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Abstract should be unified in a common formal framework which

This paper shows how language technologies such ascould be the foundation of a human-computer communi-
the automatic generation of parsers for analyzing user ac- cation theory. This paper proposes a humble step in this
tions and visual parsing can be applied to build a flexible direction by presenting a theoretical approach and its par-
tool specialized in complex specification tasks, namely the tial application to structure the user interaction (throug
configuration of distributed applications. The centraliss ~ the LR-grammar/parser approach), the visual representa-
is to propose to structure the workspace through a syntax tion (through positional-grammar/parser approach) aad th
of user actions on one hand, and a syntax of visual repre- visual operations and animations (by using graphical in-
sentations on the other hand. From the tool designer side, Structions, based on a formal visual type system).
this approach makes the core of the tool explicit through ~ Section 2 outlines the basic concepts proposed. Sec-
the grammar rules, and eases the generation of final codetion 3 puts emphasis on the configuration of distributed ap-
by simplifying verifications. From the user side, propestie plication problems, the target of the tool presented in sec-
of the workspace generated from high level specifications tion 4. Section 5 concludes and sketches future work.
increase the usability and improve the perception of the

underlying semantics. 2 An Interactive Structured Workspace

) This section presents the main features of the workspace

1 Introduction model proposed. A visual type system allows us to struc-

Significant efforts have been made in the VL commu- ture the basic entities of the language and to formally de-
nity to establish the theoretical foundations of visual-syn fine operations permitted on various types. This approach
taxes. The challenge here is to reflect the expressivity aims to bring simplicity via type polymorphism and to fos-
of visual representations, which are intrinsically multi- ter the scalability of visual representation. Polymorphis
dimensional, as opposed to textual representations con-simplifies the handling of the visual entities, as well as the
sidered as uni-dimensional. The important point is to be graphical instruction set, which will be presented at thak en
able to formalize such syntaxes into grammars suited to of the section. An example of polymorphism is given by
generating or parsing structures at a reasonable computthe possibility of changing the size of an object of any vi-
ing cost. Important advances have been made, concernsual type simply by changing the value of its size attribute.
ing relational grammar[17, 16, 7], graph grammar[11] and Scalability is a central problem when dealing with high
positional grammar[6] formalisms. These latter seem to quantitative complexity. Authors of [5, 15] addressed this
be the most tractable, by offering efficient bottom-up pars- important point in 2D and 3D contexts. The visual type
ing of unordered visual items while preserving a satisfac- system outlined here then puts emphasis on object resiz-
tory expressive power and simplicity. Fewer works (such ing facilities in order to simplify the space management,
as [12, 10]) consider the temporal structure of interactive and to provide visual language designers with integrated
systems, which may be in our opinion, the most innova- operations. Section 4 illustrates how this capability can b
tive issue brought by computer technologies to information applied to potentially large workspaces.
processing systems. This addresses the temporal struc2 1 A Visual Type system

ture of user action as well as the structure of visual ani- ;g commonly accepted that the basic language struc-
mation. Ultimately, the relationship between the temporal a5 are composed of signs, organized in a system from

syntax of user actions, visual animation and visual syntax \yhich higher level structures are based (lexical units and

*in partnership with INRIA Rhones-Alpes (Projet SIRAC), 655de syntactic unit.s). “j‘ our framework, the sign system is an
I'Europe, 38330 Monbonnot Saint-Martin France alphabet of visual items we cailyphs




Basic types are: is computed byp; = tp0s + (07 % (tsize/maz(||v7]]))*

Tpoint = (apwacolor>a . ) Fig 2 shows examples of shape definitions. This format
Tline = Apos; Gcolor; &size; Qorient . . . .
ooty = (Guer Gontor, Geree, Guriont, Gshape) defines a shape algebra which allows morphing operations.
Tiewt = (Gpos, Geolor, Gsize, Gorient, Gstring) It permits the generalization of animation commands to all

where attnbutes:Lpos , Qeolor s Asize, Ushape, Qorient [E€PrE-

sent perceptual values, i.e. physical parameters that a hu
man observer perceives directly. For simplification, at-
tribute a,, of a typet will be written¢,. Note that these  shape=(1,1,1,02,1,03) Star=(1,0.2, 1, 0.2,1,0.2,1,0.2)
parameters are independent (you can change one without
affecting the other), which brings more expressivity to map
information into visual representations. Fig 1 shows how
attributes are structured and encoded.

kinds of attributes by accepting the basic algebraic opera-
tors+, —, %, / (see 2.3).

Attribute structure encoding
apos (l‘,y) x,yER _ -
Geolor (h,s,v) h,s,ve(0...1] 0 =anie 6 =28
. +x
Usize s sER Figure 2: representation of shape attributes
Qorient & aeR
Ashape ({Ul,"' avn}ap)/) U5 ER,VER

Figure 1: basic perceptual attributes
S=POLY((0.0),Black,0,10,SQUARE)
Glyphs and composite types. From these basic types,
glyph types are defined byr = 7oint|Tiine|Teeat| Tpoly
and composite glyphs can be built up from either basic or
composue glyphs by using the following composition:

= Gpos, Asize, Qorient,

T=POLY((0,4),CYAN,0,5,ISOTRI)

N=TEXT((0,-2),GOLD,0,2,NIL,'obj1’)

‘I> = {71, , T}
which assumes a set of constraints so thatc @, .
aposo'poS = cste C=COMP({S,T,N})
Gsize — p Osize = cste obj1
Gorient — Oorient = CSte
The graphical engme that handles visual representations o
composite glyphs has to maintain the consistency of po- Figure 3: example of glyph composition

sition, size and orientation through constraint solving ac
cording to the previous definitions. Thus, the whole tree Properties of the type system The reader may note that
of sub-objects can be manipulated as if it were an unique these definitions bring polymorphism since for all visual
atomic object. types, thet, s, asize, dorien: attributes carry the same se-
Visual representation. Although attributeger secannot  mantics and can be used and transformed through the same
be directly represented, they are combined together td buil set of operators. For the designer of visual languages, as
the actual visual items perceived by the user. The most spe-well as for the underlying architecture required, this par-
cific attributes are: . ticularity allows many simplificationsUskuidarh’s Visual
Orientation i.e. the angle of the glyph with the verticél Object Description Language [14] uses a layout grammar
As an example, a lingis visually built by computing the in a similar way (structural definitions and composition),
segmentpg, p1] such thatangle(v,p_lﬁo) = lyrient and excepted that layout relationships are of a higher-levél an
NI do not specify such a polymorphism. Our type system in-
fers basic attributes of composite objects from lower level
objects, in order to offer more simple definitions, but also
generic operations and behaviors. Fig 3 shows an example

The number of values thus determines the number of ©Of @ composite glyph specification, and the visual item ob-
edges and each value can be associated with a vector t@ined. Although this system appears to be simple, its ex-
5= v X rotate(v 2T | o + ). Note that the absolute ~ Pressive power is high since b.aS|c. items can be cqmbmed
without qualitative or quantitative limits. Moreover, iD2
workspaces are addressed in this paper, this type system

Polpos=lpos 1 (i-€. lpos is the middle of the segment).
Shapesspecified through a pai{v1, - - -, v, }, ), where

v; are the length of vectors from which the coordinates
of the shape contour can be computed, relativeda

angle of the first vector of the shape withis given bya
(angle of the glyph) and (angle of the shape). The actual
polygon{p;} representing the shape of a type= 7,0 11 andx are here vectorial sum and product




is originally designed for 3D workspaces in order to take
advantage of its potential richnesl5, 12].
2.2 Syntax of Actions

User actions can be captured through mouse motion,

buttons and key press/release events. All these events are

sequential in the temporal dimension. It can thus be envis-

aged to use known grammatical formalisms and associated

parsers to specify legal user actions, provided that the sca
ning is done over a continuous input stream rather than
finite sequence. Note that here we mainly addres®fhe
erationalaspect of the problem, rather than thealitative
aspect, as done in [9] by using (high level) temporal exten-
sions of a UAN (User Action Notation). The main issues
of the action parsing we propose are:

Designation of objects and actions in the workspatke
alphabet of glyphs is defined by using the type system pre-
viously described. This means that, as for lexical defini-
tions of textual languages, the conceptor of the grammar
designates terminal symbols with visual type names. To
symbolize the actions performed by the user on visual ob-
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Figure 5: user action parsing

jects, the graphical engine which handles glyphs generatesthe parser stops the analysis, switchs into an error mode

a flow of attributed events described in Fig 4. Note that the

and tries to resynchronize on the correspondisigase

semantics of the actions ensures that leave/release eventgvent. A stack handles cumulated error sequences: new

are always preceded by corresponding enter/press events.

user action lexical unit | attribute
enters an object 7 object Id
leaves an object T object Id
presses a button ‘press’ n
releases a buttom | ‘release’ n
presses a kel 'keypress’ value
releases a kel | 'keyrelease’| value

Figure 4: events generated by the graphical engine

Expressivity of grammar formalismit is difficult to
make a statement that a grammar is sufficiently power-

ful. Therefore, we choose the largest class of unambiguous.

context-free grammars: LR(1) grammars (see [1]), which
produce bottom-up (and also input driven) parsers, well
adapted to flow analysis.

Error handling without rigidity This point is central to
user-friendly interactive systems. We propose to first use
the particularity that LR(1) parsers never reduce a rule if
the input is wrong (it is not true for the LALR(1) parser
[1]), and second the structural symmetry of lexical units.

The first point ensures that, since the error is detected at

the shifting stage, no wrong actions can be initiated (and
thus, no corrective action has to be performed afterwards).
For the second point, we noticed that all events are sym-
metric: if an unexpectednterevent triggers an error, then

2in this case, a third basic tYPGolyhedron IS @dded, and shape vec-
tors have richer structures

entevpressevents are pushed amhehvédreleaseevents al-
low poping. The parsing thus restarts when the error stack
is empty. User awareness is ensured by displaying an error
specific mouse form, and corrective actions are proposed to
the user (after analyzing the stack). This generic approach
although simple, leads to a surprisingly flexible error man-
agement.
Visual feed backThe difficulty here is to deal with the dy-
namicity of interactive systems: how to relate the parsing
of user actions to the graphical instructions needed for the
visual feedback. In théatch processingnodel, actions
can be associated with rule reductions. For instance, the
recognition of: Select — +triangle pressl releasel®
can produce the actiosetC'olor(triangle.objld, RED).
The problem is that, due to the look-ahead behavior of
LR(1) parsers, the rule is not reduced before the input of
the following event, and thus, the visual feed back cannot
be synchronized to the user actions. In our framework, ac-
tions can be attached either to the shift or to the reduce
phases. The parsing algorithm works with two shifting
stacks (state stackd sg,---s;,sp > and (items stack)
-+ triangle, pressl > instead of the standard inter-
leaved stack< - - - s;, +{riangle, si, pressl >. Thus, the
visual language designer can specify feed-back actions by
using special ruleszpr = actions whereexpr is a regu-
lar expression applied to the item stack that must match to
trigger the action processing.
Infinite input/output streams handlinghe input stream is

3The user enters visual itetriangle and click on mouse button



. . ponderator
seen as a FIFO from which items are expunged after recog-

nition. For the output parse tree, it is up to the designer to
handle deletion through reduction actions, depending ont[
the context and functionalities attached to the syntax.

As a conclusion, this approach allows us to specify the
interaction through grammatical rules, to recognize legal
action sequences and to forbid wrong actions. Invariant ‘
properties of the workspace can therefore be ensured (e.g.” o énd— time
a triangle can never be dragged onto another triangle). Dy-
namicity is addressed through the graphical instructibns a
tached either to rule reduction actions or to shift actions
(see 2.3). Fig 5 summarizes the architecture of the action
parser. course, this is not central to our framework which is not
especially dedicated to algorithm animation.

Figure 6: moderation curve for attribute modifications

2.3 Graphical Engine
The different functionalities of the graphical engine are: 3~ Configuration of Distributed Application

Constraint solving The graphical engine is in charge of Applications are distributed for multiple reasons:

maintaining the consistency of visual objects, by applying Integration. An application integrates several services lo-

simple constraints oposition sizeand orientation This cated on the provider sites (e.g. electronic commerce).
allows us to consider composite glyphs as first order ob- Isolation. Sensitive parts of the application should be lo-
jects. cated behind a firewall (e.g. authentication service).

Action lexeme synthesisThe goal is to build an event Performance.Components of the application need inten-
flow to feed the action parser. Users generate basic eventsive computation and are either hosted by a powerful ma-
through callbacks raised by the lower level graphical layer chine or distributed (e.g. weather forecast).
The graphical engine relates these events to the internalAvailability. Critical services are replicated and distributed
structure of glyph types, to generate and—r events. on different machines (e.g. stock exchange).
Visual operations The most important functionality is However, configuring and monitoring such an applica-
to interpret instructions to handle the visual workspace. tion is not a simple matter. This implies (i) a logical de-
The graphical engine is an abstract stack machine that ac-scription of the application in terms of components which
cepts a set of instructions such @&ATE-GLYPH MOVE-TO, interact together; (ii) a description of the underlying-dis
GET-MOUSE-PO$ SET-CONSTRAINT They homogeneously oper- tributed system on which the application will run; (iii) the
ate on typed glyphs to simplify the visual action specifica- deployment of one to the other. Moreover, once the appli-
tions while preserving expressivity. cation is running, monitoring facilities are needed to con-
Animations The graphical engine handles a list of anima- trol if the application works correctly and to act whenever
tion scenarii. This list is periodically interpreted to ani it is required at the component level. (e.g. to restart a
mate glyphs.(g,tstart, tena, v : ay) Specifies animations,  faulty service). The ideal, in term of distributed applioat
i.e. the glyph identifier, the start and end time and a vector administration is to combine both aspects (configuration
which content depends on the attribute and monitoring) to really offer flexibility to the applicati

To ensure theerceptual continuity the engine com-  management. Thatis to say, to dynamically modify the ap-
putes moderation factors for each modification step by us- plication configuration while it is running and to adapt it
ing a functionf : [tetare- - -tend] — [0---1] such that according to information given by the monitoring.
fit) = (%)4 (the exponent was tuned through Configuring and monitoring distributed applications is
experimentation). Thus the value addedgtg at each one area where we can and should make benefit of visual
time stept is v x f(t). Fig 6 shows that the curve en- tools. Indeed, the complexity of the application combined
sures smooth modifications. This approach is close to With the complexity of the underlying distributed system
the Path/Transitionparadigm [13] and the declarative ap- Makes it difficult to have a global view of the system.
proach proposed in [4] for specifying animations which We therefore have to cope with qualitative and quantita-
puts emphasis on trajectories in the multidimensional rep- tive complexity at the same time. The former is due to the
resentation space. Our approach is quite similar (althoughvarious events that may occur (e.g. failure, overloading)
purely textual and simpler in this prototype), butintrodsic ~ and the actions the manager would like to trigger (e.g. to
a notion of continuity and acceleration in animation. Of Start, or stop or migrate a component). The latter is due to

the number of elements to take into consideration.
4Complex modifications of the workspace may overload the [1r For the reasons of flexibility mentioned earlier, config-




uration and monitoring should be tightly coupled through
a common user interface. Thus, the quality of the visual
representation of the system is essential. In particular, w
must consider the scalability problem and highlight the
component structure. Finally, the tool should be easy to
customize to cope with different categories of users (i.e.
different roles) that might be involved in the configuration

and/or the monitoring of a distributed application.

4 Applicationto the CLF

The CLF (Coordination Language Facility) is a middle-
ware environment for distributed coordination [2]. It pro-
vides a basic set of library tools for buildimgordinators
andresources managersamely software agents for, re-
spectively, the coordination of complex tasks and the man-
agement of resources in distributed environments. It sffer
generic modules from which it is possible to construct ded-
icated services or to wrap legacy applications.

The CLF defines an extended object model which as-
sumes that all resources managers accept two basic opere
tions: removal or insertion of specified resources. Coordi-
nators may realize transactions involving several regsurc
managers. The behavior of the coordinator is specified
through a rule based scripting language [2].

4.1 CLF application configuration language

In addition to this framework, we have developed a lan-
guage that allows the description of a distributed applica-
tion deployed on a distributed system. The idea is to asso-
ciate a class to each kind of entity of the distributed system
(domainandhos) and the applicationapplication proxy
andscript). Instances of these classes define attributes de-
scribing the corresponding CLF entities and provide meth-
ods for acting on them. This low-level specification may be
written by hand or automatically generated by higher level
tools such as the visual configuration tool presented here.

The distributed systemis described througbomains
containinghosts A domainis associated with a local area
network sharing CLF libraries through a file system (e.g.
NFS). Ahostobject corresponds roughly to a workstation
on which a component of the application can run.

The distributed application is represented by aap-
plicationobject describing the data shared by the different
CLF objects which compose it. For each CLF object there
is a corresponding @roxy object. The attributes of the
proxydescribe on one hand the CLF object role in the ap-
plication (e.g. its type: coordinator, name server, user de

and a reference to the coordinapwoxy. A scriptalso ex-
ports the methodun whose effect is to make the code in-
terpreted by the associated coordinator.

OO0

A

i -

D se B2 [ 5

Figure 7: A hardware configuratioriThe central square
(domain) contains two smaller squares (hosts), decorated
with operating system and processor types (small triangle
and star shaped glyphs). The user can inquire for textual
information by pointing the mouse on the glyphs

The deployment consists in specifying thdéost at-
tribute of eachproxy and to invoke thestart method. All
these concepts and their underlying constraints are shown
and manipulated through the tool. Its workspace (see
Fig 8) reflects the three main tasks of configuration edit-
ing: specification of the logical structure of the applioati
(upper left grey square), specification of the physicalcstru
ture of the distributed platform (upper right grey square)
and specification of the deployment (lower grey square).
In each context, operations are performed by direct manip-
ulation (with a mouse) on small glyphs (the three squares
lined on the upper sides allow us lmad, save andclean
the contexts by pointing/clicking actions). To specify the
deployment, objects from upper contexts are dragged into
the lower context, according to positional constraints tha
reflect the semantic constraints: thexy of a CLF ob-

fined component) and on the other hand its location in the ject must be put on host but neither on @omain nor on

distributed system (e.g. on which host it will run).ptoxy
also provides a set of methods that allows direct interactio
with the CLF object (e.gst op, start,i nspect, used

for monitoring purposes). A set of CLF rules is described
through ascriptobject whose attributes are the source code

another application object.
Before launching the interaction, part of the workspace is

drawn by executing the following code:
CREATE application;PUSH;SET-POS(150,150);SET-SIZE200
CREATE platform;PUSH;SET-POS (250,150);SET-SIZE 200
CREATE deployment;PUSH;SET-POS (200,300);SET-SIZE 300
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Figure 8: Overview of the workspace

The grammar rules expressing these three main tasks are The first rule creates a new glyph with tydemain and
Al = AppliAl constraints its position to track the mouse motion. The

All —  Hard All . .

All - DeploymentAll second rule unsticks the object, and launches a double
Appli —  *application Doappl -application smooth animation: a motion to the target position pointed
Hard —  +hardware Dohard -hardware K

Deployment —  +deployment Domapp -deployment by the mouse at release time, and a growth of the shape.

The user specifies the hardware platform (see Fig 7) Hostsare created following the same operations, but must
through the following actions: (ilomain(s)creation, (ii) be placed over an existingomain The corresponding
host(s)creation ordomains (iii) hostsattribute definition. rules are:

Visually, domainsare created by pointing a blue square (of Dohard ~ —  CreateSite _ ‘ ,
visual typedomMake), pressing the mouse buttdn@a new CreateSite —  +siteMaker presis-siteMaker+domain releaselomain

; . o and an additional action is specified:
blue square pops up beside the pointer), pointing a target  , sjemaker. press . +domain=> GET-POINTELY PUSH/ GET-SIZE/

position in the context and finally by releasing the button _PUSH0.4/ADD /SET-SIZE . . o

(the square goes to the position, with a growing size). which dilates the entered domain each time a new site is
Dohard —  CreateDomain added. This kind of behavior is also a response to the scala-
CreateDomain —  rdomitaker pres -domwaker release bility problem: the size of containers is allowed to grow in-

The associated shift actions for visual feed back are: yp X o2 0g
*.+domMake}}rpress/ = CRE;TE domairf PUSH GET-M-POSY crementally, as far as they stay within a limit defined by the
PUSH (20,20JADD /SET-POZSTICK-M . ‘e i H :
4 +domMakerpresd » releasé = UNSTICK-M/ PUSH/ GET-PO gnwronment. Beyond th|s limit, all contained objects are
GET-M-POS SUB /GET-TIME/ PUSH/PUSH0.2/ADD /PUSH 'pos/ incrementally reduced in order to keep constant the ratio
ANIMATE /...

free area/used area (this is a guarantee that new objects can
5non terminals begin with an uppercase be introduced). Special facilities such as fish-eye belavio




(pointed objects are temporarily dilated) allow the manip- sociation of theproxy of objects tohosts This is also per-
ulation of small sized items (in 3D workspaces, this can be formed through dragging operations. Oncedleeloyment
obtained by zooming). This is an example which shows has been completed it is possiblectampilethe specifica-
how animations and polymorphism (all objects can be re- tion, and therinstall the application. The compilation is
sized in the same way) can help to enlarge the workspacedone by a visual syntax analysis, followed by a verification
size. Host attributes (operating system and processoy type and generation phase. If errors or warnings are detected,
are specified by dragging colored small triangles and star they are represented by small specific glyphs (lined up ver-
shaped icons onto the hosts. Other attributes are specifiedically on the left). The user can click on errors or warnings
textually through specialized editing forms. to display the associated text which explains the problem,
and to highlight the concerned glyph. Fig 9 shows the suc-
oom oom cessful compilation of a deployment specification (lower
context) with two warnings (triangles on the left). Small
glyphs included irhostshave been previously dragged by
the user from the application context, and reduced when
o entered intdhosts Monitoring facilities will be offered in
9 ® the next version of the prototype through an asynchronous
interpretation of an external event flow. Indeed, the graph-
ical engine is able to process several input channels at the
same time, and the workspace can therefore be animated
asynchronously to reflect external modifications. A repre-
sentational function must also be defined to display a given
set of information to the workspace, while maintaining the
O == consistency of the representation (the user must still kee ab
oomm to act on visual objects). For instance, actprexiescan
be shown as rotating, as opposed to inactive, fixed proxies.
o] Related commands such as launching or stopping a proxy
should then be introduced according to the representation.
The visual parser is not yet automatically generated but
N A TE can be specified by the following positional grammar (see

i3] ] [6] for the formalism):

A Dbesidest A(A, Domain)
D A(A,D)
domain contains N A(D, domain
Host besidedy A(N, Host)
Host A(N, Host)
host containg A(Host, host)
OStype besides CPUtype besides ItA (1, OStype
Item besides It A(lt, Item)
Item A(lt, Item)
Coord A(ltem, Coord
namesServer A(ltem, nameServer
proxy A(ltem, proxy)
Coord contains CLF A(Coord CLF)
script besides CLF A(CLF, script)
script A(CLF, script)

+$ o090 0@0
+

V
&

Figure 9: A compiled deployment (bottom contexfjhe Host
two triangles on the left side are warnings raised by the I
compiler. They may be clicked on to launch a animation It
showing the concerned glyphs ltem

The logical application structure is specified in a sim- Coord
ilar way, with richer combination possibilities that retiec CLF
the richer semantics of the specification. Glyphs lined-up
vertically on the left side of the application editing cortte
(Fig 8) represept th? foIIovymg operators: .ObjeCt 9rouPINg - ~ontainsandBesidesare spatial relationships such that:
makers of basic objeqtroxies(e.g. coordinator, name- ' Voos — Xpooll < BSR(X)

Serve}, genericproxy maker andscript maker . Fig 9 A comaind’ ‘i’{ Vhos = Xpooll < BSR(Y)

shows such a specification in the upper left context. Many whereBSR(.X) gives the radius of th& bounding sphere
interaction facilities are provided by the tool (such as ob- xgesides { H?’ - §PH 2 gggg;

ject browsing and automatic popping names) which are not reroomee

described here (the global action grammar contains aboutd ~ Conclusion and future work

100 rules). Moreover, some semantic verifications are per- We have described an approach based on a triple struc-
formed online. For instance, gcript cannot be dragged turation of the workspace through a visual type system,
into aproxydifferent from a coordinator. user action grammars and visual parsing. The visual type

The context for defining thdeploymentllows the as-  system aims at providing expressivity and polymorphism,

R A N R R A A

The A functions determine the transfer equations of at-
tributes from the right side to the left side of the rules.
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