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Abstract. Oneof thevisionsof mobilecomputingisto put “al information at the user’ sfingertips’ —toallow
auser to operate on any data, any time, anywhere. Theideaisto create an information environment providing
the homogeneous access to all data and services available in the distributed, mobile computing infrastructure.

A fundamental requirement for the access to such an open, distributed information systemisan intelligent
selection of methods for information visualization based on user requirements and available display function-
ality.

In this paper, a flexible concept is proposed that allows to enrich the nodes of an information structure
with information about which aternative display methods can be used for what parts of the node. Thesefacets
are then used by arecursive view generation process for selecting suitable display methods while creating a
visuaization of an information structure. Influence parameters such as user characteristics, display resources,
and data properties can be used to guide the selection processin order to create a presentation that optimally
meets the user’s goals.

1 Introduction

One of the visions of mobile computing isto put “al information at the user’s fingertips’ —to allow a user to
operate on any data, any time, anywhere. Theideaisto create an information environment providing the ho-
mogeneous access to all data and services available in the distributed, mobile computing infrastructure. The
term “Infoverse” will be used to denote this information environment. The Infoverse can be seen as an ex-
tension of the“Docuverse” concept defined by T. Nelson [1, 2], adistributed hypermedia structure containing
and interlinking the entire human knowledge'.

The typical infrastructure of a system for the mobile access to the Infoverse consists of amobile end sys-
tem (MES) equipped with a wireless data communication facility, and a stationary data server (SDS) that is
attached to both the wireless communication link and stationary high speed networks (cf. Figure1). A typical
MES might beaPDA (personal digital assistant) usingaGSM mobile phonefor wirel essdata communication.
The SDS gives the MES access to the distributed multimediainformation services available in the stationary
network infrastructure. Suchinfrastructuresare used for field service applications[5] aswell asfor distributed
personal information management scenarios[6].

The main task of the MES is to provide a suitable user interface for these services, which means both
information visualization and the support for direct interaction with these presentations.

I Today, the World-Wide Web [3] provides some — but not all — of the linking functionality defined for the “Docuverse” using “tum-
blers’ [4].
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Figure 1: Typical wirelessinformation infrastructure

The wireless infrastructure shown in Figure 1 presents some well known challenges for this task, which
require special attention:

o Limited bandwidth of thewirelesslink (e.g., 9.6 kBit/sec. in case of GSM); high bandwidth variability.

o Limited computation and storage resources of the mobile end system.

¢ Heterogeneous end system resources introduced by users using different end systems at different times
(e.g., amonochrome PDA on abusinesstrip, afull color graphics workstation at the office.)

On the other hand, there is the challenge of the openness of the information environment — any time a new
service (i.e.,, a new data type with accompanying operations) can be added to this environment. Therefore,
the MES must be prepared for situations, where the user dynamically wants to access (and operate on) data
entities of atype unknown to the MES. The MES should be intelligent enough to upgradeitself with the func-
tionality required for giving the user interactive accessto this data. Thisrequiresa suitable data model for the
information environment which provides awell defined way for adding new data types with their associated
functionality for presentation and interaction. The MES uses this type information for determining what and
how to upgrade.

With respect to the visualization functionality, it isimportant to support the flexible handling of alternative
presentation methods. In the area of scientific visualization, it isawell known fact that different visualization
methods show different aspects about the same data set [7]. Which visualization method to chose is a non-
trivial process that depends on the user’sinformational needs, the characteristics of the data set to visualize,
and the properties of the user’s end system [8].

Especially for a mobile user, data accessis expensive both in terms of time (due to the low bandwidth of
wireless links) and money (due to the high cost of each transferred byte). Therefore, it isimportant to give
a user the best value for his expenses — which means to let the user extract as much information as possible
form a data set whose transfer he has paid for. Thisin turn means to support the selection of a visualization
method best satisfying the user’sinterpretation goals. Also, the user should have the ability to switch between
different alternative methods in order to extract the various informations buried in the data set.

Another point is the flexible handling of heterogeneous end systems: on a low-resolution monochrome
display, different presentation techniques have to be used than on a high-resolution color display (e.g., 2-D
black & whiteiso-line drawingsinstead of acolor coded 3-D height map — cf. [8]).

The point of thispaper isto propose aconcept for theintelligent handling of the visualization of multimedia
information structures on heterogeneous end systems within the context of the Infoverse.

The central ideaisto enrich the nodes of an information structure with information about which alternative
display methods can be used for what parts of the node. These facets are then used by arecursiveview gener-
ation process for selecting suitable display methods while creating a visualization of an information structure
that is optimized with respect to user requirements, display characteristics and data properties.



The facet concept is embedded into a flexible, frame-based end-user data model. This model does not
only support the browsing of distributed structured multimedia documents (“hypertext”), which have been
deliberately created for this purpose by authors, but al so the dynamic annotation, structuring, and composition
of information. Thisis required to allow a user to embed his own working data into the global information
environment.

The further structure of this paper isasfollows:

Section 2 provides an in-depth analysis of the properties of a data model for the Infoverse, for whose in-
stances a visualization system will have to provide suitable rendering facilities.

In Section 3, the concept of facets is developed and embedded into the data model identified in Section 2.

Section 4 covers additional issues of the facet concept relating to the detailed construction of the selection
functionality.

A concrete application of the facet model is described in Section 5.

Finally, asummary and plans for future work are given in Section 6.

2 The underlying data model

Before developing a visualization concept for presenting the data in an information system, it makes sense
to analyze the system’s datamodel. This especially holds, if visualization information needs to be embedded
into this datamodel.

The visualization model proposed in Section 3 is embedded into a datamodel that uses frames asthe basic
construct fore representing structured multimedia information. Frames are essentially unordered collections
of slots, name and value pairs. (A more detailed discussion is given in Section 2.2.)

21 Why Frames?

One reason for choosing a frame-based model as starting point is clearly pragmatic: The concepts outlined
in this paper have been implemented on Apple’s “ MessagePad” series hand-held computing devices. These
machines use a software architecture entirely relying on frames for representing data and applications [9].
Delivering data to a MES using a structuring mechanism that directly corresponds to its internal data model
obviously reduces the amount of work that has to be performed by the MES for the mapping of external data
into a representation that can be efficiently handled by itsinternal data management facilities.

However, whilethis pragmatic reason justifiesthe approach taken for aspecific MES software architecture,
there are also considerations of a more general kind that seem to justify the use of aframe-based data model
asageneral datamodel for the Infoverse.

Originally, frames have been devel oped as a means for knowledge representation in artificial intelligence
applications[10]. Powerful frame representation languages have been developed as early as 1977 (e.g., FRL
[11]). From this application area, frames have inherited the ability to cope with structured, fast changing in-
formation — asit also existsin the Infoverse.

Incidentally, other application areas for frame models, besides knowledge representation, have been
Hypermedia-based information management systems’ (e.g., [12] and Oval [13]) and personal information
management systems, such as the M essagePad.

Therefore, it seems appropriate to assume aframe-based model as underlying datamodel for the Infoverse
rather than starting with the less expressive data model provided by the current incarnation of the Infoverse,
the World-Wide Web. (See also [14] for a more detailed discussion of this point.)

Following, we give abrief outline of the essential properties of the frame model used in our work.

2.2 Theframe model
The specific frame model described here isbasically the one provided by the M essagePad’s object system[9],
which in some aspectsisasimplified version of the object system built into the language Self [15].

2The whole concept of Hypermedia is quite close to a simplified frames model. Just replace the notion “ Slot” by “Link”.



Asfar asthis paper is concerned, aframeis— quite similar to an object — an entity with a unique identity
that contains a set of name/value pairs (“slots’). Among conventional data types, frame references may be
slot values, so that frame structures can be created. Also, slot values can be functions, which may be invoked
by message passing. Finally, frames can use other frames as prototypes, from which they inherit.

Asan example for working with frames, consider the frames p and q, defined as follows?:

{a: 1, f: func() a+b};
{_proto: p, b: 2}

p :
q :
p isaframe with two slots, a, which contains an integer, and f , which containsa function. q isaframewith
two slots, _pr ot o, containing a frame reference (q’s prototype), and b, containing an integer. So q inherits
fromp. Asonewould expect, g. b givesthevalue 2, g. a thevalue 1. The messageinvocationq: f () gives
3. Here, thevalues of f (and a, which is accessed in f ) are inherited from p. The assignmentg.c : = 3
creates anew dot ¢ withthevalue3inq (so, q. ¢ now gives3). Theassignment g. a : = 4 overridesthe
dot a inherited fromp, sonow q. a = 4,andq: f () = 6, but still p. a = 1.
It isalso possibleto define aframe

r :={f: func() a*b)}

and change q’sprototypeby assigningq. _proto : = r.Sonowq: f () = 8, becausethistimef isinher-
ited fromr .

So, frames can be basically be regarded as “ objects with dynamic instance variables and dynamic inher-
itance”. They provide a dynamic environment that allows the user to flexibly create, augment, and modify
information structures to suit his personal needs.

Asfinal remark, note that the frame model is nothing “new”. It is not the claim or goal of this section to
introduce a new datamodel. The interesting point made here is rather that in order to integrate personal data
management into the Infoverse, one needs a data model that is substantially stronger than what is currently
anticipated in, e.g., the World-Wide Web. The frame model has been picked from arange of existing data
models merely as an especially promising candidate.

In the next section, the central proposal of this paper, amodel for supporting the flexible visualization of
frame structures, will be introduced.

3 Frame Visualization

3.1 Basicframevisualization
Becauseframesinherently provide runtimeinformation about their slotsand the val ue types contained therein,
it isin principle possible to create a mechanism for the automatic display of arbitrary frame structures —very
similar to the “Pretty-Printing” facilities of LISP [17], such as described in [18]. The availability of such a
mechanism isvery important in an environment, where anytime the user may encounter unknown frame struc-
tures.

However, this basic concept assumes the visualization methods for each value type to be fixed. Within
the Infoverse, this is unacceptable. As outlined in the introduction, alternative display methods have to be
supported at least for the following two reasons:

¢ Depending on the available presentation resources, different display methods have to be selected for the
same data.

o User preferences for different visualization methods should be observed. Also, the user should be al-
lowed to switch between visualization methods in order to see different aspects of the same data.

3The frame language syntax used throughout this document is based on NewtonScript [16], using the following conventions: The
notation“{s; : wv;, ...}" denotesaframewithslots s;, whichhavevaluesv;. “[ v;, ...] ” isalistof valuesv;. “ f. s” denotesthe access
of f'sdotsand” f. s : = »" istheassignment of thevaluew to f’sdot s. “func(z;, ...) body” denotesfunction with parameters
x;. Functions arelegal slot values. “ f: m(a;, ...) " denotes theinvocation of the function stored in f.mm with parametersa; (i.e, a
method invocation). For slotswithin the lexical or inheritance scope of the current expression, the“ f.” prefix can be omitted.



A possible solution is, for example, provided by systems such as Oval and HyperPicture[19]. Here, the run-
time system (“ Session Manager”) knows a number of alternative visualization methods for each data object.
Upon object display, an appropriate method is sel ected based on user preferencesand resources. The user may
afterwards switch between different methods.

Unfortunately, this solution is not sufficient within the scope of aglobal information system: The display
methodsknown to the creator of aframe structure may not necessarily be knownto alater user of thisstructure.
In addition, it is usually not known which slots contain “interesting” information and which ones are merely
used for internal purposes.

Therefore, each frame should be able to provide information about the display methods useful for visual-
izing frameinformation. This approach is used in principle by NewtonScript: The display method to be used
for aframe can be defined by the frame’s _pr ot o-dot.

The solution concept proposed in this section isessentially a unification of these two techniques, based on
the concept of facets.

3.2 Facetsand views
The extended visualization model consists of the following elements:

Facets. Facets have two tasks:

o They define groups of dotsthat can be presented together in a meaningful way.
o They can map these slot groups to display methods that are appropriate for visualizing the slot
values.

The ideaisto use a frame's facets for determining which information of the frame to display and how
to do the rendering.

Display methods. A display method is the definition of a function which is able to visualize a set of values
with a given structure (e.g., a string and a list of integers). A display method is applicable to a frame,
if the frame matches the structural constraints of the display method. These constraints are defined by
the set of slots the frame must contain and the types of the values contained in these dots.

Facet views. Facet viewsdisplay afacet of aframe using aspecific display method. Also, they allow the user
to switch between the different display methods applicable to the presented facet.

Frameviews. Frame views are responsible for orchestrating the display of the various facets of aframe. In
addition, specialized frame views can be provided for presenting sets of frames. For this case, they may
support layout techniques such as tables or graphical overviews (“structure maps’) and the consi stent
selection of facets across the whole frame set.

3.3 Facet declarations

Every frame may include facet declarations which the visualization system expects to find in a slot named
facets. Thevalue of aframe’'sf acet dotisafacet declaration frame. Each slot in the facet declaration
frame contains a facet declaration, the slot name of a facet declaration isthe facet name. A facet declaration
isitself a frame consisting of an (optional) template definition (aslot named t enpl at e) and an (optional)
display method definition (aslot named di spl ay).

The content of a template definition is a frame whose slots contain value expressions. These value ex-
pressions may be constants, functions with a single parameter, and “ path expressions’ suchas’ a. b. c¢. Path
expressions allow to “pull” aslot buried deeper in the frame structure upward into the template frame.

When the view system creates the visualization of a frame's facet, it does not apply the facet’s display
method directly to the frame. Rather, it instantiates the facet’s template from the frame and appliesthe display
method to the instantiated template frame. This allows to define (quite arbitrarily) derived frame structures,
whose contentsis better suited for afacet’s visualization problem than the original dataitself (see Section 3.5
for a detailed example).



Thedi spl ay dot of afacet declaration defines the set of display methods that are — from the frame cre-
ator’s point-of-view — applicable for presenting the instantiated template frame. The value of this slot can
be:

¢ The name of asingle display method.

¢ A frame whose dlots contain alternative display methods (the slot names are the alternative’'s names).
The value of an aternative method slot may be a display method or again a frame that contains a
nmet hod dot, whose value is the desired method, and other slots that will be passed as parameters to
this method (see Figure 3 for an example).

Consider the following frame:

f:={
facets: {facetl: {tenplate: {string: ’'stringSlot},
di splay: {sinple: ’'sinpleFraneD spl ay,
fancy: ’fancyFraneDi spl ay}}
facet2: {tenplate: {nunmber: 'nunberSlot}
di spl ay: ’nunber FrameDi spl ay}},
stringSlot: "Some Text",
nunber Slot: 1234}

This frame defines two facets, f acet 1 and f acet 2. Thet enpl at e-dlot of f acet 1 defines a single-
dot template frame that will contain the value of f . st ri ngSl ot upon instantiation, and which should be
displayed using either the display method si npl eFr anebi spl ay or f ancyFr anebDi spl ay. f acet 2
will display thevalue of f . nunber Sl ot , using the display method nunber Fr anebi spl ay.

3.4 Theview generation process

The view generation process is defined by the three core functions bui | dVi ew, bui | dFr aneVi ew,
bui | dFacet Vi ew, and therespectivedisplay method, which call each other recursively. A rudimentary de-
finition of the core functions and a sample display method is given in Figure 2, using NewtonScript inspired
pseudo-code. Based on these functions, the visualization system proceeds as follows when called through
bui | dVi ewwith avalue (e.g., aframe structure) to visualize:

e bui | dVi ew determines if the value to visualize is structured (i.e., a frame) or simple and calls the
respective specific view creation function. (Thepar ent Vi ewparameter containsthe view into which
to embed the view created for val ue.)

o For frames, thefunctionbui | dFr aneVi ewiscaled. It first createsachild view that will contain the
frame's different facet views. Then it selects the first facet to visualize, instantiates its template, and
callsthe function bui | dFacet Vi ewwith the instantiated template frame.

¢ bui | dFacet Vi ewselectsan appropriate display method using the facet declaration’sdi spl ay sot
and possibly information about additional local display methods that may be applicable. It then cals
the selected display method with the instantiated template frame. (Facet and display method selection
are further discussed in Section 4.)

¢ The display method is responsible for displaying the instantiated template frame in asuitableway. The
sample method si npl eFr ameDi spl ayMet hod simply iterates over all dotsin the template, creat-
ing alabel and avalueview for each one. Thevalueview iscreated by recursively callingbui | dVi ew,
thereby closing the circle.

35 Anexample
Thissection givesasmall exampleillustrating the use of the facet model. In Figure 3, asampleframe structure
including facet declarationsis given. The different renderings of this frame structure generated by choosing
different facets and display methods are shown in Figure 4 to 6.

This frame structure illustrates the following features of the facet model:



bui |
if

bui |

dVvi ew. func(parentView, val ue)
I sFrame(val ue)
t hen bui | dFr ameVi ew( par ent Vi ew, val ue)
el se bui |l dl medi at eVi ew par ent Vi ew, val ue)

dFraneVi ew. func(parentView frane) begin

chil dVi ew : = bui | dFr aneCont ai ner ( parent Vi ew) ;

facet := sel ectFacet(frane);

tenplate : = facet.tenpl ate;

instTpl Frane : = instantiateTenpl ate(tenpl ate, frane);
bui | dFacet Vi ew( chi | dVi ew, i nst Tpl Frane, f acet);

end

bui |
di

dFacetVi ew. func (parentM ew, instTpl Frane, facet) begin
spl ayMet hod : = sel ect D spl ayMet hod( f acet);

cal |l displayMethod wi th (parentM ew, inst Tpl Frane)

end

si npl eFr aneDi spl ayMet hod: func(parent Vi ew, i nst Tpl Frane)
foreach slot,value in instTpl Frane do begin

bui | dSI ot Label Vi ew par ent Vi ew, sl ot ) ;
bui | dVi em par ent Vi ew, val ue)

end

Figure 2: Core functions of the visualization system

The declaration of multiple facets for a frame (e.g., the sal es and ovi ew facets for the top level
frame).

The declaration of multiple display methods for afacet (e.g., thef ancy and si nmpl e display methods
inthesal es facet of theframesf st ruct . t bl andf struct.y. c).

The use of deep-structure value access in the definition of afacet’'s template (e.g., the mslot of the top-
level frame’'ssal es facet template). Note how thisisused to create adisplay that presentsthe message
fstruct.y.c andthetablefstruct.tbl atthesame level in Figure 4. Compare this with the
direct rendering of the frame structure in Figure 6.

The use of on-the-fly computations in the definition of a facet's template (e.g., the v dot of
fstruct.y’'sfacets. ovi ewtemplate, which sums up the individual unit numbersin the frame's
a dot, displaying agrand total to the user).

Once displayed, afacet view allows a user to dynamically switch between different display methods for the
same facet, as shown in Figure 4. Note that the visualization layout may change in response to switching a
display method.

Figure 6 shows arendering generated by choosing no facetsand display methods. Inthis case, the original
frames are directly used as instantiated templates, whose slots and values are displayed using standard meth-
ods. Notethat thisisalso donewith frameslacking facet or display-method definitions, such asf st ruct . z.
This defaulting mechanism allowsto handlethe display of arbitrary frame structureswithout requiring the au-
thor to spend extensive thoughts on useful facet definitions. These can easily be added at alater time.

4 Display method selection and execution

In this section, we discuss how display methods are selected, and how an optimal execution of a display
method’s presentation pipeline can be planned.



fstruct :=
{facets: {sales: {tenplate: {m ’'y.c, t: "tbhl}},
oview {tenplate: {a: 'y, b: ’z}}},
x: 1, /* sone internal value of no interest to the user */
y: {facets: {oview {tenplate: {m "Conpany total sales (units)",
v: func(f) begin
| ocal s:=0;
foreach v in f.a do s:=s+v;

S
end}}},
a: [400, 280, 460, 380],
c: {facets: {sales: {tenplate: {text: ’bla},
di splay: {fancy: {method: ’directTenpl ateView,
...I*fancy text style parans*/},
sinmple: {nethod: ’directTenpl ateVi ew,
.../*sinple text style parans*/}}}},
bl a: "Sales Report:\nHere is the recent ... "}},
tbl: {facets: {sales: {tenplate: {value: 'dta},
di splay: {fancy: ’'graphTabl eView, sinple: 'textTableView}}},
dta: [["Sales", "1993", "1994", "1995", "1996"],
["Prod. A", 100,110, ...], ...]1},
z: {m "Company sales area", p: ... /* Inage Reference */}}

Figure 3: Sample frame structure

#Facet Solez (Fancv) #Facet Solez (Simple)

m: Sales Report: m: Sales Repart:
Here is the recent vear's sales data for A, :E"E '5hthEJ:.TElt }“Zaar ;53"3; data for & B, a";d =
E. and , Mote that while & and B have ate thatwhile A and & have become more or less

ztable zince the drop in 1994, C still neads
attention.
t: Sales 1993 1994 1995 1996

becarme mare or less stable since the drop
in 1994, C still needs attention.

t [Prod C Prod. & 100 110 150 160
Prod.B: 120 100 150 140
Prod.C: 180 70 160 &0
Prod. B: =
Prod. i
1993 1994 1995 1996

Figure 4: Display of facet sal es using display method f ancy (left) and si npl e (right)

4.1 Determining the effective method set

Thefirst step in selecting a display method for afacet isto determine the facet’s effective method set.
Because of the Infoverse’'s openness, a user’s end system may contain display methods that are not con-

tained in the frame's facets (and vice versa). Therefore, the set of display methods applicable to a frame's

facet have to be computed dynamically. With respect to computing the effective set of display methods for

afacet, the simplest choice is to intersect the facet’s method set with the set of applicable methods that are



#Facet Dverview #Facet MNone

a: |m: Company total zales {units) 1
v 1520 woo (ar  =EdAbravEE
b: (m: Company sales area £z [bla: Sales Report: Here is the recent wveat's 24
p: thl:|dta=<&rrawv==
2z: ([ Company sales area
p:
Figure 5: Theovi ewfacet Figure 6: Using standard visualization

available locally. (A display method is applicable to a facet, if its structural constraints are matched by the
facet'sinstantiated template frame.)

If the intersection isempty, the system may decideto dynamically down-load one or more of the unknown
display methods named in the frame's facets*.

The visualization system may also choose to offer local applicable methods that are not contained in the
facet declaration’s method set as additional alternatives.

4.2 Selecting a method

After computing the effective method set, the optimal display method has to be selected from this set. This
selection depends on various influence factors such as goals, preferences, and capabilities of the user, time
and quality demands of the user, resources of the mobile environment, and rendering properties of the display
method.

In scientific visualization, several different techniques for the selection of suitable visualization methods
have been proposed. Possible approaches are ruleinference systems, sets of functions (see, e.g., [8]) or acom-
parison of cost and benefit (see, e.g., [21]).

In the facet model, the set of display methods varies dynamically with the selected facets and their ef-
fective method sets. Therefore, a selection mechanism is required that allows the dynamic composition of
method specific selection functionality. Rule inference systems do not meet this criterion, because the effect
of composing partial rule systemsis difficult to predict.

Using a cost-benefit-approach, both cost and benefit of adisplay method are separately described by func-
tions. A display method isidentified as suitableif its cost-benefit-ratio is high enough. The problem with this
approachisto find a suitable common measure for relating cost and benefit (see[22] for adetailed discussion).

Therefore, we are using a function-set approach, which describes the suitability of display methods with
respect to theinfluence factors by independent, method-specific suitability functions. Thefollowing influence
factors are used as input parameters for these functions:

e User characteristics and goals. This includes information about the user (e.g., is he able to perceive
color) aswell as hisinterpretation goals (e.g., discovery of correlationsin the data set®).

o Datacharacterigtics. Thiscontains meta-data about the information to visualize. For multivariate data,
thisincludesinformation such asthe number of variables, the number of observations, the average num-
ber of different values per variable, and the maximum number of correlated variables.

4This down-loading is supported by the mobile frame model outlined in [20].
5For amore detailed description of interpretation goals and their influence on the selection process see, e.g, [23] or [24].



o Mobile client display resources. This includes properties such as the display hardware characteristics,
e.g., the number of pixels and number of colors.

The suitability functions of the various display methods map these parametersto suitability values, which are
then used to select the appropriate method. Formally, this selection process can be described as follows:

Let U bethe set of user characteristics, R the set of resource characteristics, and D the set of data charac-
teristics. The set of characteristic values C' is then defined as

C=PUxPRxPD,

where P X denotes the set of all subsets of the set X'. Furthermore, let M be the effective method set, G the
set of interpretation goals, and S an ordered set of suitability values. For each method m € M, we can then
introduce a suitability function

fm O xG— 5,

which assigns suitability valuesto pairs of characteristicsc € C'andgoasg € G. So f,, (e, g) describes how
well method m is suited for fulfilling goal ¢ under the characteristics c.

Theuser can specify hisinterpretation goal s by assigning satisfactory suitabiliti es— elementsof S —tothe
goasin G, giving aweighting function

w:G—= 5.

Givenacharacteristicsc € €' and aweighting function w, the suitability functionsdefineapartial order > . .
onthemethod set A/. Thispartial order isdescribed by first introducing amethod’s specific suitability as, e.g.,

sm(c, w) = ZgEG min(fm (¢, g) — w(g), 0).

This function assigns 0 to methods reaching the satisfactory suitabilities specified by « and negative values
to less suitable methods. The order isthen defined by:

VYm,m' € M :m > w) m < sp(c,w) > sy (c,w) Vm=m'

(Inother words, methodsare ordered by their specific suitability, asonewould expect.) Theorder ispartial, be-
cause different methods may have the same suitability value. For automatic method sel ection, the best method
(i.e. the largest with respect to > .. ,,) is chosen. (If more than one method qualifies as best, the method ex-
ecution costs described in Section 4.3 are used as additional ordering criterion.) For user controlled method
selection, those methods are provided whose specific suitability is larger than a certain threshold.

New display methods can easily be added to this selection process, as it is only required to define new
suitability functions f,,,. Thedesign of the suitability functionsisanon-trivial task, however. At the moment,
thisis done heuristically by the devel oper of the technique or by avisualization expert and then evaluated by
user testing.

4.3 Display method execution
After the selection of the display method, its execution on the network infrastructure has to be planned.

For complex rendering tasks, the display method is often not a single process but a chain of processes,
which is referred to as visualization pipeline (cf., e.g.[25]) or presentation pipeline (cf. [22]). It transforms
the abstract information stored in the frame's slotsinto a concrete visual representation. In order to do that, it
usually includes pipeline processes such as “data subset selection”, “mapping of abstract to geometry data’,
“rendering of geometry data’, and “ presentation of the rendered data”.

With respect to the constrained computation resources of mobile clientsand thelow bandwidth of wireless
networks, it isnow an interesting ideato partition this pipeline between MES and SDSin order to make best
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use of the available resources, asoutlined in [26]. (Thisisaspecial case of the general concept of application
partitioning, which is exploited in mobile computing. See, e.g., [27, 6].)

We call the all ocation of the presentation pipeline processesto MES (client) and SDS (server) presentation
pipeline partitioning. Figure 7 illustrates theidea: The presentation pipelineis partitioned between MES and
SDS by inserting a network transmission process between pipeline processes P, _; and P;,. The problem is
now to determine the optimal partitioning point & and whether or not to use data compression.

P;  Pipeline processes ¢ Compression process
D;  Input dataof process P; U  Decompression Process
N Network transmission D. Compressed Data

Figure 7: The presentation pipeline partitioning problem

Thisdecision isbased on suitable cost functions modeling the processing and communication costs for the
various pipeline elements with respect to the machine they are executed on. For a simple pipeline execution
model —i.e. non-parallel processing and zero cost for local transport —thetotal costs can formally be described
asfollows:

Let¢(d, p, h) denote the time process p requires for processing data d on host 2. Then the time spent on
the server (SDS) for apipeline split at & is given by

T (k) = Zfz_ol t(D;, P;, Server).
Thetime spent on the client (MES) is
Tc(k’) = Z?:k t(DZ', Pz’, Client).

Thetime spent for network transport depends on whether compression is chosen or not. Let m(d) be the cost
for moving dataitem d across the network. Then the communication cost are given by

To(k,a) = (1 —a)*m(Dg) + o (t(Dy, C, Server) + m(D¢) + t(De, U, Client)),

where o € {0, 1} chooses between compressed or uncompressed transfer.

Thetotal cost functionisthen givenby T'(k, o) = T, (k) + T (k, &) + T (k) and the goal isto find the
pair (ko, ag) where T'(ko, ag) isminimal.

The main problem hereis of course the definition of ¢(d, p, ), asthistask has no analytic solution in gen-
era ([21]). It furthermoredepends on adetail ed resource description aswell as on the concreteimplementation
of pipeline processes. We plan to use suitable heuristics for this purpose; ongoing work in the MoV project
is expected to provide these.

5 A sample application

In this section, we describe a concrete application that is being developed in cooperation with the forestry
commission of Mecklenburg-Vorpommern, a Land of the Federal Republic of Germany.

Theforestry commission maintainsarelational database containing information about the variousforestry
digtrictsinitsarea. Thisinformation needsto be availableindoors, on the stationary computers of the various
forestry offices, as well as outdoorsto forest wardens when examining the state of a district.
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Within MoV 1, we have built a prototype application for accessing this data using stationary PCs indoors
and “MessagePad” PDAs when outdoors. The facet model is used to embed the various visualization options
for this heterogeneous environment into the data.

5.1 Data set and user accessrequirements
Organizational, each forestry district is divided into departments, which themselves are subdivided into areas.
Areas areas consist of a number of sections, the atomic unit of aforest district.

The forestry commission’s database (FCDB) contains information at section resolution. A number of as-
pects of a section, relating to section state and section utilization, are stored in the FCDB. With respect to
section state, aspects such as growth class, pollution damage, tree variety, and section size are stored. Typical
section utilization aspects are production goal, access frequency, and national park zone.

A record of the FCDB basically consists of a section key and a value for each of the various aspects. For
asingle district, there are typically about a thousand sections (i.e., records).

The goal of the prototype wasto provide the following features:

o Allow information access at department level granularity, providing either an overview of the whole
department state or a detail presentation showing the state of each area and section in this department.

o Allow the user to access department information by simply clicking on a display of the district map.
Also, the user should be allowed to switch dynamically between the detail | evel sand between the aspects
displayed.

o Allow information access either through stationary PCs or through mobile PDAS.

o Support the specific display characteristicsof thedifferent end systems (e.g., color for the stationary PC,
monochrome in case of the PDA)

The next section discusses the techniques chosen for implementing these visualization requirements on the
different end-systems.

5.2 Visualization strategy
Figure 8 and 9 show atypical display of the PDA-based front-end. The presentation of a detail view on the
PC front-end is shown in Figure 10.

The department overview (Figure 9) is shown asstandard pie chart. A detail view (Figure8 and Figure 10)
is presented as two-dimensional icon, using akind of row/column layout. The major dimension encodes the
area, the minor dimension encodes the section. In order to optimize the use of screen real-estate, the major
dimension is chosen in direction of the larger screen dimension, because there are usually more areas in a
department than sectionsin an area. So for the PDA, column magjor layout is used, while row-major layout is
chosen for the PC.

For presenting the different aspect values, color coding is used for the PC and pattern-coding for the PDA's
monochrome screen.

The department view’s [E] ([O]) button allows to switch between overview and detailsview. The[Zeige]
(=show) button allowsto select the aspect to display. Thecurrent aspect (e.g., “ Zustand.Baumart” = state.tree-
variety) isdisplayed in the arealeft of the button.

Also, in order to allow a user to change screen layout to better suit his needs, data view and the optional
legend view are presented using draggablewindows onthe PDA. On the PC’slarger color screen, the complete
district map isvisible so that the data view can be directly overlayed onto the selected department. Also, the
legend can be displayed permanently in a fixed area beside the map.

Next, we outline the frame structure used for creating these visualizations.

5.3 Useof the facet model
The mapping of the FCDB data to a corresponding frame structure has been straightforward: Each section
record is represented as a frame with a slot for each aspect. An area is represented by a frame with a slot
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Figure 8: PDA detail display Figure 9: PDA overview display

containing an array of its section’s frames, and a department is a frame containing an array of sections. In
addition, the frames contain facet declarations (see Figure 11).

A department frame contains facets for presenting overview and detail views. This facet is selected with
the [E]/[O] button as explained above. Note that there is no template for the det ai | s facet, meaning the
whole department frameis used as its own templ ate.

An area frame contains only a single facet for presenting the area’s sections. When visualizing an area
frame, this facet is always selected. A section frame contains a facet for each aspect slot with atemplate ref-
erencing only this aspect dot. The facet to display for all section framesis selected by the [Zeige] button.

The display method selection is fixed by the type of end system: for the PDA, the mp methods are used
and the pc methods for a PC.

5.4 Implementation state
Both PC and PDA front-end are fully functional stand-alone applications, where the FCDB datais stored in
nativeformat “on-board” of the end-system. The next step will be to provide them with suitable (e.g., wireless

in case of the PDA) communication mechanismsfor retrieving “live data’ from the FCDB. The end-system’s
on-board store then will be used as a cache.
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departnent : = {
facets: {oview {display: {pc: ’'colorPiechartView,
np: ' nmonochromePi echart Vi ew} .
tenplate: {totals: func(f) begin
/* conpute an array of totals
for the district’s sections
and current section facet */
end}},
details: {display: {pc: 'areaRowwhjor Vi ew,
np: ' areaCol uimMaj or Vi ew} }}
areas: [ ... ] /* Array of area frames */}

Figure 11: Part of application frame structure

6 Conclusion

6.1 Summary

The purpose of thispaper has beento introduce aflexible presentation model for open, distributed information
systems. This model should allow to embed presentation information into distributed data structures, while at
the same time supporting the flexible and dynamic choice between alternative presentation methods, based,
e.g., on user preferencesand display characteristics.

In the first part of the paper, the essentia aspects of an open, distributed information system, especially
from the viewpoint of a mobile user, have been analyzed. These considerations have been based on the in-
tegrative concept of the Infoverse. An important observation has been that in order to support manipulation
functionality in the Infoverse—whichisrequired at least for embedding personal information management —a
suitably expressivedatamodel isrequired. It hasthen been argued that “frames” could be apossible candidate.

The second part of the paper has concentrated on the definition of a suitable visuaization model and its
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embedding into the basic frame model. The central idea of the visualization model has been to enrich frames
by the concept of facets. A facet mapspartsof aframeto aternative presentation methods, providing theinfor-
mation required for choosing which parts of aframe can be displayed meaningful and how to do the rendering.
This choice may be influenced by user requirements, data characteristics, and display capabilities.

6.2 Futurework
Thevisualization process of the facet model introduced in Section 3 has been implemented on a M essagePad.
The screen-shots in this paper have been generated by applying this implementation to the frame structure
shown in Figure 3.

However, while the fundamental viability of the conceptsintroduced in this paper is proven by thisimple-
mentation, there still remain numerous open questions. Some of them are outlined bel ow.

o Obviously, the concrete definitions of the selection functions and their parameters, as outlined in Sec-
tion 4 is an important part that is yet missing. (Currently, preferences for facets and display methods
are selected by hand.) Ongoing work in MoV 1 is expected to provide a solution here.

¢ Another important aspect is geometry management and the parameterization of display methods: it de-
pends on the user’sentry point into aframe structure, at what level in the display hierarchy aframewill
be displayed. Thisinfluencesthe amount of spaceavailablefor displaying facets of thisframe. Sothere
must be a mechanism for describing and handling the dynamic layout of display methods over a broad
range of available “screen real estate”. Because switching facets may change the space required for a
view, this geometry computation must also be carried out for views while they are displayed.

o A related aspect is the definition of layout constraints between different component frames in a com-
posite frame. Such aconstraint may read, for example, “component frames « and b must always be dis-
played side by side using the same facets’. The definition of such constraintsis especially required for
the description of the coherent rendering of frame structures representing compound multimedia doc-
uments. In the terminology of MHEG, a suitable constraint mechanism effectively alows to overlay
(and merge) multiple final form presentations over the same data structure.

o Finally, besides the plain selection of a visualization method, another important aspect is to decide at
what time to present which components of a structured data set. This decision depends on the user’'s
shifting focusof interest and directly influencesthe scheduling of requestsfor the data set’scomponents.

It ispossible to exploit the specific processing sequence of frame visualization and the frame struc-
turefor ahigh level optimization of networked frame access. Specifically, the following techniquesare
easy to support in a network scheduler:

Prefetch: Because the frame structure can be analyzed automatically, it is possible to support prefetch
based on such astructura analysis: While aframeis being displayed and the system is otherwise
idle, pointers to other frames may be extracted from the frame’s dlots and followed, prefetching
the destination frames to the user’sterminal system.

Structural detail-on-demand: For component frames containing less important information, the ac-
cess and visualization of these frames can be delayed until the user actually requests the display
(e.g., by clicking on a place-holder, similar to the “ Delay Image Loading” option of the“Mosaic”
WWW Browser [28]). The visualization is then dynamically extended by adding the component
frames.

The development of such a network scheduler is part of ongoing researchin MoV 1. See also the paper
by Bonigk and Lubinski in thisissue.

Asconcluding remark, it should be noted that through a light extension of the basic frame model, application
partitioning, the dynamic distribution of application functionality across the available network nodes, can be
supported. See[20] for a brief outline of this mobile frame model.
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