
Finding Linking Opportunities through
Relationship-based Analysis

Joonhee Yoo

Rutgers University
E-mail: joonyoo@pegasus.rutgers.edu

Michael Bieber

New Jersey Institute of Technology
E-mail: bieber@njit.edu;

http://www-ec.njit.edu/~bieber

ABSTRACT
Many techniques exist for analyzing information domains
in preparation for systems design.  No systematic technique
exists, however, for analyzing a system or domain in terms
of its relationships.  This is especially important for
hypermedia and World Wide Web applications, which
(should) provide a high degree of linking and navigational
support. RNA (Relationship Navigation Analysis) provides
a systematic way of identifying useful relationships in
application domains.  Developers can then implement each
relationship as a link.  Viewing an application domain from
the relationship management point of view and modeling
from a philosophy of maximum access provides a unique
vantage point for application design. We present RNA and
its generic relationship taxonomy, focusing upon their use
for system analysis.  We provide a long example in the
domain of an on-line bookstore.

K EYW OR D S:  rela tions hip a na lys is , hyperme dia  a nalys is,
hype rme dia  des ign, re lationship ma na geme nt, re lationship
a ttribute s , World W ide  W e b applica tions , book s tore 

MOTIVATION
Many techniques exist for analyzing information domains
in preparation for systems design. How does a systems
developer determine what to link?  No systematic technique
exists for analyzing a system or domain in terms of its
relationships.  This is especially important for hypermedia
and World Wide Web applications. When reengineering a
legacy system for the World Wide Web or developing a
new Web application, A vital aspect of hypermedia system
design is identifying relationships and implementing them
as links [6]. Yet, many relationships in
applications—including analytic applications—are poorly
identified or ignored in current hypermedia design

methodologies [10, 12, 14, 25].  Furthermore, many Web
applications do not take advantage of the major hypermedia
features of the Web—linking, structural and navigational
features. Few designers explicitly think about their
applications' interrelationships and whether users should
access and navigate them directly.

RNA (Relationship Navigation Analysis) was developed to
solve these problems.  RNA provides systems analysts with
a systematic technique for determining the relationship
structure of an application, helping them to discover all
potentially useful relationships in application domains.
These later may be implemented as links.  RNA also helps
determine appropriate navigational structures on top of
these links. RNA enhances system developers'
understanding of application domains by broadening and
deepening their conceptual model of the domain.
Developers can then enhance their implementations by
including additional links, metainformation and navigation.

In next section we introduce the philosophy of maximum
access and the hypermedia philosophy of design.  The
following section gives an overview of RNA's steps.  The
rest of the paper focuses on the third step: relationship
analysis.  First, we introduce RNA's generic relationship
taxonomy.  Second, we describe a deeper layer of the
taxonomy: the domain independent categories.  Third, we
present an example case study. Fourth, we present some
future directions.  Finally, we close with a review of the
contributions of this research.

2. HYPERMEDIA AND DESIGN
Hypermedia can be thought of as the discipline of
relationship management [10]. This view of relationship
management follows two philosophies: the "philosophy of
maximum access" and a hypermedia philosophy of design.
The philosophy of maximum access grants users full
freedom to access and explore at will, helping them better
understand a domain as a whole and build confidence in
application results.  Under this philosophy, any element of
interest to a user should be a candidate for linking.  Under
the hypermedia philosophy of design, hypermedia analysis
should play a part in the design of every application with
user interaction.  Also, hypermedia access should
supplement many application's feature sets [1].



RNA provides a systematic approach to realizing a
philosophy of maximum access within computer
applications, supporting a hypermedia philosophy of
design. RNA has the potential to establish new standards
for designers in the application development process and
for users' interaction with applications. Designers should do
a relationship analysis in order to understand the
relationship structure of their applications.  Users should be
able to point to any object of interest and find out whatever
they want about it [1].

RNA employs hypermedia as an information modeling tool
not just a view of an underlying information model. This
employment of hypermedia as an information modeling
tool is “ a hypermedia philosophy of design”. RNA enables
users to access any item of interest by providing linking
opportunities for it through generic relationships. This
capability to access any item of interest is the essence of “a
philosophy of maximum access”. This philosophy does not
advocate the idea of as many links as possible in the
applications, but it promotes the benefit of the potentially
applicable, meaningful links based on generic relationships
without omitting the important ones in the applications.

OVERVIEW OF RNA STEPS
A Relationship-Navigation Analysis can be conducted both
for describing a system or domain (steps a - d) or for
analyzing a system being designed (steps a - e). All steps
can be performed in an incremental and iterative fashion.
When tasks or system’s responsibilities are considered in
each step, the scope of analysis can be curtailed reducing
the complexity of the analysis.

A  Re la tions hip-N a viga tion A na lys is  c ompris es  the
follow ing s teps :

a . Sta keholder A nalys is
b. Ele ment A na lys is 
c . R e la tions hip A na lys is 
d. N a viga tion A na lys is 
e . Impleme ntation Fe a s ibility A nalys is

Stakeholder Analysis
Stake holde rs —a nyone  us ing s ome  a spe c t of the 
a pplic a tion—are  ide ntifie d us ing a n initia l lis t of sta ndard
us er type s .  A n initia l lis t c ould include  s oftwa re  de s igne rs ,
s yste ms  a na lys ts , te c hnic a l a uthors , us e r re pre se nta tive s ,
training a nd us e r s upport s ta ff, bus ine s s /ma rke t a na lys ts , a nd
proje c t ma na ge rs  [15]. A dditiona l s ta ke holde rs  are  ide ntifie d
through the  ite ra tive  proc e ss  of goa l, ta s k, a nd domain
a na lys is  [23].  A ls o, s take holde rs  c a n be  identifie d through
the s c e na rios in the  proc e s s of de ve loping the  re quire me nts 
for the  s ys tems  being de ve lope d.

Transition From Stakeholder Analysis to Element
Analysis
Stakeholders have different needs according to their goals,
tasks, and environments. Stakeholders’ task needs reveal
what kinds of elements they might be interested in. We can

identify stakeholders’ needs by performing task analyses.
Also, stakeholders’ characteristics show their potential
elements of interest. One way of identifying stakeholders’
characteristics is to focus on the differences that might
appear to exist among different stakeholders.

Element Analysis
This  s tep identifie s  w ha t e ac h s ta ke holde r might w a nt to
find out more a bout.  The re  w ould be  diffe re nt ele me nts  of
inte re s t for e a c h c la s s of sta ke holde rs . The  s take holde rs 
thems e lve s  ide ntifie d in the pre vious  s te p c a n be  e leme nts,
too.  For ne w s ys te ms , s ta keholders ’ inte res ts  could be 
identifie d using me c ha nis ms  s uc h a s  s c ena rios  [9].  For
e xis ting s ys te ms , s ta keholders ’ inte res ts  could be  ide ntifie d
from the s ys te m's  dis pla y s cre e ns. Pote ntial e leme nts
include :

- doma in obje c ts  for w hich a  de finition, a ttribute va lue  or
othe r meta informa tion could be  a va ila ble , inc luding
e vents , produc ts , e xe c uta ble progra ms , a ge nts ,
c omma nds, a nd pa rame te rs  [11];

- c ompone nts  (mode l, da ta, c omme nts, a nd de s criptions );

- a ggre ga te s  of individual c ompone nts  (short uns truc ture d
lists , line a r s truc tures , a rra y or ta ble s , hie rarc hies , tre e s ,
pa ths , tours , w e bs, ne tw orks, a nd na viga tiona l aids 
(inde xe s, ma ps , table  of c onte nts, fishe ye  vie w s)); [8,
22]

- prope rtie s  of e ntitie s  s uc h a s  a ttribute s , c ompone nt formats 
a nd s truc tures , a nd ne tw ork topology;

- s patia l a rra nge me nts  of ic ons  in s pa tia l hype rmedia  mode l
(indic a ting an implic it re lationship among the m); [20]

- rhetorica l c ompos ite s  (s pe c ific  cons tella tions  of node s  a nd
links  tha t form logic a l units  for ma nipula tion and
na viga tion); [21]

- re sults  of a ny opera tion (a n e xpla na tion, ca lc ula tion, a nd
e rror mes s a ges ).

Transition from Element Analysis to Relationship
Analysis
Elements identified in the Element Analysis step do not
exist in isolation. They are related with each other in some
fashion. We perform relationship analysis by considering
each element as a source element and applying
relationships to this source element. This leads to
identifying destination elements. One element can have
multiple relationships with multiple destination elements.
In some cases, one element can have multiple relationships
with a single destination element.

Relationship Analysis
This  s tep identifie s  rela tions hips  for e a c h e le me nt of
inte re s t.  In this s te p, e a ch ge ne ric  re la tions hip prompts a 
s e rie s  of ques tions  w hic h des igners  c an a s k the ms e lves 
a bout e ac h e le me nt of inte res t for e a ch c las s  of s ta ke holde rs .
Ta ble  1 in the  G e ne ric  R e la tions hips  se c tion s how s  R NA 's 
ge ne ric  re la tions hips . Ta ble  2 in the C onduc ting a 
R e la tions hip A nalys is  se c tion lists  s ample  ques tions  for ea c h
ge ne ric  re la tions hip.



R e la tions hip a na lys is  ca n be done a t the  thre e  le ve ls of
de ta il. A t the  topmos t ge ne ra l leve l, a na lys ts  us e  the  broa d
ge ne ric  re la tions hip c ate gorie s  to e xamine  e a c h ite m of
inte re s t. G e ne ric  re la tions hips  are  des c ribe d using
theore tic a l la be ls tha t c a pture  the  bre a dth of ea c h ge ne ric 
c a te gory. The ge neric  ta xonomy inc ludes  s e ve ra l s ub-le ve ls,
a s  s how n in Ta ble  1.  While  a na lys ts  ca n w ork a t a ny of
thes e  gene ric s ub-le ve ls , w e be lie ve  the  bottom le a ves  w ill
prove  the  most us eful.

W hen a nalys ts w a nt to exa mine  pa rt of the ir domain more 
de eply for a  pa rtic ula r ge neric  re la tions hip type , the y c an
then us e a  more  deta iled s e t of ca te gorie s  a t the  doma in-
inde pe nde nt le ve l.  D oma in-inde pende nt c a tegories  us e
more  c onc re te, s pec ific te rms .  The  D oma in Inde pe nde nt
C a te gorie s  s ec tion gives  a n e xa mple .

W hen a nalys ts a pply a  doma in-s pe cific  s e t of te rms  tha t
ma ps  to one  of the domain-inde pe nde nt c a te gorie s, they then
a re ope ra ting a t the  third le ve l of rela tions hip a na lys is . D ue 
to s pa c e limita tions , we  do not dis c uss  doma in-de pe nde nt
c a te gorie s  furthe r.

Navigation Analysis
This  s tep identifie s  pos s ible  na viga tiona l s tructure s for e a c h
s take holde r.  In this  ste p ana lysts  think of e a ch e leme nt of
inte re s t in te rms  of how  the s ta ke holde r might us e fully
a c ce s s  it.

R N A’s  gene ric re lationships  provide  a  guide for de c iding
w hat e lse  w ould be on a s pe cific  na viga tiona l s truc ture  if
this  e leme nt w e re  in tha t s truc ture , i.e ., the y provide  a  s ource 
of na viga tion in ea c h na vigational c onte xt, no ma tte r w ha t
na viga tiona l s tructure s w ould be  us e d. For e xa mple , in a 
guide d tour or a n inde x, me mbe rs hip a nd orde ring
re la tions hips c a n ide ntify ele me nts  tha t w ould be  on tha t
na viga tiona l s tructure . Simila r re la tions hip is  us e ful for
query naviga tion while  orde ring re la tions hip is  us e ful for
history na viga tion no ma tte r w ha t na viga tiona l struc ture 
w ould be us e d to imple me nt tha t na vigation.

Implementation Feasibility Analysis
In this  s te p, a na lys ts  a nd de s igne rs  do a n informa l
c ost/be ne fit a na lys is  to de cide  whic h re la tions hips  would be 
us eful and fea s ible  e nough to include  in the  a pplic a tion.
A nalys ts s hould fee l c ognitive ly unbounde d during the first
four s tage s  of the a na lys is , putting off pra c tica l c ons traints 
to this  la s t s ta ge.

Ta sk c ons ide ra tions  c a n a lw ays  limit the  s cope  of the first
four s teps  of the  a na lys is .  For e xa mple , de signe rs  c ould
de cide  to imple me nt only thos e  re la tions hips w hich s e rve  a 
re cognize d s ta ke holde r or tas k (if de eme d cos t effe c tive ).

For the  re ma inde r of this  pape r, w e  c onc e ntra te  on s te p (c),
the re lationship ana lysis .

GENERIC RELATIONSHIPS
Ta ble  1 pre s ents  our gene ric re lationship ta xonomy.

R e la tions hips c a n be  ca te goriz e d broadly as  hiera rc hic a l vs .

non-hie ra rc hic a l [19].  W e  cons ide r hie ra rchic a l a s  inte rna l
a nd non-hie rarc hica l a s e xterna l.  Inte rna l re lationships 
focus  upon a n objec t its e lf a nd its  c ha ra c te ris tic s  or
de sc riptions , a nd a mong diffe re nt vie ws , occ urrenc e s  or
trans forma tions  of one  obje ct.

Generalization/Specialization

Self
Characteristic
Descriptive
Occurrence

Whole-part
/Composition

Configuration
/Aggregation

Membership
/Grouping

Internal

Classification/Instantiation
Comparison Equivalence

Similar
/Dissimilar

Generic
Relation
-ship

External

Association
/Dependency

Ordering
Activity
Influence
Intentional
Socio-
organizational

Temporal
Spatial

T able 1. R N A ' s Gen eric relat io n sh ip s

Inte rna l re lationships  c a n be  broke n dow n into se lf,
ge ne ra liz a tion/s pec ia liz a tion, w hole -pa rt/composition, a nd
c las s ific a tion/insta ntia tion re lationships . This
ge ne ra liz a tion/s pec ia liz a tion, w hole -part, cla s s ific a tion/
insta ntia tion a nd a s s ocia tion re la tions hip c la s sific ation
a gre e s  with the  rela tions hip c la ss ifica tion in obje c t-oriente d
a nalys is [16]. Exte rna l re lationships  c a n be  broke n dow n
into a s soc ia tion/de pe nde nc y a nd compa ris on re la tions hips .

R N A's  gene ric re lationship ta xonomy c onta ins  the follow ing
re la tions hips:

G e ne r aliz ation r e lations hip – conne cts  a n ite m of inte res t to
the ite ms  w hos e  c onc e pts  include  its  conc e pt in a 
ta xonomy.

C har ac ter is tic  r e lations hip – c onnec ts  an item of inte re s t to
its a ttributes , para me te rs , me ta da ta  and othe r
ba ckground information.

D e sc r iptiv e  re lations hip – c onnec ts  an item of inte re s t to
de finitions , illustra tions , e xplana tions , and othe r
de sc riptive  informa tion.

O c cur r e nc e  r elations hip – c onnec ts  multiple 
insta nc es /view s /use s /tra ns forma tions  of the s a me objec t
in differe nt pa rts of a s ys te m.

C onfiguration/Aggre gation r elations hip – c onnec ts  a pa rt to
othe r parts  or a  whole  func tiona lly or s truc turally.

Me mbe r s hip/G rouping r e lations hip – c onnec ts  a me mbe r of
a  colle ction to othe r me mbe rs  or a  w hole  c olle c tion.

C las s ific ation r e lations hip – conne cts  a n ite m of inte res t to
its ins ta nc e  or c la s s .



Equiv alenc e  re lations hip – c onnec ts  ins ta nc e s  of the e xa ct
s a me  obje c t to a  give n ite m (i.e ., s a me  c opie s  of a  book
or e xa c t ma tch in informa tion re trie val).

Similar /D is s im ilar r e lationship – c onnec ts  all ite ms  tha t
s hare  s ome  pos itive  or ne ga tive  de gre e of similarity.

O r de r ing r e lationship – puts  ite ms in some  kind of
s e que nc e.

Ac tiv ity r e lationship – de a ls w ith re lationships  tha t e xis t
a mong e le me nts  that a re involve d in s ome  kind of
a c tivity (e .g., a mong a n input, tools , and a n output).

Influe nce  r e lations hip – conne cts  a n ite m of inte res t to the 
item over w hic h it ha s  s ome  kind of influe nc e  (i.e .,
c a us a l or c ontrol re la tions hip)

Inte ntional re lations hip – c onne c ts  a n ite m of inte re st to the 
goals , arguments , is s ues , dec is ions , opinions , and
c omme nts a s s oc ia ted w ith the ite m.

Socio-organizational r elations hip – c onne c ts a n ite m of
inte re s t to the  pos ition, a uthority, allia nc e , role , a nd
c ommunica tion a s s oc ia ted w ith the ite m in a s oc ia l
s e tting or orga niza tiona l s truc ture .

Te mpor al r e lationship – conne cts  a n ite m of inte res t to
te mpora lly rela te d ite ms .

Spatial r e lations hip – conne cts  a n ite m of inte res t to re late d
items  in s pa tia l dime nsions .

CONDUCTING A RELATIONSHIP ANALYSIS
For e a c h ite m of inte res t ide ntifie d in the e le me nt ana lysis 
s tage  of R N A  s teps, a n a na lys t e mploys re lationship ana lysis 
a s  a  know le dge  e lic ita tion or brains torming tool, us ing it a s 
a  fra me work or s e t of ca te gorie s  w ith w hic h to exa mine  the
a pplic a tion and its  informa tion environme nt.

Ta ble  2 give s a  s erie s  of pos s ible  ques tions  w hic h a n a na lys t
c ould a sk hims e lf or hers e lf a bout e a ch e leme nt of inte re st.
W e  de rive d e ac h s et of que s tions  from the  doma in
inde pe nde nt ca te gorie s  de s c ribe d in D oma in Inde pe nde nt
C a te gorie s  s ec tion.

Generalization/
Specialization

Is there a broader term for this item of
interest? Is there a narrower term for this
item of interest?

Characteristic What attributes and parameters does this
item of interest have?

Descriptive Does an item of interest have a description,
definition, explanation, or a set of
instructions or illustrations available
within or external to the system?

Occurrence Where else does this item of interest
appear in the application domain?  What
are all uses of this item of interest?

Configuration/
Aggregation

Which components consist of this item?
What materials are used to make this item?
What is it a part of?  What phases are in
this whole activity?

Membership/
Grouping

Is this item a segment of the whole item?
Is this item a member of a collection? Are
these items dependent on each other in a

group?
Classification/
Instantiation

Is this item of interest an example of a
certain class?  If a class, which instances
exist for this element's class?

Equivalence What is this item of interest equal or
equivalent to in this domain?

Similar/
Dissimilar

Which other items are similar to this item
of interest?  Which others are opposite to
it?  What serves the same purposes as this
item of interest?

Ordering What prerequisites or preconditions exist
for this item? What logically follows this
item for a given user’s purpose?

Activity What are this item’s inputs and outputs?
What resources and mechanisms are
required to execute this item?

Influence What items (e.g., people) cause this item to
be created, changed, or deleted? What
items have control over this item?

Intentional Which goals, issues, arguments involve
this item of interest? What are the
positions and statements on it? What are
the comments and opinions on this item?
What is the rationale for this decision?

Socio-
organizational

What kinds of alliances are formed
associated with this item of interest? Who
is committed to it in the organizational
structure?  Who communicates with it or
about it, under what authority and in which
role?

Temporal Does this item of interest occur before
other items? Does this item occur while
other items occur?

Spatial Which items is this item of interest close
to?  Is this item of interest nearer to
destination than other items?  Does this
item overlap with other items?

T able 2. Sample q uest ion s f or syst ems an alysis fo r
R N A' s g en eric relat io n sh ip s

Guidelines for conducting a Relationship Analysis
W hen c onduc ting a  s ys tema tic, de ta ile d re lationship
a nalys is, it is  des ira ble  to us e  the  above  s a mple  ques tions 
a c cording to the  following orde r. The se  guide line s  a re ba s ed
on the  re la tions hips  a mong RN A ’s  ge ne ric  rela tions hips .

1. Sta rt w ith c ha ra c te ris tic re lationships .
2. U s e  the s e  c ha rac te ris tic s ide ntified in s te p 1 a s  the 

c rite ria for pa rtitioning a  s upe r type into s ubtype s  for
ge ne ra ting gene ra liz a tion/s pe c ia liz a tion
re la tions hips be twe e n a s uper type  a nd s ubtype s .

3. Ide ntify cla s s ific a tion/ins ta ntia tion rela tions hips  by
c rea ting ins ta nc e s of type s  in the  ge ne ra liz a tion/
s pec ia liz a tion re la tions hip hie rarc hy.

4. Ide ntify configura tion/a ggre gation re la tions hips .
5. Ide ntify me mbe rs hip/grouping re la tions hips .
6. Ide ntify similar/diss imila r rela tions hips .
7. Ide ntify equivale nc e re lationships 
8. Ide ntify te mpora l rela tions hips .



9. Ide ntify spa tial re la tions hips. Te mpora l re lationship
a nd s pa tia l re la tions hip s hare  topologic a l
dime ns ions .

10. Ide ntify de s c riptive  re la tions hips.
11. Ide ntify inte ntional re la tions hips. D e sc riptive 

re la tions hips tha t involve  inte nts  of a ge nts  c a n
be come  inte ntiona l re lationships .

12. Ide ntify a c tivity re la tions hips . Pa ra mete rs  ide ntifie d
in s te p 1 c a n be  inputs to ac tivity rela tions hips .

13. Ide ntify influe nc e  re la tions hips . C ontrol
me cha nisms  ide ntifie d in the pre vious  s te p c a n
c onne c t a c tivity re la tions hips  to influe nc e
re la tions hips.

14. Ide ntify s ocio-orga niza tiona l rela tions hips . A ctors 
identifie d in s te p 12 ca n c onne c t a c tivity
re la tions hips to s ocio-orga niza tiona l rela tions hips .
A gents  ide ntifie d in s te p 11 c a n ha ve  s ocio-
orga niz ational re la tions hips, too.

15. Ide ntify oc c urre nc e re lationships . R oles  identifie d in
the pre vious  s te p c a n conne ct s ocio-orga niza tiona l
re la tions hips to oc c urre nc e  re la tions hips .

16. Ide ntify orde ring re la tions hips .
17. Finally, multiple  ins ta nc e s  of e a ch re la tions hip c a n

be  a lw a ys  a  me mbe rs hip/grouping re la tions hip.

As shown above, it is desirable to start with characteristic
relationships because they provide clues for other
relationships. Also, we recommend identifying ordering
relationships after having identified the other relationships,
because most of the other relationships have ordering
aspects as a part of their characteristics. Once the other
relationships are identified, it is relatively easy to identify
ordering relationships.

Clustering Relationship Analysis Results
Relationship analysis results can be grouped into clusters
according to various criteria. These clusters represent a
more abstract view of relationship analysis results by
grouping the results into manageable clusters. Clustering
reduces the complexities of the relationship analysis results.
Clustering may prove a major approach for scaling an
RNA—one of our future research objectives.

1. Stakeholders – Relationship analysis results that
belong to the same stakeholder can be grouped as a
single cluster making stakeholders the topmost element
in a whole clustering hierarchy. This is useful when
stakeholders are the most salient and important criteria
for access mechanisms or entry points to the systems.

2. Important elements – Any important element can
become the topmost element in a cluster hierarchy if
that element is essential for the problem domain
understanding and is within the responsibility of the
system being designed.

3. Whole-part relationship – We can use the topmost
element of each whole-part hierarchy in the
relationship analysis results as the root for a cluster that

covers each whole-part hierarchy. This whole-part
relationship is very helpful for a project that requires
the modeling of few but very complex concepts. Some
form of stepwise decomposition is appropriate for this
situation.

4. Generalization/specialization relationships – The
topmost element of each generalization/specialization
hierarchy in the relationship analysis results can
become the root for a cluster that covers each
generalization/specialization hierarchy. This
generalization/specialization is useful for a task that
involves many simple but similar concepts.

5. Other generic relationships – Generic relationships can
become the criteria for clustering the relationship
analysis results. For example, we can use occurrence
relationships as the criteria for partitioning the
relationship analysis results by clustering the results
according to specific instances of the same element.
This occurrence relationship is useful for a project that
involves heavy use of multiple descriptions of the same
element, such as multiple versions of the same design
or multiple perspectives of the same situation.

The a bove  c rite ria c a n be  c ombined to ha ve  a ppropria te 
pa rtitions  of the re lationship ana lysis  res ults. B ut, ta sks  to be 
pe rformed s hould be  overriding c rite ria  for c hoos ing
c lus te ring (and s ca ling) me thods .

Use of Relationship Analysis for Dynamic and
Functional Modeling
State s  of a n e le ment c an be  c ons ide re d a s  ele me nts . Whe n
oc curre nc e  or influe nc e re lationships  a re a pplie d to the
s tate s  of the e le me nt, s ta te tra ns ition of the  ele me nt c a n be 
figure d out. This  re s ult c a n form the  ba s is for the  ele me nt's 
s tate  tra ns ition dia gram for dynamic  mode ling.

A c tivitie s  a ss oc iate d with an e leme nt c a n be  ide ntifie d w ith
the a c tivity re la tions hip. Da ta  flow  ca n be figure d out w ith
inputs , outputs , sourc e, de stina tion, c ontrol, me cha nism,
re sourc es  a nd ins trume nts  tha t a re  identifie d in this
re la tions hip. This re s ult c an form the ba s is  for the  da ta  flow 
diagra m a s s ocia te d w ith the  a c tivitie s involving the  e le ment
for functional mode ling.

Relationship Attributes
R e la tions hip a ttribute s indic a te  the  common prope rties  that
c ould be a pplie d to a ll ge neric  re la tions hips . We  ha ve  found
the follow ing re lationship attribute s  us e ful:

Struc tural r elations hip – a ny re la tions hip that c onne c ts
re la te d obje cts  bas e d on the a pplic a tion’s  inte rna l
s truc ture .

Im ple m e nte d/Ope r ation re lations hip – a ny re la tions hip
re pre s e nting me nu options , comma nd line  opera tions ,
a nd other e xec uta ble  c omma nds .

Sc he m a re lations hip – a ny re la tions hip that e xplic itly e xis ts 
in a  s yste m's de s ign doc ume nts .

Statis tic al re lations hip – a ny re la tions hip giving ac c e s s to



a ny ite m oc c urring under s imila r c onditions or
othe rw ise  s tatis tic a lly re late d to a n ite m of inte re st.

Pr oc e s s  r e lations hip – a ny re la tions hip re pre s e nting
proc e s s es  a nd ta s ks , next s te p in a  w ork flow , a nd
s ubta s ks in a proje c t ma na geme nt s ys tem.

C oor dinate d re lations hip – any rela tions hip in whic h one 
e leme nt oc c urs  a utoma tic a lly w he n other e leme nts
oc cur. [5]

C oupling r e lationship – joins  tw o ite ms  if a  modific a tion to
one of the s e  ite ms c ould re quire  tha t the  othe r ite m
s hould be  c hec ke d for corre ctne s s to pre s e rve  the 
c ons is tenc y of the c once ptual mode l. [4]

J ust a s  a na lys ts  and fac ilita tors c a n us e  the  que s tions 
prompte d by the  gene ric re lationships  in Table  2, they a lso
c a n us e  que s tions  ba s e d on re la tions hip a ttribute s  a s a 
brains torming tool to solic it a dditiona l rela tions hips  a mong
doma in ele me nts .  Sa mple  ques tions  for e a c h c a n be  found
in [26].

Other relationship taxonomies
In de ve loping our ge ne ric  rela tions hip ta xonomy, w e 
e xamine d a s  ma ny othe r taxonomie s  as  w e  c ould.  Eac h of
their rela tions hips  fits  s ome w he re  in our ge ne ric  ta xonomy.
B e ca us e  ma ny of the  othe r taxonomie s  are  doma in-s pe c ific 
a nd quite  de ta ile d, by ne c e ss ity the  corre sponding
re la tions hips in our gene ric ta xonomy ofte n a re  muc h
broa de r c a te gorie s.

The comprehensiveness and usefulness of RNA’s
generic relationships
RNA’s generic relationship taxonomy is comprehensive
enough to cover all the aspects of system development. It
covers static, dynamic, intentional and social ontology for
system development. Also, it covers static, dynamic, and
functional modeling aspects. In addition, it includes goal-
oriented analysis as well as object oriented analysis.
Abstraction mechanisms are all incorporated, too.

All generic relationships of RNA are widely used in many
application domains. They are all equally generic enough to
be applied across many application domains and system
development stages. There are no more generic or specific
relationships among RNA’s generic relationships.

DOMAIN INDEPENDENT CATEGORIES
A nothe r goal of R N A  is  to provide  a  me a ningful s e t of
doma in inde pende nt c a tegories  to furthe r s pe c ify the  na ture 
of e a c h ge ne ric  rela tions hip.  D oma in inde pe nde nt
c a te gorie s  a re  de ve loped us ing e xa mples  a nd dimens ion
a nalys e s of ge ne ric  re la tions hips.

The domain inde pe nde nt c a te gorie s a re  mos t us e ful w hen
c onduc ting a  ve ry de e p a na lys is , or for providing us eful
ques tions  a t the  ge ne ric  re la tions hip a nalys is le vel (a s w ith
the que stions in Ta ble  2).

In this  s e c tion w e s how one  of our doma in inde pende nt
c a te gorie s . Othe r e xa mple s  of doma in inde pende nt
c a te gorie s  c an be  found in [26]. N ote  tha t w he rea s  the 
ge ne ric  re la tions hip taxonomy is  me a nt to be  c omple te, by

de sign the  doma in inde pe nde nt c a te gorie s  c an ne ve r be
c omple te.

Domain independent categories in the Descriptive
relationship

Descriptive

Explanation
Illustration
Definition
Clarification
Elaboration
Evaluation
Review
Detail
Summary
Demonstration
Instruction

The domain inde pe nde nt c a te gory for the  de sc riptive 
re la tions hip inc lude s  exa mple s  from des c ription or
e xpla na tion re la ted a c tivitie s  a ss oc iate d with an item of
inte re s t.

AN EXAMPLE CASE STUDY
W e  re c e ntly applied R N A to the  doma in of on-line
books tore s .  W e  illus tra te  he re  with some  of the
re la tions hips R N A  he lped us  find for the  e le me nt "book."
Some  of the  re la tions hips  w e found a re a lrea dy imple me nte d
in bookstore  W e b site s , but ma ny do not a ppe a r the re .  A n
R N A imple me nta tion fe a sibility a na lys is  (s te p e  of R NA 
s teps ) would s how  tha t ma ny e ither a re not c os t e ffe ctive  to
provide  a nd othe rs might give  us ers  a cc e s s  to c ompe titors ,
w hic h a n e -c omme rce  W e b s ite often w ill a void.  Y e t, s ome 
a re us e ful.   A nd s e vera l of the others  tha t the  R N A
imple me nta tion fe as ibility ana lysis  by a  books tore  w ould
re je c t, provide  opportunities  for third pa rtie s  to s ell or
gove rnmenta l s e rvic e s  to provide  to bene fit the  c ommon
good.  In a ny e ve nt, w e w e re a ma ze d a t the  s c ope of
re la tions hips w e  found tha t do not a ppe a r on the W e b, ye t
s e em s o obvious  onc e  w e pe rforme d the  R N A  ana lysis .

Generalization/Specialization
Using the specialization relationship, we determined that a
book is an abstraction of the objects novel and short story.
Often customers have a preference for collections of short
stories or for full novels.

Using the generalization relationship, we realized that
books could serve several different roles.  For example,
books could be generalized into "reading materials," and
that many other kinds of reading materials exist besides
books that an on-line bookstore could provide.  Books also
are a kind of product, and that an on-line bookstore could
consider other kinds of products such as videos.  These
roles vary based on the customer's intent (looking for
something quick to read, looking for something for a long
trip, looking for a gift, looking for something to amuse me
this evening), and an on-line bookstore could expand to
serve several of these intents.

Characteristic
U s ing the  ge ne ric  c hara c teris tic  rela tions hip le d us  to the 



follow ing c hara c teris tic s  of books , in w hich diffe re nt
c ustome rs  might be intere s ted:

-c ondition (new /us ed/da ma ge d)
-re le va nce  (H ow  long w ill this  book be  re le va nt?   For

e xample , a  roa d map or s e t of s tatis tic s  might be 
va lid for a  month, a  yea r or a  dec a de .)

- da te  publis hed, e dition, w hethe r this  a  re print of a 
re ce nt or a n old work

- da te  w ritte n (D id it take  long to publis h?   Is  this  a
re printing of a  los t or c la ss ic  work? )

- ow ne r (Who owns  the  c opyright on this  w ork?)
- c ontributors  (a uthors , illustra tors , editors , people 

inte rview e d during its  a uthoring)
- le ve l of re a ding skills re quire d
- inte nt (re fe re nc e , his tory, how  to, s elf help, tutoria l,

e tc.)
- type fa c e (fonts  use d)
- type  of print (la rge  print, B ra ille , audio)
- a w ards  re c e ive d
- ra tings  (from diffe re nt c onsume r groups )
- dime ns ions , we ight (dicta ting the c os t of shipping)
- pric e  (whole sa le , re ta il, dis c ount, bulk, educ a tiona l
      disc ount)

Occurrence
B oth c ustome rs  a nd s ys te ms  ana lysts  w ill be intere s ted in
va rious  oc c urre nc e re lationships  for books :

- Whe re  is  this  book lis te d? (be st s e lle r lis ts )
- Whe re  ha s  this  book be e n re vie we d or dis cus s e d? 
- Are  there  tra ns lations a va ila ble? 
- Are  the re  ne w e r/olde r/e a rly/draft vers ions  a vaila ble ,

pe rha ps  unde r a  diffe rent name ? 
- Doe s  this  book ha ve  preque ls or se que ls ? 
- Who (els e ) s e lls this book? 

The oc c urre nce  re la tions hip a ls o le a ds to wa rnings  a n on-
line  books tore  c ould provide:

- "Y ou alre a dy ha ve  a  copy of this  book in your
s hopping ba s ke t.  A re  you s ure  you w a nt a nothe r?"

- "Y ou purc has e d this  book la s t we e k, but it ha s not
be en de live red ye t."

- "Y ou purc has e d this  book la s t De c e mbe r."

Configuration/Aggregation
U s ing the  doma in inde pende nt c a tegories  for the  ge ne ric 
c onfigura tion/a ggre ga tion rela tions hip, w e  de te rmine d tha t a 
book is  re la te d to the  follow ing obje cts  tha t it c onta ins :

- its c ha pte rs  (Is  the  table  of c onte nts a va ila ble?  C a n the 
c ustome r re a d the  firs t c ha pte r? )

- its index (giving a n indic a tion of the book's  leve l of
de ta il and e xpe rtis e )

- its forwa rd (w hic h might e ntic e  a c us tome r)
- its introduc tion (giving a n indica tion of the  book's 

le ve l of de tail a nd e xpe rtise )

- its illus tra tions  (c us tome rs ma y be  e ntic e d by the 
      illus trations in a c hildre n's  book or figure s  in a 
      te chnic al book, for e xample )

U s ing the  c onfigura tion/a ggre ga tion rela tions hip, w e 
de te rmine d tha t a  book ma y a ls o be  a pa rt of a s e rie s .  The 
c ustome r ma y w is h to s ee  othe r books  in the s e rie s .

Process
The globa l proc e s s  rela tions hip a ttribute le d us  to a s k how 
the follow ing proce s s e s w ork.  U sing good inte rfa c e  de s ign,
a n e duc ational de sc ription of e a ch c ould be a c c es s ible  from
a ny book objec t:

- how a  book is w ritte n
- how a  book is publis he d
- how a  book is ma nufa c ture d

Activity
The ge neric  a c tivity rela tions hip le a ds  us  to a sk w ho a nd
w hat us es  books , and how :

- w hic h kinds  of pe ople  re a d a c e rta in book (W hic h
type s  of c us tome rs might w a nt to buy this  book? )

- pe ople  give  books  a s  gifts  (Is  the  books tore 's  We b s ite 
s e t up to fa cilitate  people  looking for gifts ? )

- book groups  (Is  the  books tore  doing a nything to
s upport book groups ? )

U s ing the  ge ne ric  a c tivity re la tions hip w e  a ls o dete rmine d
w hic h obje c ts a re  inputs  to a  book:

- pa pe r (Is  the pa per good quality?  Is  it printe d on
re cyc le d pa per? )

- binding (W a s  the  book ma nufac tured to la s t?)
- c ove r (Is  it ha rdcove r or s oftc over? )

The ge neric  a c tivity rela tions hip a ls o prompts  us  to a s k
w hic h a ctivitie s  a  book re s ults  from:

- re sult of re se a rc h
- re sult of a  journey
- re sult of a  cris is in the  a uthor's  life 

Influence
The ge neric  influe nce  rela tions hip le a ds  us  to a sk w hic h
pe ople , eve nts, philos ophie s , a nd othe r books  might have 
influe nce d the  a uthor or the s ubje c t ma tte r of a book.
C ustome rs  fa sc ina te d by a  book (or a uthor) might w a nt to
le arn more  a bout the s e  influe nc e s.

Ordering
B ooks  c an be  re la te d through ordering re la tions hips 
a c cording to the  following crite ria .

-re ade r le ve l or diffic ulty of c onte nt (introduc tory,
inte rme dia te , a dvanc e d)

-a ge le vel pres c hool, tee na ger, s enior)



-ra nks  on a  bes ts e lle r lis t
-ra nks  on purcha s e  c irc le s  (highly s pe cia lize d bes ts e lle r

lists )
-ra nks  on a ve ra ge  cus tome r revie w 
-s a le s  rank
-ra nks  on a ny top 10 list.
-book s ize  (3x2", 12x7", 18x12")
-c ondition of out of print books  (a s  new , fine , ve ry

good, good, fa ir, a nd poor)
-pric e  range  for out of print books  or ba rgain books 
-disc ount ra te
-identific a tion numbe r (ISB N )
-c olle c tions 
     ne xt volume  of a  colle ction
-c ontinuation
     s e ria ls , s e rie s , and s eque l
     books  tha t c ontinue  or pre c ede  one  a nothe r, a s 

be tw e e n s uc c es s ive title s  of a  s eria l
-s ucc e s s ive  deriva tions 
     e ditions – firs t edition, s ec ond e dition, etc .

Classification/Instantiation
W hene ve r a  s pe c ific  c a te gory of books  is  rela te d to
insta nc es  of tha t c a te gory, w e  c an find
c las s ific a tion/insta ntia tion re lationships .

W hic h c ate gory does  this  title  of the  book be long to?
“ G one  w ith the  W ind”  is a n inta ntiation of nove l

c a te gory.

Temporal
B ooks  a re  te mpora lly rela te d to othe r books in ma ny wa ys .
Example s a re  a s  follow s.

-books  taking pla c e in a c e rta in time  pe riod
-public a tion da te 
    W hich book is  publis he d e a rlie s t among the s e books 

on this  s ubjec t? 
    W e re the se  books  publis he d in tw o e ditions 

s imulta ne ous ly? 
-ne w re lea s e s 
-future  re le a se s 
 -ba ck is sue s 
-pa st book c lub s e le c tions 
-pa st re vie w s 
-orde r his tory
     the books  I orde red
-e ditor’s pic ks  for pa s t w e e k

Descriptive
B ooks  a re  de sc ribed us ing des c ription or e xpla nation re la te d
a c tivitie s  a s follow s .

-de sc ription
     publis her informa tion
     de sc ription of the c ondition of a book
-s ynops is
     s hort des c ription of a  book

-e s sa ys  by a uthors  on title s  of the ir writing
-c ritic ism
-e valua tion
-re vie w 
     s taff revie w , re vie w e rs’ re vie w , c us tome r re vie w
-instruc tion
     book s e arc h tips  and e xa mples 
-guide line s 
     guide  for c olle c ting books 

Membership/Grouping
W hene ve r books  a re groupe d ac c ording to s ome  c rite ria, w e 
c a n find me mbe rs hip/grouping re lationships . Exa mple s  a re 
a s  follow s .

-the books  that ha ve  a  common a uthor, title , or subje ct.
     W hic h books  a re w ritte n by this  a uthor? 
-the books  that form a  colle ction
    W hich books  belong to this  c olle c tion? 
-nomine e s for a  a w ard
-ne w re lea s e s 
-future  re le a se s 
-re comme nda tion list
-previe w s (fa ll previe w s) or forthc oming books 
-a w ards  lis ting
           W hic h aw a rds a re  a va ila ble  for the  c ate gory to

w hic h this  book belongs? 
       -c omme nts lis t

-books  on s pe cia l sa le 

Equivalence
B ooks  c an be  c ons ide re d to be  e qua l in te rms  of c ontent a s
follow s .

-e xac t c opie s  of the  s a me  book
-re productions from a n origina l book
     Is  this  book the  re produc tion of the  book publishe d

e a rlie r?

Similar/Dissimilar
B ooks  c an be  re la te d in te rms  of s imila rity a s  follows .

Similar relationship
-s imila r books by subje ct
-s imila r s tyles 
-s imila r a uthors 
-W hic h othe r books a re  w ritte n by a uthor of this book? 

Dissimilar relationship
-W hic h book’s point of vie w  is  oppos ite  to the  point of

view  of this  book?

Intentional
B ooks  c an be  c ons ide re d to be  a ss oc iate d with inte ntion-
re la te d a c tivitie s a s  follows .

-c ustome r c omme nts  on a  book
-s hipping polic y
-re turns  policy



-re comme nda tions  bas e d on re ade rs ’ profile  or pa st
purc ha s ing beha viors .

Socio-organizational
Socia l or orga niz ational s e ttings s urrounding books  ca n be
c ons ide re d a s s ocio-orga niza tiona l rela tions hips . Exa mples 
a re a s  follows .

-A wa rds 
-Purc ha se  C irc le s  (highly s pe c ia liz e d be s tse lle r lis ts )
-B ook C lub
-a gre e me nts 
     a gre e me nts  on rules  of online  trans a c tions  a mong

pa rtic ipa nts  in the  trans a c tions 
-s tra te gic  a llia nc es 
     a s soc ia te s  or a ffilia tes 
     pa rtne rs
     online  se lle rs 
     w e b s ite ow ners 
-c ommitment
     s a fe ty and s ec urity guara ntee 
     mone y-bac k gua ra nte e 
-orga niz ational s truc ture s 
     book s tore  information
     globa l orga niz a tion of book s tores 

Spatial
W hen purc ha s e c ircle s  to w hic h a  book be longs  a re 
c a te goriz e d ac c ording to ge ogra phy, thos e  purc has e  c irc le s
ha ve  s patia l re la tions hips .

B ooks  w ith a  pa rtic ula r s ha pe  or dins tinctive  fe a ture s 
(pop-ups, unus ua l la youts , cove r ha s  a "pe ek
through" hole)

-Purc ha se  C irc le s  c a te goriz ed by ge ogra phy (R e giona l
be sts e lle rs )

Statistical
B ooks  c an be  re la te d a cc ording to the  probability of one 
be longing to s ome  groups  to w hic h others  belong. Exa mple s 
a re a s  follows .

-W ha t othe r books  did cus tome rs  who bought this  book
te nd to buy? 

-W hic h authors ’ title s  did cus tome rs  who bought titles 
by this  a uthor a lso buy? 

FUTURE RESEARCH
Future  re s e a rc h on R N A  ra nges  from improving the a na lys is 
to e xte nding the  approac h.

Scaling RNA
N ot a ll re la tions hip type s  will apply to e ve ry applica tion,
a nd de velope rs  might not ha ve  time  for a  full R NA  a nalys is.
Thus  w e  pla n to s ca le  RN A  to s e rve  diffe re nt purpos e s.

A s  pa rt of s ca ling, w e  ne e d to dete rmine  w hic h re la tions hip
type s  a re  most like ly to be  us e ful on w hic h ge nera l kinds  of
e leme nts of inte res t, for w hic h ge ne ral kinds  of domains ,

a nd for w hic h ge nera l kinds  of s ta ke holde rs.

Integrating RNA with existing tools
R N A c ould be  a  pa rt of a ny re quire me nts  a na lys is  in s yste m
de ve lopme nt me thodologie s .  W e  s ha ll inve s tiga te
s e amle s sly inte grating R N A  into es ta blis he d s ys te m des ign
me thodologie s [13], including hype rme dia  des ign
me thodologie s [2].

Design patterns
Ea ch ge ne ric  re la tions hip in R N A  c ould be  re pre se nte d a s 
s pec ific de s ign or a na lys is  pa tterns  [7, 3, 18, 24].  This 
w ould provide us  a c le ar a nd w e ll-de fine d te c hnique  for
e xpre s s ing the  re la tions hips.

Discussion & Contributions
R N A’s  gene ric re lationship ta xonomy is the ore tica lly
robus t. It is ba s ed on e xis ting the orie s , ontologie s ,
informa tion mode ling methodologies  a nd inc orporate s 
e s ta blishe d ta xonomie s  logica lly. It cove rs the  va rious 
a s pe c ts  of information mode ling inc luding subje ct w orld,
s yste m world, us a ge  w orld, and deve lopme nt w orld [17].

R N A's  gene ric re lationship ta xonomy provides  a  kind of
re la tions hip c he c klis t for any a pplic ation doma in.  R N A
c ould be c ombine d w ith c onc eptua l modeling tools to
provide  a  rich c onc e ptua l mode ling e nvironme nt.

RNA can be used as part of a systems analysis, either to
thoroughly describe an existing system (or information
domain) in terms of its relationships, or to understand a
system being designed.

R N A c ontribute s  to hyperme dia  de sign me thodologie s  by
providing a  sys te ma tic  w a y to find a  comprehe ns ive  s et of
linking a nd na vigational opportunitie s. In a ddition, R N A 
c ontribute s  to me ta da ta re s ea rc h by ide ntifying us e ful
ge ne ric  re la tions hips  tha t could be  c ons idere d a ric h form of
me ta da ta.

Y e t, in the  end w e hope tha t our mos t e nduring contribution
is  s uc c es s fully c onvincing de ve lope rs  of W eb a pplic a tions 
(both new  a nd tra ns porte d from othe r compute r
e nvironme nts ) to ta ke  full adva nta ge  of linking in the ir
a pplic a tions .
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