcb nddabalsaqm]tbeasmm cr?ilg node in
enerating a_path tahle structure indicating exi stence of a paf et ween
gny t WO ngdwewardmuﬁlws digectiqn and{nr ¢ feastipne parent pode In a gevarseAYPHAE diregtiond i n
claim1l, whgj .rﬁli& ne node table structure includes a record for each
node in the e@%/c Ic di agraph, each node table structure record including a
node I dent i f | gembrating fineliel tabledstactureemdicatinpea nelationgliip betwegn feaet nbde in the 3.

A nethod as cl ai ned iﬂ cckaiml, V\/&?{ein t he edge table structure includes a
record for %c@%gqg,gr&p arq phleashopg mRfle PAPREIYE nodes, each edge tabl e

struct urgor ecor dydnRingli M%dpE HUBIE Sir¥Rure indibitfilg®S rdRidnHGP Welweefi 3GBh Arebd}f

pai r of nodes.
coupled pair of nodes in the acyclic diagraph; and

generating a path table structure indicating existence of a path between any two nodes

in the acyclic diagraph.

15 2. A method as claimed in claim 1, wherein the node table structure includes a record
I3
for each node in the acyclic diagraph, each node table structure record including a node

identification field and at least one node property field.

3. A method as claimed in claim 1, wherein the edge table structure includes a record for
20 each directly coupled pair of nodes, each edge table structure record including respective

fields to identify each of the pair of nodes.

4, A method as clairﬁed in claim 3, wherein the order of the fields in each edge table
structure record indicates a direction of coupling of the nodes identified in the record.

25
5. A method as claimed in claim 1, wherein the path table structure includes a record for
each directly coupled pair of nodes and each indirectly coupled pair of nodes, each path table

structure record including respective fields to identify each of the pair of nodes.

30 6. A method as claimed in claim 5, wherein the data contained in the edge table structure



4. A nmethod as claimed in claim3, wherein the order of the fields in
each edge table structure record indicates a direction of coupling of
the nodes identified in the record. 25 A method as_claimed in

claim1l1, wherein the path table structure |nclude ggﬂuecord f or ““each

directly coupled pair of nodes and each indirectl "’ﬂﬂ {ly nodes,
each path table structure record i-ngl- ud| ng res a
me | n claim

identify each of the pair of nodes. 30 6. A net hod as 't &
5, wherein the data contained. in the edge table structure

-21 - cﬁﬂﬁﬂ&ds%esﬁb%etsdftthé&ita ebnthif&d Fethé paRdd Raduip, the path tabl e

structure. A nethod as claimed In claim5, wherein the order of
the fields in each path table structure record |nd| cates a direction of

I fth d d d t A met hod as
oAl med i o & ot R s etmedtn éifim 5 °wheil i arder of e it fogh paditades o
record for eaghiufeQesord ndidiesatifeiicn 6F &4 Pﬁx@of tﬂ@ﬁ@des idenfifig® id @R gce§3 ructure

record including a node identification fiel'd and at | east one no property
field; 103 t he edge table structure includes a record for each

directly coypl ed ,pai f node edge table structure record
includi%g régpec i 8&W€§?a§mF%'PﬁgﬁPﬂf9mﬁ of the pair of nodes, t he
order of the fi eﬂfé%odé‘ta%%ﬁu&ﬁ@ nchifah § rédord fdr\éhch hGeTh the &gbﬁ@%}h&qﬂg each
direction of coupling of the nodes identified in the récord;”a _
the path tapeds tshle stoucture recond|inahetinga nase ddedtification fiekd anid raeteastyone mogdé proppeay r
of nodes anﬂ 5 each indirectly coupled pair of nodes, each path table
structure record including respective fields to |dent|fy each of the

pair of nodes, an@ elifrablE dRicaRé ufcmaesfd Rbéid fdﬁ&&?&?&cﬂ?%ghﬁlgﬁéﬁ of %Pdéé féigﬁ ure

record |nd|cat|n a direction of coupling of the nodes i'd
record. edgegable strpctuyet iaeard drcludieg respective Gields m Blentifycactdofthe pain o @odes,

nsert i ng. a oot o oBye Bt sfee Pl lroRBietdinanipdipt & difeotor 8f ping
of the nodes identified in the record; and

the path table structure includes a record for each directly coupled pair of nodes and

15 each indirectly coupled pair of nodes, each path table structure record including respective

fields to identify each of the pair of nodes, and the order of the fields in each path table

structure record indicating a direction of coupling of the nodes identified in the record.

9 A method as claimed in claim 8, including a node creation procedure for creating a

20 new node in the acyclic diagraph by inserting a new record to the node table structure with

a unique value in said node identification field.

10. A method as claimed in claim 9, including a node linking procedure for linking the
new node as a child node to a parent node in the acyclic diagraph, comprising the steps of:
25 inserting a new record in the edge table structure identifying the child node and the
parent node and a coupling direction from the parent node to the child node?
inserting a new record in the path table structure identifying the child node and the
parent node and a coupling direction from the parent node to the child node;
selecting from the path table structure each ancestor node coupled to the parent node

30 and inserting a new record in the path table structure identifying the child node and each



a uni que value in said node identi fication field. 10. A net hod as
.claimed in claim?9, including a node |inking procedure far._linking the

new node as a child node to a parent node in the acyclic di agraph
conprising the steps of: 25 inserting a new reﬂm “Menﬂﬁum tabl e
structure identifying the child node andyjhe par m}upl I ng
direction fromthe parent node to the Chl|d node, - “ fns&rting a
new record in the path table structure identifying the child node and the
parent node and a coupling direction fromthe parent node to the child
node, ancestor il 6d h RBugling BideBforPRdd thePAtcBst i fddE td' iR cBfi RoddlCcest or node
coupled to the parent node 30 and inserting a new record in the path table
structure identifying the child node and each

-22 - 11anc eA tmethadosbeclsingdd dn chitp|§, ﬁ@lﬁﬂmgatﬂod@hﬁmmdmdm%ﬁhﬁmgade

to the chil ncl udi ng a
node | i nklﬁngu@gb g)urgarF%xgnoF ﬁk a@iﬁc@gﬁi@d x%%fllﬁ?%ébgls ge%!t nogeI |g t he
acyclic di agr apHnsegdng pew ﬁ@ordlt!l Gé@ table structure ldentlfmgéhemhﬂg ngdeand thecor d
in the edgepireftln@ds hid'sEsty gwﬂng dﬁé&iohxﬂdﬂgmtefpamﬁhhédé tﬂ@sbechﬂacﬁoa&e par ent

d d I d th d
P o Aotk At e e L S ek Bl B el e
node and t hgarent npde amt a coptingdtection dropl thegartint nedei tothef chilhmotie; par ent node
to the chjld nodg ef:ﬂl% from Héeﬂgﬂfﬁbi@s&&cﬁﬁbteggnn gﬁéegto} %Bhé‘ cSipids td' itle gﬁgﬁtl .

ancest or node cou nsert %g new rec
the path taMde agd rlreﬁsftmgea n%mqo;dy%@etpﬁ@ table |siructarecid srmfy

node and a &0k phdebOr dbdeciidi acsduplisgdit: d@ﬁomﬁems:heandmdem& tb llee cﬂildl nbdaodﬁ and

ool Pet 1m0, rom YgeRal Rebhe Bl bt MBSl SRASAUAEROHE whien Bl
structure irhdati$ ¢opipted and enssammnex&en@rden ﬂmada@hlemwmdmufﬁm@me@t
coupl i ng i ﬁdaetAxﬁnea‘cwaséeh@axﬁqroagtanaoﬂeoﬁmg RBrectiorf B%EF Mé2PireMOARIe to the 12.
A et hod as cl ai,med in claim8, including a node unlinking procedure for

unl i nking & deserndapt098% from a parent node in the acyclic diagraph,
conprising the steps of: 20 r enovi ng fromthe edge table structure the
record L denia [y Admidigs ot LehoRACR Wil 8 ifudBR 8 hoddOfflinking procedure, fqr

renoving fromthe e structure €ac
node: unlinking a Chlld node from a parent node in the acychc dlagraph compnsmg the steps of:

20 removing from the edge table structure the record identifying the child node and
the parent node; |
removing from the path table structure each record identifying the child node;
selecting and removing from the path table structure each record identifying an
ancestor node of the parent node and a descendant node of the child node; and
25 systematically reviewing the edge table structure beginning with records identifying
an ancestor node of the parent node to determine the existence of any other path from an
ancestor node of the parent node to a descendant node of the child node, reviewing the
path table structure to if any such path is identified by a path table structure record and
inserting a new record into the path table structure identifying that path if none exists in
30 the path table structure.

13. A method as claimed in claim 12, including a remove node procedure for removing
a node which has been unlinked from the acyclic diagraph, comprising removing from the



sel’'ecting and renoving fromthe path table structure each record
identifying an ancestor node of the parent node and a descendant node of
the child node; and 25 systematically review ng the edge table
structure beginning with records identifying ancestor ‘node -of. the
parent node to determ ne the existence of any ot E

ancestor node of the parent node to a descendant @ﬂ,{d node,
revi ewi ng the path table structurego if any such’ pdthnls tified by
a path table structure record and inserting a new record into the path
tabl e structure identifying that path if none exists in 30 the path table
struct ur e. node taBl8 structdye RS Reoskdddertifingrts unlinkddaiode.12, including a renove

node procedure for renoving a node which has been unlinked fromthe
acyclic diagraph, conprising renoving fromthe
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14. A conputer - llTg)rueds ata structure in a rel atlongf dat abaége system for

Ei epresent i la?'chmdlagramg@imm'lsmgagﬂaqahtymf nderegu@aB}' aoupled tp ane mdh?sm that
irectio e at_Least one
child no ?%%%Fg'rasv\éf geg%t g%r% ngds in.¢ f on ang‘}ugﬁg%fi u%g% a?ig’oé “ leaﬁta?’é

A hode Zﬁ?‘?ﬁf‘ﬁ‘f“ﬁ??“ﬁfﬁpm???‘gﬂ;}?@g tuben eash node. q&gt he
acyclic di agr apfnode tablgste B £3Fh nofe in, the acyclig diagraph
structure ianghthdl $nd nb&Ctoferty? thedRl tiiéifnichire inclidfgaCissdrd FoHleRH B3B8 in €ach

node table structure record incl udi ng a node identification field and 10 at
| east one rieRrsygicslingrapi ¢ack perle table structure record incligingtaanside idantifieationeicdd aad ng a
relation t pf coupl ed parent and child nodes in the
acyclic E‘paag%%%ﬁ%?‘ﬁdg@‘&g &?h%lfié structure including a record for each pair
of parent and chiledgeaahipstadtunosioring eriziondifpebetwirneas paicdficonpledareht and

i ncluding r ec |ve flel |de t|f t he r.ent . .node and_the child
node; and fgﬁ‘? J ?Q—B‘ﬂ@mgt @?8?‘?“2‘8 nifing 2 feeord i ea¢h paipat h

bet ween ambftpmnma%ﬁud :Ebubl@&f nodes, éélYSdgb %w sﬁﬁé@ﬂéfrecdrén thcRAfdy fcéﬁécﬁvéﬁélﬁ?t ure
including a record for each pair of parent and chil coupl'ed nodes and

pai rI OL and@S@QﬁﬂﬁﬁﬁdPﬁ@%@d&@ﬂdMﬁﬂ@@%@é@s Ymerel n two nodes are N
Cesbectivo 11 of darah BHEARERR Fou SRRl 3P aall Sahiled iy R Jlled i ! "3

product andicpelicsitagviphpthe bath sdbld gmicummsl;aamgm:emibfdxsdaagpar oppgrediceand Shidd ed
dat a

coupled nodes and pair of ancestor and descendant coupled nodes wherein two nodes are
coupled through an intermediate, each path table structure record including respuctive fields
to identify each of the pair of nodes.

20
15. A product and/or service classification system comprising a computer stored data
structure as defined in claim 14, wherein the at least one node property in said node table
structure represents a particular product or service associated with the corresponcing node of
the acyclic diagraph. .

25
16. A product and/or service classification system as claimed in claim 15, including a
classification table structure for storing a relationship between a supplier or customer and a
node in the acyclic diagraph, the classification table structure having at leas one record
including a node ideatification field for identifying a said node in the acyclic di:.graph and a

30 company identification field for identifying a corresponding supplier or custom &r.



structure as defined in claim 14, wherein the at | east one node property in
sai d node table structure represents a particular product or service '
*associated with the corresponci ng node of t he acyclic diagraph. 25
16. A product and/or service classification syst l ] | |“| claim
15, including a classification table struct urelmumluﬂ ““:“l l“

Tel ationship between a supplier or custoner and a * ¢node M'n the acyclic
di agraph, the classification table structure having at | eas one record

i ncluding a node identification fi el"#*ror identi fying a said node in the

acyclic diagraph and a 30 conpany identification field for identifying a
correspondjhg syppl jer of, custon ar.. .. . . . .

2a - 00 i) K grostachadorserics claisiigaien GRS med Bhelela M bl WP e
in clai m 1GassitBfionitibld fRcture iGaRS h récoad haivingt Dd0rfespdnditt dohpahy idetififiCation
record having a correspondlfqr)\‘%- conpany identification field for each
ancest or nfielé fasreachancestng @odertsny pedsddengified ip the classification table, asaerding f-tsr di ng
to the @th ructure. 18. A nmet hod of nmintaining a data
structure égﬁg%}l ne m?%’l claim 14, incl uding: a node creation
proceduré for creating a new node in the acyclic diagraph by inserting a

new record,;o the d abl e.str 1 I e _in.sai d node

i dentifi caHS"on f\ixgﬁug?foitmmn&mﬁg gﬁ%%‘g‘&% %?%‘g@%r%g@%ﬁlr“g' olrﬂdﬁnf;hki ng a
child node to aapedesidatioptocsdaret fhecreaing hinew hodedinalys suyblic diagmaph i gsetting
steps of: ' inserting, a new record in thegq%ggtable
structure R&aWESR Qdhe pde table trucigrsavith a unique value in said nodg cgiondialdsnode

and a coupling QixfoﬁEtlibﬂiﬂlgf QAR SoPRAARE a8 nbfe 118 paftnl Hode in the acyclic

node; . o serting a newrecord in the path table structure
i dent i f yliOndiagtaphe torhprisingotbe ateps afs t he parent node and a

i di [ f . A ' e o .
node; 0 O "EeTon T3S ol BORE dif LR it ieprtying, e il poce

ancest or node coupl egnd th¢ pirert hedepmd @rbupling direction from the pareno dedesodhé clsikY t i ng
a newrecord in the gaé%h'I table structure identifying the child
node and each ancest 8?%node and a coupling direction fromthe ancestor node

20 t Oirsbifing D hdvil redSXd S 8 PEkh table structure identifying theTRil8 Gblidand r oM
the path table structure each descendant node to which the child

node is Boupl ed and #heskarentripds apd ¢ coeplingflifeatiom Erom-the parght podstto the ghitd
identifying the child,gpode and each descendant node and a coupling
direction ’

selecting from the path table structure each ancestor node coupled t- the parent

node and inserting a new record in the path table structure identifying the child
node and each ancestor node and apoupling direction from the anestor node
20 to the child _nodc'; and
selecting from the path table structure each descendant node to which the child
node is coupled and inserting a new record in the path table structure
identifying the child node and each descendant node and a couplizy direction
from the child node to the descendant node;
25 a node unlinking procedure for unlinking a child node from a parent aode in the
acyclic diagraph, comprising the steps of: -
removing from the edge table structure the record identifying the child node
and the parent node;
removing from the path table structure each record identifying the child node;

30 o selecting and removing from thé path table structure each record identifying
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from'the child node to the descendant node; 25 a node unlinking
procedure for unlinking a child node froma parent code-i-n-the-----acyclic

* di agraph, conprising the steps of: | m t he
edge table structure the record identifying the CM!J”JMMH&I ﬂm
and the parent node; removi ng fk |l e
30 '

structure each record identifying the child node;
sel ecting and removing fromthe path tiahle structure each record

i denti fying -25 -

an ancestor node of the parent node and a descendant node of the child
node; afi¥kor node of ﬂhe parent fiode s fSBhli%R nbdle Bieﬁ’lg ehhd Po&é?e
edge table structure aBeg| nning wth records. ldentitylrng an

ancestor node of the gadrent node to determi ne any path froman 5

ancestor node of the rent node .to.a gdescen t pnode of the chil].d nodg,
reviewi ng the path t %@H@Qﬁﬂﬁ&rﬁﬂgwﬂg &"F %ﬁ?%ﬂ%ﬁ%&?%ﬁ%ﬂ% ée,corc%y ‘a
pat h ideritifyphgCanSinbastir ibde dfeliiatend Ao 10 MRIehniiG Ay Pew fr&aahd

into the path table structure | dentifying that path if
none exisPs in the paAfReXHHRUeAl e pareat noso a descendant gpde fhe hiddjgode,
procedure for T emovi ng.ieggetilirabRAEAE— U0k keI pki.2idelitrd Qg pll ©
di agraph, conprising renmoving fromthe node tablé structure the reco

i denti fying t he untable kieertgredecord and ingayting a pewnegchushiing thenpati tabaisiyctare
product and/or servic I 1 I | | } y one of
clainms 15 to 17, inclﬁﬁﬂ]@ﬁ‘zfgtﬁgﬁltpﬂ%&ync? %%?%e |ong§(rjsggékgﬁer’eaﬁ€or creating
a new node in the ramyed hadedpragiagghfob yemowdsy & inode whichehap deerr emlnkeld foonh e '
node table structyure with a. unique value in said node identificatjon_field
and & pr oLy dasrphe SomRTiNAE FROLE JfPe e safeiahls foigiuen e pipord uegttying

a node | i nKigpoudknR&eLAdlee for linking a child node to a parent node in the
acyclic di agraph, conprising the steps of: 20 i nserting
a new record in the edge table structure identifying the child node

and the par gt N9l ARtlofinginli W P A NHARARRCARE IR SRt BE

child ; gnewrecord I n
t he pat h t alang ost oficlhinsel 5itddff incinding: t he chil d node and

the par enf node and 2. coupl 00,0l FSELL80 JLOT0G RELSMc MRy Sty ' @

a new record to the node table structure with a unique value in said node identification field

and a product or service identification in said node property field;
a node linking procedure for linking a child node to a parent node in the acyclic
diagraph, comprising the steps of: . '

20 inserting a new record in the edge table structure identifying the child node
and the parent node and a coupling direction from the parent node tol the child
node;
inserting a new recoid in the path table structure identifying the chiil node and
the parent node and a coupling direction from the parent node to the child

25 pode;
selecting from the path table structure each ancestor node coupled i the parent
node and inserting a new record in the path table structure identifying the child
node and each ancestor node and a coupling direction from the ancestor node
to the child node; and

30 selecting from the path table structure each descendant node to which the child



selecting fromthe.path table structure each ancestor node coupled to the
par ent’ node and |nsert|ng a new record in_the.path table
* structure identifying the child ~ “node and each ancest or

Chech i noaer ng “ap”t o fromthe ageeston oMM .

structure each descendant node to which the child *

node is coupled and inserting a new r rd in the path table structure
identifying the child node and each dé€Scendant node and a coupling

di rection fromthe child node to the descendant node;

a node unlinking procedur n aC f ein
the 5 acyclic diagrap c’(illgc‘(%rr‘rt)ar lgla%tﬁgé}g?% Hé‘# T2 tn tﬁgrﬁa& %Eeegzrr%% ng
fromthe edge tabl e sidéi€ying theichidd nedzcind eactedescdndant goddandchedupling direction

and the parent node; . renmovj ng fromthe path table
structure each recordf‘?‘ﬂé#‘ﬁ?%‘}?aepngeéﬁwaﬂg%é
sel ecting and remwaqulm&g pRReduRd fbrtlﬁiﬂhﬁin§taré!ﬁlﬁlifo@cqaﬁﬁ' al @&t 9 ode in the

i denti fying an ancestor node of- the parent node and a
descendants ra@micdfagr@é: egmprisingghe steps of: and

systematically revi ew, i

i dentifying an ancestoe;&g) &ﬁ ée&ﬁp)g%éez%&dé&ge to det gékﬁﬁﬁ’éﬂgaﬁg pa?ﬁ&?e?om
an aamletshtparenndﬂepf the parent node to a descendant node

f th hil d d 15
|Of ;ng gul:h pg'?hel s Iﬁeéq&vgxglf@?%pgh@qﬁucm% &af E%gtﬁde&l}ylgﬁig il

record and inserting ael&ﬁﬂgﬁﬁ&ﬁd’xﬁbvhdgt@omh&w&hl@@hﬁuﬁé&ﬁtrw&d(denu ing
identifying that path if none exists in the path table structure; .an

a remove Hbde procedu%aﬂcé?wfr@%(?f%Pafeﬁb%%‘e\ﬁﬁﬁiéﬁ%%daﬁbwemﬂ%k@m rdsim

t he acyclic diagrgph, conprising renoving fromthe node table structure
the record identifying 20 the unlinked node. 20. A et hod of

mai nt ai ni ng a product sestenasicaliye revievdng thes sige thiei stucoyre theginaingcivah redorids

claim19, including a. ny | ficak] [ for. rati a
f:orrp?ny cl i’issi fi cé@ﬁgﬁfgéghfg@?lﬁ?gg H?Qﬁ%&:%%g%ujet;f%fggﬁ@i&gp@?m
east one supplier or aatesiodidle 0O Mzapured IDAE it b afdsoshddnt efiglie AedEe
in the aC)(cIlc di agrap stematicglly reviewng the path table

structure!?o deterni née‘eawwgéheagtha?ﬁ%sa@%to i any such path is identified by a path
table structure record and inserting a new record into the path table structure

identifying that path if none exists in the path table structure; anc
a remove node procedure for removing a node which has been unlinked from the
acyclic diagraph, comprising removing from the node table structure the record identifying
20 the unfinked node.

20. A method of maintaining a product and/or service classification system as claimed in
claim 19, including a company classification procedure for generating a company
classification table structure by:
25 specifying at least one supplier or customer company associated with at le: st one node
in the acyclic diagraph; . .
systematically reviewing the path table structure to determine each ancestor node to
said at least one node associated with the specified company; and
generating a company classification table structure having a record idenvifying each
30 determined ancestor node and the at least one specified company associated therewith.



said at |east one node associated with the specified conmpany; and
generating a conpany classification table structure having a record
i dentifying-each 30 determnined ancestor node and the at |east one

82$CI " eczilcorrpin?/re?ﬁggcioﬁt rergl tnPglr ﬁ:Nintgha pr oduct and/ o“lllwmllu"" "III " l"'

classification systemas clained in ¢chpaim 20, wherein t'he® co
classification table includes a stored correspondence between the at | east
one specified conpany and the products and/or services corresponding to

each det er g ned A30G654 S milRdRink aQFoARE nd/GeeRrice d14kSHdhkon system as claimed in
claim 20, wherein the company classification table includes a stored correspondence between
the at least one specified company and the products and/or services corresponding to each

determined ancestor node from node table structure.



