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Abstract

Visual Language(VL) system development is getting
increasingly sophisticated in part due to tleduous
nature of user interfacqUl) code development. This
typically involves idiosyncratic calls to theindowing
system that are intertwineglith the rest of the logic of the
VL system. To achieve an effective separation of the
intertwined code, we take our cue from memory-mapped
display for character based terminals and use a data-
mapped architecture wheral entities on the screen are
mapped into data in the system. The computationhait

is on the screen or changes to it can then be viewed as
querying or updating this data respectively. We propose a
declarative language, called HiD++, to implement this
architecture that in addition to naturally expressing query
and update computations, also addresses many other
software engineering concerns. We have used HiD++ to
implement a system for a visual langage called Rendering-
By-Example (RBE) and report our experiences here. This
work has been done in the context of Pictaregramming
project at H.P. Labs.

1. Introduction

Visual Language (VL)system development igetting
increasingly sophisticated partdue to the arduous nature
of user interface (Ulkxode developmenftThis typically
involves idiosyncratic calls tthe windowingsystemthat

are intertwined with the rest of thagic of the VLsystem.
Windowing systems were conceived tielp build such
ambitious user interfaces more easily. But they also
increased the expectations of the end user sprttdem
has only become worse.

Most of the reasonfor the difficulty can be attributed to
tbe process of building Ul cod€urrently, Ul code is
developedusing eventbasedprogramming, wherein the
events are generated by the windowing systadfor each
event the appropriate evemndlingcode iswritten that is

specific to the systemthat is being built. This event
handling code can be summarized as follows:

This decision of what-to-do is based on the current
content of the screen agell asthe current state of
the system as represented in the data structures of
the program. The querying @fhat is onthe screen

is done using myriads of calls to twveindowing
system and the data structures are queried in the
usual way. Oncevhat needs to bdone is decided,
then it is achieved by calling the appropriate
windowing methodsncluding the refresh, repaint,

to reflect the changes to the screen.

The resultingcode is invariablyery difficult to build and
to maintain for any non-trivial Ul.

Our approach mirrors the solutipmoposed irthe context
of memory-mapped display$he use of memory mapped
I/0O for writing toand readindrom the screen replaced the
control sequence based |/Olhe programming was
simplified in this memory-mapped model, whereirfized
location in thememory capapble aftoring 24 lines of 80
characters (i.e., 24 * 8fytes) were used t@ad from and
write into thememory-mapped screen. As a result, writing
to (reading from) screewas done bwriting to (reading
from) the appropriate location in tineemory.This greatly
simplified the screen 1/O in the programs.

Extrapolating this approach, we map all tiigects on the
screen to data in the programs. Thus reading from and
writing to the screen is replaced by the data-centric
operations on the corresponding data. It is the
responsibility of theé‘active” data to make the appropriate
calls to the windowing methods to realize thecessary
changes. As a result, the logic of what needs to be done in
the event handling code can be summarized as follows:

The decision ofvhat to do is based othe data
representing the data mapped screen objects and
the data structures; and the process of
achieveingwvhat needs to béone is to update the
program data structres, including the data



mapped screen objects. In otheords,the event 1.

handling logic is a query dependent update,
wherethe query computes the current state of the
data and then updates the data as required.

Giventhis data centriziew of the screen, we can program
the logic ofall theeventhandlingcodeusing a declarative
language similar to QBESQL, DataloglLDL etc., where

the query dependent update is stated in a what-you-want
manner aopposed to how-to-do-inanner in traditional
programming. Experience from database sydtagshown

that tremendous software-engineering advantage can be
accrued by using a declarative language.

In this paper weropose such a language, called Hib#++
based onhigher orderlogic as an extension to such a
language proposed in [KN88, KLK91The extensions

neededare toprovide objectoriented features such as 2.

inheritance, encapsulatiomnd overloading as well as
features to interoperate with the windowisgstems. We
have useahis language to build aystem for a visual
language called Rendering By Example (RBE) [KZOE&it

is a subset dhe ICBE language [ZK95]. We report in this
paper the advantagesd problems of using such a data-
mapped architectureand thedeclarative language for
building thissystem. We compare it the prior version of
the systemimplemented in Microsoft Visual++ that had
about 25,000 lines of code.

We first describe in SectiontBe list of problems$aced in
building VL systemsand cull the desideratafor the
architecture. Then we propose the data-mapped
architecture in Section 3. In Section 4 we describe the
declarative language HiD++. Finally, in Section 5 we
recount our experience in building tegstemandhow this
architecture and language address the problems
enumerated in Section 2.

2. Problems in building VL systems

Building a systemthat implements any nontrivial visual
languageposesnumerous problems in thdevelopment
phasethat ultimately limit the scope ofthe language. In
this section we enumerate some of these probeieiy?,

and state the design goals for overcoming these problems:

4.

'HiD++ stands for High-level Data language and the ++ denotes
the OO features in the lanuage. This is pronounced as

Evolution problem: As the visual languages avery
young when compared tthe textual languages, the
user community for VLs istill evolving and making
new demands on the languages . Tutinology is also
evolving continuously; nobnly through the set of
building blocks (e.g., widgets) ofthe VL and the
interactionsbetween thesduilding blocks, but also
through innovative gesturesid modalities. As the VL
systems have to continuougyolve too inresponse to
the needs of the VL users, theftware sooner dater
becomesmmalleable,that is, itbecomes verhard to
make any incremental improvements thus limiting the
scope of the language.

Goal: Have a development tool that makesgbftware
flexible and easily extendible.

GUI programming problem: Developing graphical
user interface code is problematic because the
windowing system callare idiosyncrati@and platform-
specific; oftenthere are specialized library calls to
accomplish simple tasks. The windowisgstems have
specific protocols forinteraction thatoften infiltrate
eveninto platform-independertode.This complicates
the VL systembuilding process sincthis GUI code is
interspersed with the logic of the \Aystem itself and
makes it hard to debug the software or to make
incremental changes.

Goal: Separate GUI code from the rest of the VL
system.

3. Performance assurance problemThough it is known

that the display phases such agepainting and
refreshing of most windowingystemsare slow, the
performance bottlenecks in VL systeare stilllargely
unknown. Therefore, the steps taken to asgoed
performance often need to be modified as nioseght
is gained. This can be hard as fferformance driven
decisionsareusually implicit inthe data structures and
proceduresand makingany changesnight require a
major redesign of the system.

Goal: Initial system development without concern for
performance with the assurance of “hot-spot”
refinement laterwhen performancebottlenecks are
identified.

Compilation problem: Traditional textual languages
have linear syntax and therefore limited context
sensitiveness. Thus the conténge grammarsworked

Heidi-plus-plus.

2We do not claim primary authorship of these problems as most
of these have been observed by many researchers in this area
as early as two decades ago in building the Query-By-Example

system. The purpose of this enumeration is to categorize them
so as to refer to them later in this paper. Therefore, we make
no attempt to ascribe the proper credit of authorship.



reasonably well for these languages. Visual languages,
on the other handhave much more context sensitive
behavior. This rules out theuse of context free
grammars and thase oftraditionaltools to build the
compiler.

Furthermore, visual programs are constructed in an
incremental fashion. This requirdsat thecompilation

of these programs be incremental. Traditiotabls
such as Yacc/Lex donot address incremental
compilation very well.

Goal: To provide the capability to parse and translate
context-sensitive languages incrementally.

. Savel/load problem Saving and loadingefers to
making the VL programs persistent; saving is storing
the program on a permanent mediueng( disk) and
loading is reconstruction of the relevant structures for
the program inmemory fromthe storage medium
where it was saved. Savirgnd loadingor textual
programs isvery simple but is nontrivialfor VL
programs. Since the language buildibpcks have
complex structuresand are interrelatedave/load
requires that the references should be mapped correctly.
Also, if the VL system is evolving, a new version of the
save/load mechanism must enstivat it iscompatible
with the previous versions. Most VL sytems currently
do not addressoftwareengineering amenities such as
version control, source control, or concurrency control
with guaranteed recoverability.

Goal: To relegate the save/load functionality to the
system.

In developing the system for the RBE language [KZ95], we
were motivated by these goals to sdive aforementioned
problems. Towardshis end we haveleveloped adata-
mapped architecture of theystem and adeclarative
language that isused as a tool to implemerthis
architecture. We descrilibe data-mapped architecture in
section 3and thedeclarative language in section 4. In
section 5, we revisit the problems of building gYstems
anddicuss howthe proposed architecture addresses these
problems.

3. Data-Mapped Architecture

In this section we propose a data-mapped architecture for
building a VL systemData-mappedneans that akntities
on the screen are mapped to data in $ytemand the
computation of what is on the screen or changes to it can
be viewed agjuerying or updating this dateespectively.
The data-mapped architecture is motivated byfabethat

Windowing System [WS)

Events
Realize
System Logic [S1]
Lu::-gi‘calaI
Windows
API

Fiaure 1:  Architecture of the Svstem
visual systems, isaturally represented in the data-mapped

paradigm.

Event based programmingfers to theprocess by which
an event,i.e.,, an action on the screen by the user, is
captured by the windowingystemwhich in turn calls the
appropriate everftandlingcodethat determines what is to
be done in response tioat event.This means thatost of
the code inthe VL system is eventhandling code, either
called directly by the windowingystem or indirectly by
other procedureghat are eventually called from the
windowing system.

The proposed data-mapped architecture is shown in
Figure 1. It consists of Bain modules, the Windowing
System (WS),the System Logic (SL)and theRealize
module. Theeventsare captured from the screen by the
WS which calls the appropriate evdrandlingcode in SL.
The System Logic computethe required changes to the
screen and the Realize layer interacts with the WeHfeot
these changes on the screen.

SL has a data-mappetew of the screen which is utilized
very effectively bythe evenhandling code. This code
consists of the following main steps:

1. Getting information on the current screen statieso
the preconditions of the event, agj@ery onthe data

in the SL.

Computing thenecessary action othe screerased
on the current screen state, as update to the data in SL.

3. Computing thenew screen state, as a fixed-point

computation on the data in SL.

event-based programming, which has become a standard in



Let us consider a simple example to illustrate the
architecture:

Click

—

Figure 2: Click Event on a Widget

Most widgets in focusan have “handles” -- 8 smdilack
squares one on each corner and edgfeat-can beised for
resizing or dragging thebject. Consider a textbox widget
as in Figure &and a‘Click” event onit. Thedesiredeffect

is that thewidget must gethe focus and therefore the
handles must appear around it.

Without a data-mapped architecture, theddtle forthis
scenario will have explicit calls to determine whether to
place the handles around thextbox, and ifso, their
positions.Now if anew widget is introduced tie system,
the Click eventfor that widget also needs to make such
calls. This also holds true fail objectsotherthanhandles
that are affected by the Click event.

In the data-mapped architecture, we haweomplexdata
objectinstance for eachandle on the scredghatstores its
visual properties such as size, position, color etc. We also

using a declarative language as opposed thdieto-do-it
mannerused in most traditional programming languages.
The advantage of using a declarative languagghas it
provides adata structure independemtay towrite the
programs, thereby addressitige performance assurance
problem. We will elaborate in sectionsaéd 5how the
performance can be assured after élenthandlingcode

in SL hasbeen writtenand debugged without initially
being concerned about performance.

Examples of declarative languages with useful queries and
updates on data al@BE and SQL. Datalog,LDL and
Prolog [UIIB9, NT89] generalizethis declarative
programming to computatiobeyond relational algebra.
But they consider only flat relations as data, whereas in VL
systems we typically have complaedata. In [KN88,
KLK91], a complexdata languagdased orhigher order
logic was proposed. In Section 4, we describe a modified
version ofthat language that wased in our development
process.

4. Declarative Language HID++

The conceptual structure of the languag®posed in
[KN88, KLK91] is basedon objectsand expressions on
objects. An objectan beclassified intoone of three

have data representing the widgets on the screen. When thecategories: an atomic object, a tuple of objects, or a set of

Click event is captured by the windowirgystem it is
passed on to the SL. The event-handlicmde in SL
computesthe state of theystemand determineghat the
necessary action is to give focughes widget. Therefore it
updates its data corresponding to tfoeus object” to now
point to thiswidget. SLthencomputeghe new state of the
systemwhich will automatically computéhe positions of
the handles and put them around fleeus object. In
response to the updated data, Realize layer will update
the screen taeflect the change in the handle positions.
The Click eventhandling code forthe widget does not
have any reference to the handles; therefore, any new
widget that is introduced doesiot need to bother with
making explicit calls to the code for Handles.

Note that the event handling code in SL has been
completely separated fromhe GUI codewhich is now
limited only to the interactions of SL with the WS and
Realize. Theeffect ofthe data-mapped architecturethisit

objects. Examples of atomic objects are  integers,
characters, etc. A tuplebjectis recursively defined as a
collection of attribute/objectpairs, in which theobject
corresponding to any attribute can be atomic, tuple or set
object. A setobject is a collection oatomic, tuple or set
objects For example{(name:john, sal:10K),...} is a set
object whoseelements are tuplebjects.The lanugagalso
allows listsandarrays similar to theets but for brevity we
omit that discussion here.

Elements of a tuple can ksecessed by reference to the
unique attributes, serving to ~“nanm@jects, whereas a set
is queried by the contents of thbjectalone. Attributes of
a tuple or an element of a set can be eithaensionally
specified to be garticularobject orcan be intentionally
specified by arule as in any Horn clause languagegy

Datalog,LDL [UIlI89]). A rule is similar to aquery as in
QBE or SQLwith the addition that theondition in the

guery can refer back to the attribdlet isbeing defined to

any operations on the screen are operations on the data andorm recursive rules. Explicitly specified attributes are

vice versa.

Also notethat since SL just performs computations on its
data asquery dependent updates, these computations can
be stated declaratively;e., state the queries on the data
and thesubsequent updates in a what-you-waranner

called base (factsyand intensionally specified attributes
are calledderived Thus, in C++ terminologyhase facts
correspond to data membexsd derived facts correspond
to const {.e., no side effects/updates) methods.



Data Declaration

Class Universe
Base:[ focusObj:Visual*".
static theUniverse:Universe*'.
handles:{Handle*}". ]
endClass

Class Visual
Foreign:[ virtual top:COORD ".
virtual left: COORD .
virtual width:COORD ".
virtual height: COORD .
virtual visible:Boolean ~. ]
Base:[ canhavehandles:Boolean ". ]
Procedure: [ virtual Click()". ]
endClass

Class Handle isa { public Visual }
Base:[ side:HandleSide .
static handle_height :=COORD(96.0)".
static handle_width :=COORD (96.0)". ]
Derived:[ static onobject:Visual ".
virtual visible:Boolean ".
virtual top:COORD .
virtual left: COORD . ]
endClass

Figure 3: Example of HiD++ Program

The derivedfacts (methodstan beoverloaded, inherited
and redefined, as in most OO languages, based on the
inheritance hierarchy. A class, similar to Ce¢lasses, is
declared to be a set of tuple instances along ualithits

parent classes in the inheritance hierarchy. Therefore, each

object instance has attributesi.e, methods & data
members)khat are either inheriteffom its parentclasses

or aredefined in the class of thabject. Furthermore, each
class provideghe usual encapsulation features such as
visibility and protection. As a result, a rule camnly use
attributes that adhere to the encapsulation restrictions.

The declaration of the program corresponding to
Handles example is in Figure 3. Following is a rule to
illustrate derived facts (rulemredenoted by left arrow :- ).
Handle is a class (tuplebject) with a derived atomic
attribute “onobject”the widget on whichthe handle must
appear. It depends on two base factspthjectthat has the
focus (focusObjandwhether thisobject is allowed to have
handles or not (canhavehandles).

Handle::onobject = O:Visual :-
Universe::theUniverse = U:Universe &
if U.focusObj = NULL then O =NULL
else U.focusObj = FO:Visual &
if FO.canhavehandles = $bool_true:Boolean
then O =FO else O = NULL
fi
fi~
Because we need updatesaur architecturend also to
model procedural actions, we allow attributes to also be
proceduresthat can make updates to théase facts.
Intuitively, these can beiewed as querdependent update
that areallowed in QBE or SQLThe approach taken here
closely mirrors theLDL proposal[NT89, KLK91]. We
allow recursive procedurgésathave a top down semantics
similar to production rulesind theupdates must respect
the encapsulation restrictions. These proceduass call
external C procedures agell with the usual procedural
semantics.

We state all theeventhandlingcode inthe System Logic

as procedures in some class. These procedures query the
current data andpdate thebase facts. Going back to the
Handles example, a click on a widget mweviously in

focus onlyneeds to update thmse fact “focusObj” to now

be thisnew widgetThe Click procedure (procedures are
denoted by right arrow -: ) is as follows:

V.Visual::Click() -:
(Universe::theUniverse).focusObj =V .

The atomic update is denoted by thesymbol. Once the
Click procedurénas updated thigase factthe system must
ensure that the resultingchanges to the screen are
propagated through thRealize layer. For instance, now
the handles must appear around tfagusObj. The
mechanism used irthe language to propagaibject
propertiesthat are manifested on the screen tkat of
foreignattributes.

The entities on the screen are mapped to algjiects in the
program; therefore, we need to map visual properties of an
entity to attributes of the databject. This is done by
declaring these properties as foreign attributes which can
be base or derived facts. Sinte operations on these
properties are tauery them for information or update
them through theRealize layer, we allow procedures for
accessingand updating théoreign base attributes. These
procedures will typically make Realize calls whichtimn

will make windowing API calls to achievthe desired
effect. For example, for a visual widget the screen, the
property whether it is visible onot is expressed as a
foreign attribute. Theccessoandupdator procedures are
respectively:



V.Visual:.visible = B:Boolean -:
V.GetVisibleFromWindows() ".

V.Visual::visible := B:Boolean -:
V.SetVisibleInWindows() ".

Intuitively, these accessand updator foreign procedures
redefine thesystem default access@nd updators for
atomic, tuple and set objects that are foreign
(Visual::visible attribute in the example). For foreign
attributesthat areset objectsthere will betwo updator
procedures; one, fanserting into the set, second,delete
from the set. For foreign attributéisat can bederived in
System Logic, it is possible to just writerale as for a
derived fact. For instance, in the Handle cléusg inherits
from Visual class, Handle::visible foreign attribuitan be
derived based on the object that has the handles:

H.Handle::visible = B:Boolean :-
Handle::onobject = O:Visual &
if O<>NULL then B = $bool_true:Boolean
else B = $bool_false:Boolean
fi ~.

Any change in the data in tHeody ofthe rule (such as
“onobject”) will automaticallytrigger the computation of
thenew value of Handle::visiblendsince this is doreign

attribute in Visual, thisvew value will be realized on the

incremental addition to theodemust also make sutbat
all thedependencies have beleandled. The data-mapped
architecture does awaywith this nonlinear effect of
dependencies.

In the next section, we discuss our experience using HiD++
to develop ICBE system at HP Labs.

5. Experience in using HiD++

We are currently using HiD++ to develop the ICBE system.
First we implemented part d€CBE systemusing Visual
C++, but soon were convinced ofhe futility of the
approach. Then wdesigned HiD++and built a compiler
thatgenerates C+¢ode forgiven HiD++ programs. Using
HiD++ we have recoded a significagmart of ICBE that is
estimated to be motkan 25,000 lines of C+€ode in the
previous (C++) version ofhe system. In contrast, the
HiD++ source code is aboB000 linesand thegenerates
about 34,000 lines of C++ code.

We haveyet to observany major performance bottlenecks
in the ICBE systemwritten in HiD++, otherthan the
anticipated view maintenance problem described in
subsection5.4. Running on a 90MhZ Pentium, the
degradation in performance iselow the threshold of
humanperception for most (if natll) of the interactions.

screen. As a result, the usage of these foreign attributes isEven though the performance of teistem is yet to be put

indistinguishable from any othdpase or deriveddata
exceptthat for the derived foreign attribute, tlsgstem
treats it as if iwere amaterializedview. (We elaborate on
materialized views in section 5).

Theuse of foreign attributes to refleitte visual properties

of objects orthe screen in the data in SL is #ssence of
the data-mapped architecture. It facilitates the clean
separation of Slcode fromthe GUI codeand ensureghat

the internal data is a truproxy for the screen. lalso
localizes the dependencies amoaunigjects and attributes

which makes code development much easier and thus helps5-1-

in addressing the evolution problem of Ul software.

For instance, the handieode works forall widgetsthat
can have handles. It automaticathgcides which widget
must have the handlesd which should notand where
they must be positioned etdow, if a new widget is added
that also can have handles, we adevelopthe code for
that widget without any concern for whetihe handles
should appear aroundandhow theymust be positioned.
In contrast, without the foreign attributes being screen
proxy, we would havbad toactively decide for every new
widgetand event when the handles should appaad be
erased. These kind dafependencies multiply fast and
ultimately make thesoftware immalleable since any

to critical andcomprehensive tests, our experience thus far
hascorroborated our design assumption of 80/20 riude;

all but a small portion of theystem wouldhot have any
performance problemsand these few problems are
expected to be alleviatedsing performance assurance
capabilities of the language.

In the rest of thisection we discusthe capabilities of the
language to deal with the problems enumerated
section 2.

in

Compiling capabilities

Koster proposed &uring complete language callefffix
Grammars in the context of Algol 68 [K71]Affix
grammars areontext freegrammars with theollowing
additions:

1. predicates called affixeseallowed inthe body of the
grammar rulesaindthey have to evaluate toue for a
rule to be applied in a derivation tree;

2. affixescan read andrite into the globakymbol table
that provides the global context.

Intuitively, affixes can provide the semantichecks and
there is no restriction dnow affixesare written as long as
they evaluate ttrue or false. Koster alshowedthat affix



grammars have tp-downparser. The implication ighat

if the grammar isonstructed carefullgnd thelook ahead
logic in the form ofaffixes are chosen appropriately to
disambiguate multiple rule applicabilitthen arecursive
descent parser can be generated semi-mechanically.

This recursive descent parser is constructed as follows:
» Each nonterminal is a HiD++ procedure;
» Each terminal is an accept routine;

» Eachaffix is a derivedview overthe data, resulting in
true or false.

Notethat if the intent is to dgyntax directed translation,
then the body of these proceduregan have update
statements to refledhe changes to the data. Tinain
reason for generating the HiD++ program semi-
mechanically from theaffix grammar is thatHiD++
proceduresare similar to production rules witbp-down
semantics.

Thus, HiD++ is, by design, suited for writing a recursive
descent parsing/translation and Turing complete property
of affix grammars assures that context sensitive semantics
can be handled. Further, because it is recursive descent
parsing, it is also suited for incremental parsing and
translation.

Finally, theuse of classesnd subclassesthat represent
and mimic theconceptual programallows the HiD++
program to reasoaverthe program as rules (i.elerived
views). In contrast, traditional parse treesvere
representative of thevay the input programvas parsed
more than the conceptual program itself.

Our experience using HiD+for ICBE has been very
promising. In fact, wevere so convinced dhis capability
that we designed and boot-strappedthe compiler for
HiD++ in HiD++. This compiler generates the Ctsode
for HiD++ programsand allbut thecode generator was
implemented in HiD++. Thecode for the rules and
procedures is less than 10 pages.

5.2.

Saving and loadingrefers to making the VL programs
persistent. Providing persistence to a program is to write to
disk the appropriate internal data structures of the program
with propernaming capability for subsequent retrieval by
name.

Save & Load Capabilities

Providing persistence fothe data is avell understood
topic in database systenamid we do notiwell on this
aspect of the problem. But we do want to emphatsiae
the HiD++ system provides the capability to save and load

any program (i.e., the corresponding data structures)
without any knowledge of the visual language that it
represents.Thus, relieving the implementer of tiwésual
language system fromthe responsibility t@xplicitly
program this capability.

Naming andretrieval of a program by name is also quite
straightforward as this can b&ewed asndexed access of
the program, where the index is itself data to ket
persistent.

Given that save and load has been identified as the
problem of keeping persistent the data corresponding to the
program, then extending this to versioning of programs for
multiusers is anothewell studied database probleifhis
concerns the versioning of data to deal with multiple
versions of the program. The multiugapability requires

the concurrency contr@nd recovery capability oDBMS

to ensure correct accessdata (i.e., programNote once
again, these capabilities can bgrovided without any
knowledge of the visual language.

5.3.

There are threways toimprove performance of a HiD++
program. These are:

Performance Assurance capabilities

1. a derived rule is materialized dhat it is not
recomputed many times;

2. an aggregate datxcess is improvethrough the use
of different data structures or auxiliary data structures
(e.g., indices);

3. a rule or procedure is implemented using a more

efficient algorithm.

It is argued here that all of thabovetransformations can
be retrofitted to a VL systemritten in HiD++ as easily as
if it were done originally.

Use ofthe materialized derivedew instead of computing
the derivedview everytime it is needed is done by
redefining theaccessor functions fahe derivedview to
accessthe materializedview. The  redefinecdccessor
function will be automatically used wherevére derived
view isused.That is, none of theulesand procedureshat
use this derived view need to be changed.

The use of different storage structures or indices for
aggregate dataasthe key performance improvemeiol

used in database technolo@yis was possible because the
database languages are declarataredl datastructure
independent. As we have the same advantages, we can
apply the same methods here.



If there is a need to compute a rule or procedure in a more § Conclusion

efficient manner thanHiD++ would executethen it is
possible to replacdhat rule/procedure by a program

written in an imperative language. Such replacement is

straightforward to incorporate givetat ultimately the
generateccode isC++ and it can be linked in thatage.
Note once agaithat none of theulesandprocedureshat
use this rule/procedure need to be changed.

In summary, we have showvthat theabovetechniques of
performance improvement can be done after the
identification of performance bottlenecks, as hot-spot
refinement. This divides the problem of performance
assurance to first assuring correctnasd theraddressing
the efficiency.

We do not imply that all conceivable performance
improvements can be done heBased on our experience
though, wefeelthat theabovelist of improvements should
be sufficient.

5.4. Ul manipulation capabilities

Manipulating objects onthe screen through data mapped
objects inthe program simplifies thgystemdesign in
many ways that were discussed irthe previous two
sections. So we do not dwell on this topic here.

One observation with respect to interaction with the
windowing system needsention. Foreign attributes such
as Handle::visiblehat aredefined as a derivedew need

to be reflected tahe windowingsystem whenever the
derivedview changes. Naive implementation thfis is to
reflectall values irrespective of whether it changed or not.

This was expected to be a performance bottleneck and

therefore our design called for implementing a “ddata”

management scheme. Currently, we have not implemented

it yet. As aresult we usdhe naive method teflect the
values ontdhe windowingsystem. Therefore, we currently
observe perceptivseluggishness whenever there is a need

We discussedhe common problenfaced in building
visual languagesystemsand proposed a data-mapped
architecture to address these problems. We desdiitied
architecturehat expresses objects dhe screen as data in
the systemandreduces evertandlingcode toqueries and
updates on this data. Singeiery dependent updates are
easily expressibl¢hrough declarative languages, waiso
proposed a declarative language for complgpectsthat is

a powerful tool for building a Vlsystemwith the data-
mapped architecture. We finally reported our experience in
building such a nontriviatystem fothe RBE language as
part of the Picture Programming project at H.P. Labs.
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for many refreshes such as in the case of drag-drop. We are

reasonably convincedhat the dirty data management
scheme will addresthis problem becaus¢his problem

stems from excessive useless W, calls to windowing
system).

However, if the ordering of calls to windowirgystem
turns out to be important to alleviate the performance
bottlenecksthen wewill need to use procedurabde to
reflectthe data. This will be similar to the intertwined Ul
code inthe traditional approach. We have wget observed
the needor this; our hope ishatthey will befew and far
between and therefore will not be a major problem.



