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Abstract application dependent and relate to the content of tables as

query results, while a second type is application independent
A visual database front-end for handling query result preand pertains to the mapping from logical tables to graphi-
sentation and exploration is presented. The system is based windows. In the remainder of this section, we discuss
on a formal interaction structure called hypertable, and cahese two classes of problems along with possible solutions
be seamlessly integrated with any visual semantic query lafer overcoming them by acting mainly on the dynamic as-
guage adopting a data model that supports the notion of rgects, in contrast with other approaches that are mainly fo-
lationship cardinality. We aim at overcoming two kinds ofcussed on the static ones (e.g., [6, 11]).
problems in the interaction with tabular displays: (1) applica- With regards to the first class of problems, we observe that
tion independent problems, pertaining to the mapping froraser requests often require the join of two or more relational
logical tables to graphical windows, and (2) application detables, which, in general, may result in a table that is not
pendent problems, related to the content of tables as quenythird normal form, thus exhibiting a tedious repetitions of
results, such as repetitions of values and contiguity of urvalues. The readability of the table is also decreased by the
related data. The first kind of problem is addressed by tteontiguity of unrelated data, such as attribute values gathered
interaction structure, while the latter is faced by the naviga@rom different tables. We observe that when the DBMS is
tion paradigm designed for the analysis of the query resultequipped with a query interface based on a semantic model,
. additional information stored into the semantic representa-
1 Introduction tion of data can be used to define output presentations richer
Pure relational databases are widely diffused and accessgén flat sets of tuples.
by diverse classes of users. Much work has been done for de-As to the mapping from logical tables to graphical win-
vising user interfaces able to significantly reduce the usergows, the approach used when the table dimension exceeds
effort for selecting, digesting and assimilating informationthe dimension of the window is to regard the window as a
Notwithstanding that the ultimate goal of the informationview panning over the table. This is equivalent to having a
consumer is the result of the seeking process and not thentinuum of adjacent sub-tables, successively disclosed by
query formulation per se, most DBMS front-ends provideneans of horizontal and vertical scrolling steps (by acting on
effective (visual) support for the informati@election while scroll bars). The main drawback is the fact that a view may
lacking adequate support for informatidigestion  arab-  clip out relevant portion of the structure (e.qg., attributes that
similation(with notable exceptions, as [1]). identify the rest of the values), giving raise to not meaning-
Suitable data set organizers are necessary to help usrissub-tables. The cause for this undesitess-of-context
make sense of retrieved information. Organizers have wffect can be found in the nature of the interaction provided
make patterns visible, capture relevant regularities, and ay the scroll bars, purely syntactic because originated in the
low the construction of new information patterns from oldwindowing system and not in the specific application . The
[4]. A static and a dynamic aspect can be singled out in su@pplication must hence have as much control as possible over
tools: thestatic aspect refers to the visualization techniquethe interaction, without relying on system-specific tools.
while thedynamic aspect refers to the modalities offered to We also recall that cognitive studies display density
interact with the visual structures. show that it is not effective to force too much information
Tablesare widely used for the visualization of relationalinto one (overloaded) display. It is preferable to map the
query results for their effectiveness: they are a very familiar

P ; ; 1Some tools (e.g., spreadsheets) provide a partial solution to this prob-
data organization, and require low cost graphlcal represelrgm by allowing to split the sets of columns and rows into independent scrol-

tations. Tables may suffer from a number of problems thﬁ’éble subgroups, leaving on the user the burden of identifying the portions of
sensibly decrease their efficacy. A first kind of problems ige table that have to remain displayed for obtaining meaningful sub-tables.




total volume of information onto a set of smaller displaysDefinition2 A set ' of fragments is said arF-
each containing a closely related subset of information, beepresentatiorof a relationr if and only if there exist two
tween which the user should easily move using navigatiocomputable procedureglit  amdalesce  such that=
techniques. In our framework this leads to the association eplit(r, h, w) andr = coalesce(F) .

one (large) relation with a sets of linked display. This definition ofF-representation though similar to the def-

In this paper we present our approach for solving thgition of lossless decomposition typical of the normalization
above discussed problems that, being different in nature haggocess of the relational theory, differs from it in two ways:
to be faced separately (preliminary results about the mattgr) dimensional constraints are used to define the fragments,
appear in [15]). In Section 2, to suitably handle the map2) we do not limit the set of attributes and valuesin  to be
ping from logical tables to graphical windows, we introduceubsets of those belonging to  (e.g., fragments containing
a general interaction structure, callegipertable , based ogggregated values may belong to an F-representation).
the assumption that the information should be presented onwhile fragments provide the navigation space, an adja-
demand as a set of interconnected displays. The displays @écy structure linking them defines the admissible interac-
dynamically generated on the basis of window dimensiongion. Depending upon the paradigm underlying tp&it and
metadata information, and suitable exploration paradigm$alesce procedures, the links might be attached to the frag-
somehow captured by the interdisplay links. The hypertabl@ent as a whole, or to some element of it (e.g., attributes,
is general in the sense that it does not assume any particWallues or tuples).
exploration strategy. Then, in Section 3, we specialize the To begood with respect to the interaction, the adjacency
approach to a semantic visual query language, to manage $ficture must satisfy a number of criteria (we refer to [16]
query result through th&able Expander , a tool able to ar-for an extensive discussion).
range the output of the query in a hypertabular manner, on Completenes3he set of links must guarantee that each
the basis of the cardinalities of the involved relationships . fragment is reachable.

2 Embedding interaction into hypertables Regularity Some sort of consistency must be given to
Interaction modelsare introduced to bridge the concep-the adjacency structure, to enhance the navigation: the pre-

tual distance between the visualization model and the da?éCt‘_ab'“ty of regul_ar patterns allows the user to scan more
asily the area of interest.

model, and to provide the structures for the user interac- Meaninafulnessntuiti i t be defined f

tion. An interaction model must be formal to capture thet l_e?(nlng u ne(:js_ n E{“ ve ;err;an Ics mdu_s € de |In_e ?hr

concepts of the data model, and suitable to act as a formgfla'tlgrsé::glf?er Ing 1o navigation paradigm underlying the
1 .

counterpart of visual elements and interaction primitives. IR .
Orderingson fragment schemata and on fragment exten-

this section we outline a methodology for defining interac-. : S ;
tion models based ohypertables , which are multi-displaySlons may also be required to help the navigation (e.g., it may

visualizations of (large) relations embedding links among reqf u;sebflul toAV|suaI|zt;a reI?;[edt attr(ljbu_tes n ad]acr::tnt (_:olulr_nr(;s
lation fragments. As the output device is limited in terms of' a1 €). As a matter of fact, ordering is somehow implie

the containment area, the visual and the interaction mode"’}gso by the eX|st_ence of _onentgd links _among fragmer_ﬂs. To
flect this requirement in the interaction model, additional

must be designed in terms of representations consequer{t%/ X
constrained. We hence introduce the concefiitaafinded re- ¢ ”_C‘?Pts are introduced. . .

lation (or fragmeny, with upper-bounds on the number of y-Definition 3 An (h-w)-tableis a triple (r, 51, 52) wherer
ples and on the number of schema attributes. Roughly speéﬁ—an(h’ w) -relation on a schemR S1 s a sortingRf

ing, any relatiorr is represented by a set of fragments fro%ndSQ Is a sorting of the tuples of 5.1~ and  may remain

which it is possible to retrieve all the information containedepeC'ﬂed when no predef_lned ordering is required. We will
in . More formally: often refer to (h-w)-tables simply as tables.

Definition 1 Let I/ be a universe ofttributes , and let Def|n|t|(?;114S;et TTbe_ a sc_aé.ogh, w()j b—tables. The set=

dom(A) be thedomain of valuesassociated to each attributel/ |_<_f_’ ,52) € T} is saidin '“'_CE Y _

Ain U. A relation schemak is a non empty subset ¢f . Definition 5 An hypertableH/T" is an ordered paI(T, Ly ,

A tuplet on R is a function that associates a vatgel)  irwherel” isasetofh, w) -tables,aid isan adjacency struc-

dom(A) to each attributel iz . Aelationr(R) is afinite ture defined over the set of fragments induced’by

set of tuples orR . We say thatR) is @mw)-relation  onGiven its hypertextual nature, the proposed interaction struc-

R if wis the cardinality of R and: is the number of tuplesture is also suitable as a methodological framework for the

of r. We refer to the ordered p4ih, w) as to ienensions definition of user interfaces in innovative environments as

(helghta_nd Wld_th) Ofr_. . 2A consequence of the second aspect is that, in principle, there are in-

When either dimension of a relation leads to a table eXmite F-representations associated-to . It is therefore necessary to enforce

ceeding the display dimensions, it is necessary to associatene properties thdf'  has to satisfy in order for the representation to be

tor a set Of(h w)— relationsh(agments of ) where both goodwith respect to the interaction (we refer to [16] for a discussion non
o . . . ’ . redundancy, minimality, and meaningfulness criteria).

andw satisfies the dimensional constraints of the display.




the World Wide Web. Reducing the dimensions of the table In the view-based approach the user specifies a view and
displayed on a single web page is profitable also in terms tifie query corresponds to an unordered sequence of "natural
performances, since the duration of individual transactiorjeins”. As an example, the query corresponding to the whole
is shorter and more predictable. In more traditional databasew of Fig. 1 coincides with the natural join of the four
front-ends, however, the violation of height constraints is naelationshipsiWorks, O f, In , andBorn  on all the shared
as detrimental as the violation of width constraints, since gntities (in this case the relationshifvrn  shares the entity
does not give rise to loss of context. Hence, for the sakBoctor with WWorks and the entityC'ity within ), thus fur-

of simplicity, we will not address this point in the proposednishing as answer all the doctors working in a hospital lo-
application framework. cated in the same city the doctors were born.

3 AH tabular Vi i 3.2 The initial fragmentation

_ yper abular Visualizer ~ Tointroduce our query result presentation and exploration
~ Inthis section we show how the approach can be specigiaradigm we use the example of Fig. 1. The resulting table
ized to a given query interface and query result exploratiopontains attributes coming from different entities, and may
paradigm. In particular, we focus on a visual semantic queRfresent many repetitions of values.
Ignguage, and, after a brief des_cription_of the query formula- | gt sch(E;) andkey(E;) denote the set of attributes and
tion strategy, we show how the information stored into the sgy gglected key attribute of the entify , respectively. Given
mantic schema can be usefully exploited for (1) fragmenting queryQ , ifEy, B, ..., E, are the entities belonging to a

the resulting table, and (2) interconnecting such fragments H"Uery path/view, the resulting relatiogg ~ has schéipa=
hypertabular manner. U™ sch(E;).

3.1 The Query Interface The first natural choice in the fragmentation process is

The availability of a high level description of the databas&® iSolation of clusters of attributes belonging to the same
through a semantic model results naturally in query inte€tity. Since an entity represents a class of real world objects

faces in which the user visually interacts with a diagram repaing common properties, its common attributes possess a
resenting the underlying semantic schema. strong cohesion. Furthermore, at least under the hypothesis

A noticeable effort has been spent in the definition and thté1at the ER schema satisfies the first normal form require-

experimentation of semantic query languages, ranging Onr%ents, these attributes are all in a one-to-one relationship

wide variety of data models (see, e.g., [8, 3, 7, 2, 9]). AIV‘”thr?nfa fa\pcl)ther. £ i h defined as:

of the available proposals adopt one between two oppositeT e Initial set of fragment$™  Is hence defined as:

strategies: th@ath-based approach is seated on the idea of}_ Ty ur| _

constructing the query by specifying a path on the schema; ~ (-:=17F: =71 T8 = gSCh(E’)(TQ)’ T
. - . . T =Ur key(FE;), 1

while theview-basedstrategy allows for defining a view on

the schema. Itis out the scope of this paper to discuss such aRougth speaking, in eachy

matter and here we recall the main ideas underlying the tWg o4 ch entity; , while i we retain one key for each entity.
strategies (a deeper analysis can be found in [12]). The setF is an F-representationgf (it is easy to prove that

In the path-based approach, the user specifies & pa natural join of the fragmentsjii  yields back the original
among the classes and the relationships of the SChe”r‘érationrQ ).

Roughly speaking, it corresponds to an ordered sequenceg;om each fragmenty, atabfg, s defined by impos-

of joins between the pair§ class, relationship constituting]g an ordering on the attributes ieh(E;) . The optimum

the path, followed by a final selection and projection. Th@gquence for presenting the attributes is determinegeby
explicit presence of the relationships prevents the user frofjanticfactors (e.g., sequence of use, or frequency of con-

looking for concepts like foreign keys. More formally, eachiyint yse are taken into account to avoid contiguity of unre-

time the user path involves aclass, say , a variable is existqteq values), osyntactic factors (e.g., alphabetic order) in
tially quantified for that class and such a variable is requiregpsence of the necessary statistical data.

to appear in the incoming and in the outcoming relationships 5\ing isolated the entity attributes, one attribute per en-
of the clasc i_n the path. If thg path involves times aclas§i,[y belongs to the fragment(T) . The definition of a ta-
n different variables are quantified. ble associated to it requires the definition of a sorting of its
schema attributes, described in the next subsection.
(1' As to the the adjacency structure, each attribute
key(F;) € T will be the source of a link pointing to the

fragmentrg, (see Fig. 2).

By applying the above procedure to the example under
consideration, the fragment can be associated to a fable
Figure 1. A sample schema like the one in Fig. 3, containing many repetitions of values.

= mr(rq),
i<n}

we isolate all the attributes

(Ln)
(Ln)
BORN aTy




the path(Doctor, Works, Department, O f, Hospital) of
Fig. 1. Note that cardinalities are considered from the point
of view of the relationship itself: the paifl,1) between
Doctor and Works means that each instance i@éctor

is involved in the relationshiplorks at least and at most
once. Moreover, when comparing two entities we often
consider only the maximum cardinalities and we say, e.g.,
that Doctor and Department are in many-to-one rela-

Figure 2. A sample initial fragmentation ) . '
tionship throughiWorks . More formally, we denote with

cITY HOSPITAL DEPARTMENT _ DOCTOR Galn(ei, ej,p) the maximum number O‘fj Instances asso-
ROME GEMELLI SURGERY SPOCK . . . .

ROME GEMELLT SURGERY ABBOT ciated with eache; instance by the path p. For instance,
ROME GEMELLI RADIOLOGY ACTON .

ROME UMBERTOT ONCOLOGY TAFT Gain(Doctor, Department, (Doctor, Works,

ROME UMBERTOI MATERNITY UDALL . .

ROME SAN GIOVANNT | SURGERY LIDDEL Department)) = 1, while Gain(Department, Doctor,

ROME SAN GIOVANNI SURGERY LEE

VENICE SANMARCO SURGERY GALLUP (Department, Works, Doctor)) = n.

VENICE SAN MARCO SURGERY GRAVES . . . . .
VENICE SANMARCO | RADIOLOGY NASH Composing the cardinalitieg)octor is found to be in a
VENICE SAN MARCO RADIOLOGY BARTON . . . . .

VENICE POLICLINICO _ [MATERNITY BELL (many-to-one) relationship witlif ospital , sincBoctor
VENICE POLICLINICO ONCOLOGY BENSON

is in many-to-one relationship witiDepartment , and
Department is in many-to-one relationship witH ospital

In this case, the natural presentation of attributes is in con-
trast to the specified path flow. It is more effective, in fact,

One may notice thaf  can be iteratively partitioned fronf© Present first the attributes coming fraffospital , show-
left to right, on the basis of repeated values. This is due #§9 for each hospital the set of its departments and for each
the particular orderings chosen for placing the attributes: tftepartment the set of its doctors, avoiding the tedious repeti-
attributes in a one-to-many relationships with all the otherdon of the hospital for all its departments and the repetition
(i.e., showing the greatest number of repetitions) appear firdt the department for each doc.tor in that departmt_ent. Sum-
on the left, and the more we go to the right, the greater f@arizing, on the basis of the arity of the relatlonsh|p§ of the;
the number of distinct values appearing in a column. This §R schema, a partial order relation on the table attributes is
exactly the way a table is expected to be: more general to t§&/€n. Such a partial order is matched against the total or-
left, more specific to the right. der defined by the user path_ that, 'When necessary, is altered

The following steps are hence: (1) to devise an algorithficcording to the above considerations.
for automatic attribute sorting of the above type, and (2) t8-3.2 The View-based case
take advantage of such sortings for the definition of a proper To find mutual numerical relationships between entities
hypertabular structure. belonging to a view is a more complex task. Difficulty arises

3.3 Computing a partial order on attributes from the (possible) presence of multiple paths between con-

. . . t m together t Vi ni r-
The problem now is to compute the arity of the relatlon-cepts that must be composed together to devise a unique ca

. . : dinality. In order to do that, we borrow from the above sub-
ship between two clusters of attributes coming from two dif-._ . . A . .
: : section the notion of composed cardinality, still valid when
ferent ER concepts. The way in which to compute suchanar-~ "~ . . : L
: . . : %on3|der|ng a single path on the view. Moreover, in this case
ity strongly differs, depending on which strategy (path-base . T S .
. o . , Wwe consider also minimum cardinalities. In order to devise
or view based) is involved in the query formulation. The case . - .
. . aRartlaI order among the entities belonging to a view , we
of path-based has been discussed in [13], and here we report | the followina aldorithm
only the main results; the case of view-based strategy is, iRPPY galg '
stead, deeply analyzed. 1. List all the entity pairge;, e;) with # j ane; € 5;
3.3.1 The Path-based case
Two cases are given: (1) the attributes under consideratior?-
are part of two concepts of the query path directly linked or

(2) they are still on the same path, but "far” from each other.

In the first case the numerical proportion can be derived di-3  Fqor each entity paife;, e;) , computegobal path  and

rectly from the cardinality of the ER schema, the maximum — ,qqqciate with it lobal cardinality . Discard for each

one being an indication of the greatest number of instances couple(e;, e;)(e;, e;) the one characterized by the min-

of one entity for each instance of the other. The second case imum Gain(ex, e1, global — path) (if any);

is more complex: cardinalities found through a path must be

combined to determine@mposed cardinality . 4. Using the pairs coming from the previous step find
Let us briefly describe the case of two near entities in  out the partial ordefe;, ez, ..., ¢/g) that maximizes

Figure 3. A table displaying-(T)

For each entity pair devise all the non-cyclic paths con-
necting the two entities and, for each path, compute the
composed cardinality;



the Gain(ei, eg|,(e1,e2,...,¢g)) under the con- in the city the doctor was born (this give also an intuitive
straint thatV(e;,e;,e;) in the partial order, with meaning to th&* maximum cardinality).
i < j < kitholds thatGain(e;,ex, (e;,e5)) > The relationship resulting from the combination of
Gain(e;, ex, (€, ex)). the two paths corresponds to the logicaVD : a pair
(Doctor, Department) belongs to the new relationship
Let us analyze the above algorithm, applying it to thenly if it appeared in the two old ones. In other words, the
view in figure Fig. 1. new relationship links a doctor to the department (if any) that
is at the same time the department in which the doctor works
Step 1We find out twelve pairs, combining the four en-and it is located in the same city in which the doctor was
tities belonging to the view. It is worth noting that, even ifborn. This clarifies the valug assigned to the minimum car-
the complexity of this step is quadratic in terms|&ff , thedinalities labeling the new relationship in Fig. 4. Concerning
number of entities belonging t& , the values|8]  cominghe maximum ones, they are bounded by the least maximum

from real views make it tractable. cardinality of all the paths: if a doctor is linked to at most
Step 2 For each of the above 12 pairs we look for alll working department and at most  in-the-same-born-city
the non-cyclic paths (they are bounded %] , the nundepartments, the intersection between the two sets will be

ber of relationships belonging to the view). In devising theither empty or composed by a unique instance.

composed cardinality we use the technique shown in the Moreover we are interested in weighting the maximum
previous section, collecting also the minimum cardinalitycardinalities of the global cardinality, in order to have a thin-
For example, referring to the pafiDoctor, Department)  ner scale for th&/ain function. We introduce the weighting
we have two paths:(Doctor, Works, Department) and approach through an example. We have said that each doctor

(Doctor, Born, City, In, Hospital, O f, Department). is involved(0, 1) times in the new relationship and that the
Each instance oboctor is involved by the first path atmaximum cardinalityi comes from the intersection of the n
least and at most time; each instanceltfpartment isn-the-same-born-city departments and the single department

involved at least time and at mast  times. the doctor works in. The nev maximum cardinality is less

The second path, instead, involves each instance Iely then the oldl cardinality it comes from: the number
Doctor at leastl time and at mosi’ times; moreover iof doctors involved in the new relationship are a subset of the
involves each instance d@epartment is involved at ledst ones involved in the old one. In order to capture this pieces of
time and at most  times. information, we keep track of all the maximum cardinalities

We compute the other cardinalities in a similar manner. contributing to the maximum global cardinality with the fol-

Step 3Now we have to combine, for each pair, the comlowing notation:1.,,...;, , wheré denotes the number of
posed cardinalities coming from all the paths. Again we refer cardinalities and; the numberof  cardinalities involved
to the pair{ Doctor, Department) to discuss the matter. Asin the construction of the global cardinality. If the maximum
shown in Fig. 4, we can consider the two paths connectingardinality is an , theé: term is missing, being in this case
Doctor and Department as two relationships . the number oft cardinalities always . In this way, we can

distinguish, for example, thél, ny ) cardinality from the
1,1) a,n)

( (0,n1,1) one: they are botfi0, ») cardinality, but the first

DOCTOR DEPARTMENT one comes from the intersection @f, n)  afidn?)  while
the second one comes from the intersectiorflof?) and

(1,n?), so the latter maximum cardinality is greater than the

former.
Comparing the global cardinalities of the pair

(Doctor, Department), i.e., (0,11 01),(0,n2), with
the ones of Department, Doctor) , i.e.(0,ns), (0,11 1)

(0.1101) ©n2) we decide to discard the former an to keep the latter to be
DOCTOR DEPARTMENT used in the next step.
Following the same strategy, we find out the pairs shown
) ) o in Fig. 5.
Figure 4. Computing a global cardinality
<Department,Doctor>_ (0,n) (0,1101)
The semantics associated with the first path is the one of Zﬁﬁéﬁ?tgfté’éim Egizi’%ﬂ Egﬁi)l)
the relationship$Vorks ; through the second path each doc- :g:{yagparlttggb Egvgl 1; 28&1 1))
tor is linked to all the departments of all the hospitals located <Hog;3itafgepartmmt> (o:ni)l (011181)

3To extend the following considerations to more than two paths is . . .
straightforward Figure 5. The selected pairs for the view



Step 4 Using the pairs outcoming from Step 3, we CITY HOSPITAL DEPARTMENT DOCTOR
have to find the partial order among the involved enti- ROVE GEMELLI | SURGERY | SPOCK
ties. Looking at Fig. 5 we notice thddoctor is always VENICE SANMARCO| SURGERY GALLUP
on the right, so it has to be the last one in the order.

Once Doctor has been removed, the same happens for Figure 6. The starting fragment
Department, that is the last but one. The same happens
for Hospital, so the final partial order is the following:

. ; wherel;
(City, Hospital, Department, Doctor).
3.4 Refining the fragmentation

Once the numerical relationships are defined, they arel. determine the sdt(vs;) = m4,(0a,20, 7 )
used to generate new meaningful fragments. As discussed _ )
before, the distinct values in any column determine a parti-2- [0F €ach valueu € [i(v) insert im(vs) ~one and
tion of the subtable on the right of the column. It makes sense  °NIY one tuPIe’:fTi) such tha4;) = w andl;) €
to provide the distinct values of the first column as starting 7. (T ar=0 (T)7)

hints for the exploration of the query re_sult. _The user can Step (1) determines the distinct instances of the active do-
then select one of them to see the associated information. ;FPain of A; belonging to tuples 6f*  showing the valuye
{3

enforce regularity, and _Iet the user feel cpmpletely free 1, the first column. Step (2), consistently with the procedure
browse through the entire table, the remaining columns 3fBllowed to build T, , fills the remaining tuple fields.

maintained. _ . _ By applying the above procedure to our exam-
Letus can|derthe SChe'ﬁa:Ui:lAi _ .Subscnpts_ar le, for each distinct instance of the first column

representative of the relative order of attributes determlnetﬂree additional fragments are defined and linked to

by the algorithm described in the previous subsection. Henge ith schemata (Hospital, Department, Doctor)

A; is saidon the left (resp. right) oft; if < j (resp.>j ), (Department, Doctor), and(Doctor) , respectively. Fig. 7

deno_ted byAi_ < A; (respd; > A; ). From now on thegy s the fragments associated with the vakaene from
notation7; will be used to denote the schewlfa; A;  , thg,, starting fragment.

Greek letterr to denote fragments, and to denote tables
(i.e., used to put the emphasis on the sorting of the schema

(vg) pointsto afragment(v;) with scheffia  and
extension defined by the following procedure:

HOSPITAL DEPARTMENT DOCTOR

attributes). GEMELLI SURGERY SPOCK
Letus denote witlf *(73) the table associated to the frag- UMBERTO| | ONCOLOGY | TAFT
mentr produced by the initial fragmentation in Section 3.2. SAN GIOVANN| SURGERY | LIDDLE

Thesstarting fragmentr,;,,+(71) is defined in the following

way: cyry HOSPITAL _DEPARTMENT DOCTOR
E |\ [GEMELLI | SURGERY SPOCK

VENIQE\ [ SAN MARCO[ SURGERY GALLUP

1. determine the s@t= 4, (7~)

DOCTOR
2. for each values € I insertin;;,-» one and only one | SPOcK
tuplet(7y) suchthat(A;) =v antd7y)e 7~ . DEPARTMENT DOCTOR iiﬁg;
SURGERY SPOCK AFT
Step (1) determines the active domaingf 7ih , while e sl _’:ﬁg'\‘ —
Step (2) populates the starting_ fragment with one sample MATERNTY | UDALL LIDDEL
tuple for each such value. Notice that the links to the en- LEE
tity fragments are actually anchored to the attributes of the
schema Ofrs;40 (7T1) - Figure 7. Subtables associated with Rome

Coming back to our example, in the first column two dis-
tinct values appear, nameljoma  alWnice . The starting Let us now introduce some aspects of theual model
point for the interaction is hence the tabig. ... shown iradopted by our system to represent the abstract concepts of
Fig. 6, in which only the distinct instances of the first columrthe interaction model.
appear, each completed with one of the tuples associated toFrom the user point of view, these new tables can be

it. viewed aexpansionsoff;:..+ . In terms of the visual model,
At this point, a method must be introduced to allow thdo expand7...: , the user must select one instance'if
selective presentation of new data. and one attribute on its right (thus uniquely identifying one

Giventhe schema; ,we define-1 fragment schemataf the three links attached to the instance value). Fig. 8 shows
T;,2 < i < n. Given the tabl¢/* and the fragment,,: ,the graphical window containing the visual representation of
each distinct value, 1 < k < m , in the first column of the starting fragment. Each column is equipped withseveral
Tstqre Will e the source oh — 1 links; (v;) 2 < ¢ < n , buttons allowing for the necessary interaction:



R left (including the path of links necessary to reach the frag-
=) ment) acts as a “key” to the sub-table.
T - - The generalization of the above procedure is omitted due
=] —e—i—re I s T to space restrictions (it can be found in [14]). The basic idea
[ ] [mamre | [serasmsase ] [ascran | is that given a fragment(7;) , the path of links fram .,
— B — Somee to 7, a valuev in a columm; (the selection column), and
e ] [wow ] [ ] a columnA, > A; (the expansion column), it is possible
o s " to reconstruct a tuplg(7_;) , with_; = U/_ A, , used to

determine the distinct instances of the active domain of
Figure 8. The starting fragment:the user interface ~ P€longing to tuples of = coinciding with{7";) ~ on the sub-
schemal_; .
It is easy to prove it is possible to reconstrgct from
e Expandis used to select the starting column of the exthe hypertable7* containing all and only the fragments

pansion; obtained by iteratively expanding the first columns [14].

It must be observed that, in practice, new fragments are
dynamically generated by the interface on-demand, only if
« the right (left) arrow opens (closes) the entity fragmenthe user explicitly asks to access such information.

associated with the corresponding key attribute.

Fig. 9 shows the effect of the selection &bme and o .

e Collapse closes the performed expansion;

its further expansion starting froti ospital , while Fig. 10 2ol oo
. . NPT oL oL
shows the expansion @fome  starting fraepartment . el el e 1. o
= '17'.‘7 AT ] 'ercl.'ldl‘.\' NTEN
:
™ | el - | — -
| Dewe DOMD | | [':'
o [ o 0 _I_ni (o | 0 G B
Y NOSHT AL BPARTIMEAY BECTHN 2l
rra— g o x ' Figure 11. Multiple expansions
2L 2 3.5 The Table Expander Prototype

A prototype of the system has been implemented, using
the C++ language and the XVT graphical toolkit, available
for different platforms (Dos, Mac-OS, and Unix). Some ad-
ditional features have been included in the prototype to en-

P St Optem rich the interaction. Achange-selectionmethod is supplied.
: Itis likely that the user is interested in moving through the in-
~ Drssn = EXPAND . .
s CoLLE v stances of one attribute to browse different sub-table. For ex-
clal e l 2 el 2] cla) ample, after the analysis of the information related?tone
[T s | [penummany cocrse | in Fig. 9, the selection oF enice yields the table shown in
el S - (- .
Fig. 12.
[cas e R
‘\* : : ey
_ _ , guliend [uuewdirsnd Luesufiesu) isfeed
Figure 10. A different expansion of Rome : — -
It should be intuitive that such an approach can be applied :
to any attribute and value 0%;,,; as well as to any attribute o e ~ .
and value of any new fragment. Selection and expansion can i af

involve almost every pair of columnst;, 4;) , with the only ' _ _
constraint that thel; < A; , sinaeverything that is on the Figure 12. Expansion of the value Venice



To the left of the selection, however, there might be many[5] P.P. Chen. The entity relationship model toward a uni-
expansions depending on it, directly or indirectly. The de-

fault approach is to contract all subsequent expansions,

re-

lated to the changed selections, forcing them to fit the expan- ) ) ) ) o
6] R. Chimera. Value bars : an information visualization

sion level of the column containing the selection.kéep-

expansionoption, anyway, allows the user to maintain the

expansion pattern. Finally, the user is always able to br

things back to a situation equal — or at least compatible ifr;

ing

something else has changed —to the one present before an ex-
pansion (proper strategies are supplied for propagating such

contractions.

4 Conclusion

In this paper we presented (1) a general hypertextua‘8]
framework for the interaction with tables, and (2) a possible
specialization for visual semantic query languages, able to
cluster attributes in homogeneous way, and to suitably handle
tedious value repetitions. In contrast with [10] where tables[9]
are viewed as a data model, here (hyper)tables are regarded

as adata set organizerfor the analysis of query results.

The mainidea is based on the assumption that information

should be visually presented on demand as a set of displ

sions, (2) metadata information, and (3) suitable explorat
paradigms captured by interdisplay links.
The selected visualization and exploration strategies

ion

are

based on information stored in the semantic representati
of data. The table content is rearranged as a set of smaller
interconnected displays that avoids repetitions of values and

contiguity of unrelated data (typically produced by the jo

in

of two or more relational tables). Result exploration is per-

formed by following interdisplay links, which activate tabl
expansions or contractions.

e[12]

Given its hypertextual nature, the proposed interaction

structure is also suitable as a methodological framework

the definition of user interfaces in innovative environment

(as the World Wide Web).
References

for

[1] C. Ahlberg and B. Shneiderman. Visual information
seeking: Tight coupling of dynamic query filters with [14]
starfield displays. I'lCHI '94 |, pages 151-164, ACM,

New York, 1994.
(2]

M. Angelaccio,
Qbd*:
sion.

16(10):1150+, 1990.

T. Catarci, and G. Santucc
a graphical query language with recu

[3]
manager. IrProc. IEEE Intl. Conference on Data En
gineering pages 151-164, Los Angeles, USA, 1986.

i.[15]
r_

IEEE Transactions on Software Engineering

[16]

D. Bryce and R. Hul. Snap: A graphics-based schema

[4] S.K. Card. Visualizing retrieved information: a survey.

IEEE Computer Graphics and Applicatigns6(2):63—
67, 1996.

fied view of data. ACM Transactions on Data Base
Systemsl(1), 1976.

and navigation tool for multi-attribute listings. @HI
'92, pages 293-294, 1992.

] I. F. Cruz, A. O. Mendelzon, and P. T. Wood. A

graphical query language supporting recursion. In
Proc. ACM-SIGMOD Conference on the Management
of Data, pages 151-164, 1987.

R. Elmasri and G. Wiederhold. Gordas : a formal high-
level query language for the entity-relationship model.
In Proc. 2nd Intl. Conference on the Entity Relationship
Approach pages 49-72, 1981.

M. Gyssens, J. Paredaens, and D. Van Gucht. A graph-
oriented object model for database end-user interfaces.
In Proc. ACM-SIGMOD Conference on the Manage-
ment of Datapages 24—33, Atlantic City, USA, 1990.

ays, .
dynamically generated on the basis of: (1) window dimerilo] L.V.S. Lakshmanan M. Gyssens and I.N. Subramanian.

Tables as a paradigm for querying and restructuring. In
Proc. of IEEE 1996 Symposium on Visual Languages
pages 93-103, 1996.

R. Rao and S.K. Card. The table lens: Merging graph-
ical and symbolic representation in an interactive focus
+ context visualization for tabular information. GHI

94, pages 318-322, 1994,

G. Santucci. On graph-based interaction for semantic
query languages. IRroc. of IEEE 1996 Symposium on
Visual Languagegages 76—83, 1996.

3] G. Santucci and F. Palmisano. A dynamic form-based

data visualizer for semantic query languagesSdmwyer
P (ed) Interfaces to Database Systepages 249-265,
1994,

G. Santucci and L. Tarantino. A hypertabular front-
end for the visualization of query resultunpublished
manuscript 1996.

G. Santucci and L. Tarantino. To table or not to table:
a hypertabular answerSpecial Issue on Information
Visualization, Sigmod Recqrad5(4), 1996.

L. Tarantino. Hypertabular representations of database
relations in world wide web front-ends. (Barclay, P.

and Kennedy, J. eds) Interfaces to Databases (IDS-3)
Springer Verlag, 1996.



