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Abstract

E-commerce habegun to evolvébeyondsimple web

pages to more sophisticated ways of conducting e-busines

transactions, such as throughelectronic advertising,
negotiation, and delivery. However, to participate in these
advances requirethe skills of professional programmers,
and end-userowners of small businesses oftenannot
justify this expense. In thigaper, we presenfAR, an
end-user language tmffer and deliver e-services. The
novel aspects ofFAR areits support of smalle-services
and its multiparadigmapproach tocombining ideas from
spreadsheetand rule-basedprogramming with drag-and-
drop web page layout devices.

1. Introduction

In recentyears,e-commercehas openednew business
opportunities for botHargeandsmall businesses. Some
of the technology to takadvantage ofhese opportunities
is relatively easy to mastegven without the help of
professional programmers. For exampleeaduser can,
with the help ofdrag-and-drofiools, createweb pages to
advertise products and services.

However, devices that support actually selling the
productsand deliveringthe services (or a confirmation of
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just-in-time custom web pages. The prototypd-AR is

basedupon e-speak middlewaré&=AR allowsendusers to
offer and deliver e-serviceswithout these users having
Enowledge ofthe middlewareprotocolsnecessary toffer
such services. For example, an end user witlatabase of
information about flowers, stored on a R@dmaintained
using PCsoftwaresuch as Access;ould offer "flower
advisor" e-services as a cottage, for-profit, business.
FAR combineddeasfrom three paradigms: wepage
layout, spreadsheetgindrules. In FAR,users lay out a
sample web pagwith various kinds ofspreadsheet-like
cells or cell groups. Thspreadsheet paradighas been
demonstrated to beusable by end users, yet is a
computationally powerful paradigm, and is ableetgress
graphics as easily as textual values [7].
Spreadsheetformulas are "pull"-oriented: a cell
expressedts interest in other cells througieferences in
its formula, and updates cause it td'pull” in new
intermediatevalues for a new computation. In our
experiencavith the spreadsheet paradigfwia the visual
spreadshedanguageForms/3 [7]), wehave noticedthat
sometimes it seems more convenient ®&xpress
computations as "push" computations. For example,
whenever abutton is pushed, we may want 15 cells to
change, in which case it may be more convenient to notify
the 15 cells all abncethan foreach ofthe 15 cells to

the services), such as JavaScript or Java applets fofepeatthe samepredicatethat watchesthe button's state.

creating dynamic web pages &erl for dynamically
creating new web pageare programmer orientedThese
devices araot accessible tcend users, buteven if they
were, the internetmodel of doingbusiness is becoming
more sophisticated thamven thesedevices can handle.
Recently,productssuch asHewlett-Packard's e-speak [14]
have emerged, which provide softwatgbstrates tdandle
the advertising of availability, negotiation, and
communication between businesses and customers.
We have been working tdoring these kinds of
capabilities toend-user entrepreneuasid small business
owners who donot have a staff of professional
programmers to handle thexisting programminglevices.
Toward this end, we havecreated an end-usdanguage
namedFAR ("FormulasAnd Rules") for programming

From this observation, wdecided toalso supportrule-
based programming in FAR.

In this paper, we present FAR. The new contributions
of FAR are:

e It is an end-userlanguage that supports small
business owners tooffer full-featured electronic
services.

¢ It integrates thespreadsheet paradigmith the rule-
basedparadigm. Bothparadigmsare supported as
alternative views of the same logic, allowing teer
to switch between these two paradigms flexibly.
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2. Background and Related Work

2.1 Multiparadigm languages

A multiparadigm programming language idaaguage
that incorporatestwo or more of the conventional
programmingparadigms[12], or a linguistic framework
that does not force the programmerinto thinking or
working in only one model [3]. Two approaches haeen
pursued inthe creation of multiparadigm languages. One
is to addadditional paradigms to aexisting language to
permit users to utilize a new programming styléhout
learning a completely new language. For example, C++
extends C object-oriented programming features. ather

is to seek a true blending of paradigms in a new language.

Leda [4] exemplifies this approach.

An important difference between these approaches
hinges onaccessto the relevant paradigms. The first
allows for a"bridge" betweerconstituent paradigmsyith
usually explicit transitions from ongaradigm to another.
The secondstrives for seamless transition froparadigm
to paradigm. FAR aims toward the second goal.

In the visualand end-uselanguagecommunities, in
addition to combining variousapproachewith drag-and-
drop GUI layout, there has beensome multiparadigm
work. Some of these languaga® more like high-level
component builders than full languages, in that they allow
users to specify portions of programs idifferent

multiparadigm languagand Forms/3 cannot beised to
programe-commerceservices. Thespreadsheet language
Formulate [1, 2] is anothespreadshedanguagethat was
born from the same roots as Forms/3. ifluence of
Formulate on Forms/3and on FAR is the way of
allowing multiple cells in a table tashare the same
formula.

Several other spreadsheet-oriented research progeots
aimed at extending spreadshkssgtguagefunctionality, but
through imperativedevices orthrough connections to
other programming languages rather than thraarginary
formulas (e.g., [9, 15, 21]). FARloes not usethese
devices.

2.3 Rule-based languages

FAR alsoincorporates theule-basedparadigm. Rule-
based programming waspioneered in the end-user
programming community by AgentSheets [17] and
KidSim/Cocoa/StageCast [13]. In both of theswl-user
languages, the user specifies the rules by demonstrating a
postcondition on a precondition. Tlmendedusers are
children, and the problem domain is specification of
graphical simulations and games. An importdifference
between these two languages is that in the KidSim family,
the only rules presertrethose thathave beerexplicitly
entered bythe user, although thegan be collectednto
"Jars" of similar objects that then follow the same rules.
On the otherhand, in AgentSheets, graphicatule

languages (e.g., [10, 19]), whereas others allow the user t@analogies are supported [1fAjat allow users t@eneralize

choose whictparadigm touse within the samé&nguage
(e.g., [16, 20]). These worksareabout allowing theuser
to choose garadigmwhen writing a progransnippet.
FAR supports this as well, but also allows th&er to
switch flexibly amongparadigms aftethe fact (i.e., for
later viewing and editing).

2.2 Spreadsheet languages

There have been severakearch spreadshdahguages.
The one that hamfluencedthe development oFAR the
most is Forms/3 [6, 7, 8]. Like FAR, in Forms/3
spreadsheet-likeells or cell groupzan bedraggedoff a
tool paletteand placed wherevetesired on avindow, and
this placement determindgbe ultimateappearance of the
final "program” which, in thecase of Forms/3, is a
spreadsheet. Another influenceFdrms/3 upon FAR is
the fact that cell values do nohave to betextual; cells'
formulas can result in graphical images whaam in turn
referred to andperatedupon, just ascan numbers, text,
and soon. Unlike FAR, Forms/3 is not aend-user
language pese, although some portions of hiave been
developedwith end-userprogramming in mind. Other
fundamental differences arethat Forms/3 is not a

a behavior, such as idifferent directions onthe grid or
from one object to another (e.g., "Cars moveaaadslike
trains move on tracks"FAR doesnot do either othese
kinds of generalizations, butloes something different
regardingwhich objects follow the same rulesAnother
difference isthat in AgentSheetand KidSim, rules are
specified by demonstration, and in FAR they are not.
Altaira [18] is anotherrule-basedlanguage,and was
createdespecially for the domain afobot control. One
difference from FAR, AgentSheets, and the KidSim family
is that Altaira explicitly brings out thestate-machine
nature of therule-basedparadigm. Anothedifference is
that, when multiple rulesare enabled,all are fired,
according to a priority-basextheme. In contrast tthis,
FAR's definition of rules prevents overlapping rules.

2.4 E-commerce through e-speak

The FAR prototype's ability to actuallgccomplish
electronic commerceomes about through its use of e-
speak. E-speak is a collection dfoftware developed by
Hewlett-Packard that supports electronic negotiation,
including e-commerce. (It is freely available at
http://www.e-speak.hp.com.) Although e-speak helped
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and influenced the wal¥)AR is implemented, thend user
does not know about this association.  Wariefly
summarize thee-speak featureshat are necessary for
understanding of this paper.

At the core of e-speak ishe notion of an'e-speak
engine." Ane-speakengine knows abouservices that
have beemadeavailable and about requestsfor services
and can also talk to othere-speakengines. Tomake
services available or teequestservices, servicg@roviders
or clients make Java calls sendXML documents to the
local engine.There is a venbasic, built-in vocabulary
that is used in these conversations. In addition, it is
possible to make new,domain-specific vocabularies
available. For example, service providemight decide
upon a new vocabulary devised especially for their
particular service, such &ML, an existing,standardized
vocabulary that has been devised for chemists
(http://www.xml-cml.org).

We have simplifiedthe explanation ofe-speak here,
omitting details such as advertising servicds)ding
vocabularies, etc., but thesenceptsare not necessary to
understand-AR, either by thereaders othis paper or by
FAR's intended users.

3. Introduction to FAR

As we have said-rAR is anend-uservisual language
to allow end users tooffer e-servicesThis means it is
aimed at end-user businesses, not at customers.

During its design, weevaluated FAR using the
Representation DesigBenchmarks[23], a design-time
evaluation toolfor visual programming languages that is
based on Cognitive Dimensions [11{See [5] fordetails
of this evaluation.) Part of the evaluatigmocesswith
Representation DesigBenchmarks is teexplicitly state
the prerequisitesequired of the audiencefor which the
language is intendedThis has a bit moreccountability
than a simplé'prediction” of what usersvill understand,
because eacassumption théanguage designevishes to
make about audience capabilities must nowphieedwith
an explicit prerequisite.Thus, the more optimistic the
language design teamwishes to be aboutaudience
capabilities, the morprerequisitegshey mustenumerate.
For FAR, theaudienceprerequisitesare some familiarity
with browsers, spreadsheetformulas, and database
productivity tools such as Access.

To briefly overview FAR, suppose gardenemwants to
offer a servicethat creates a dynamigveb page whose
contents are to be custom-constructed by retrieving

dynamically filling in parts of the page based on an
incoming query, as in Figure 1. The user specifiepasis

of these formulasand/or rules the way toretrieve the

necessanynformation about thdlower in order to deliver

the requested service, such asltwking up thenecessary
information in anAccess database othe user's PC.
Whenthe user hasompletedthe creation ofthe sample

web pagewith its rulesand formulas, pushing a button
advertisesandmakes theservices availableintil the user

stops making them available.

Some fundamental differences between these
capabilities as versusirag-and-dropauthoring tools to
create a web page are:

« Although theservices can beradeavailable forfree,
part of thequeryingprotocol can include a creditard
number, allowing the user to charge for these custom-
advice pages.

* FAR is used tospecify how to dynamicallycreate
web pages on thly, in some ways similar to the
server-sideprocessing available to programmers via
cgi scripts, such as for retrieving informatifmom
local databases.

¢ Unlike searchengines, the welpage produced in
response to ajuery always answers precisely the
question the customer is askirapdallows avariety
of relationships, not just string matching. For
example, the figurdists flowering plant sets costing
less than $25, and theeacommendshe lowest-priced
one. Asking that query using a standard search engine
(Google)yielded"about 98,000" web pages, the first
30 of whichdid not satisfy thequery. (We got tired
afterlooking at 30.). Othersearchengines wetried
(Ask Jeeves and AltaVista) fared similarly or worse.

3.1 Programming the flower advisor with drag-
and-drop, cells, and formulas

The gardener's process of creatihg flower advisor e-
service using FAR begins with a blank wedigeset in a
larger workspaceUsing drag anddrop, thegardener can
layout the sample wepage by placing objects (cells and
tables) in the white welpage section ofhe workspace.
For example, thehreepictures, textual phraseand even
the line in themiddle ofthe webpage sectiorare cells,
and at the bottom of the wegiage sectioraretwo tables.
Cells database , field , relaton , and value are
instances of a special type of cells callgdery cells," and
aretemporary placeholdeffer values thatwill eventually
arrive in incomingqueries. All cells have attributesuch

appropriate material from the gardener's PC database. Thas size, font, color, visibility of namesd of borders and

way the gardeneruses FAR tocreatethis service is by
laying out a sampleveb pagevia direct manipulation,
specifying rules and/or spreadsheet-likdormulas for

of the cell as a whole, whichare set by direct
manipulation and through pop-up cell attribute menus.
The above mechanisms are static in the sensehbiat
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effects on the web page are the same when the web page &lue" (blank). As another example, the formula shown

delivered aghey arewhen it is specifiedThe aspect that
happens dynamically (at web padelivery time) is the

for the picture  cell (the picture oftulips mid-left in
Figure 1) returns the imagstored atthe result of the

system's choosing of appropriate content for these objectsargument, which is the value @ble(2,7)

The gardenerspecifiesthis aspectusing formulasand/or

rules to govern the behavior of all the objects in the webcommon formulas, similar

pagesection. These formulasand rules are evaluated as
soon as thegardenerenters them toprovide immediate
visual feedback, and aragain used atweb pagedelivery
time to compute thep-to-datevalues to bedelivered to
the customer.

We focus first on formulagjeferringour discussion of

rules. The reason for the use of formulas is to allow endtable(thisrow, 6)

users withspreadsheeskills to reapply theseskills to
specify the logic of their just-in-time web page&Recall

Tablesare groups of cells thatare allowed to share
to thegrids/matrices of
Forms/3 [7, 8], Formulate [1, 22], and the shared formulas
of the Lotus spreadsheesystem. For example, the
Thumbnails table has been partitionéuto two parts: the
top cellandall the others. The top cell's formula is a
string that sets the columheadingvalue to "Thumbs,"
and the remaining cells' formula(shared) is ifhage

", which producesthe thumbnail
imagesstored atthe path locations listed in column 6 of
table

that aprerequisite folusing FAR is previouspreadsheet
experience.)The FAR prototype supports some of the
usual spreadsheebperators,and also if , image, and
whose operators. For examplejf '%=3 then 10 "
returns 10 ifx is 3, andotherwise the cell's value is "no

Alternatively, a tablecan have asingle formula
defining it as avhole. For example, the@hose operator
fills in an entire table with the result ofcuery,such as
the formula for the table nameble . This formula (not
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Figure 1: Snapshot of the flower advisor e-service in FAR as it is being created by the gardener. Everything shown in the
web page area is a cell or table of cells, including the blocks of text, images, and so on.
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shown) is a group of references to the query cells along thd=AR runtime systentan automatically generate a new

top of the page, whicleurrently evaluates tofiéwers
whose Price less than 25 ". The whose operator is
automaticallygeneratedvhen the user presses thdse
Query" button in the formula window.

When the gardener isfinished setting up formulas
dependent orentries intable , some of the columns are

vocabularybased orthe cell names the user hased to
label the elements. Thecabulary is automaticallgnade
public as part of the advertisement of the service thesk
functions are automatically performed by the Fé&y&tem.
Thus, users of FARcottagebusiness owners such as the
gardener) ar@nly naively aware ofthis vocabulary and

made invisible, such as those giving filenames of images,generation ofthis vocabulary, since it is automatically
so that they will not actually appear on the web pages thataken care by the system.

are ultimately delivered to customers.

3.2 Tying an incoming query to local PC
information

Conversations about e-speak vocabulaaiesonducted
by transmitting and receiving XML documentsd hence
FAR makes use of XML for this purpose. As described in
the precedingparagraph, a service can provide own

The gardener's FAR program needs to retrieve data fronfN€W) vocabulary, or it can makese of standardized

a PC databassyhich thegardenerhas previouslycreated
using some widelyised software packageich asAccess.

To set up a relationship with thidatabasethe gardener
clicks on the database button in tio®l palette in Figure
1, andchooses theappropriate database. Onthes is

done, any cellandtables on thepage carrefer in their

formulas to elements of thdatabase. For example, as
explainedabove, the table at the bottom of tkample
web pagebeinglaid out by thegardener isreferring to a
subset of the database, namely the elements afatiabase
that have the desired price.

Near the top of the sampleveb pageare the query
cells, labeleddatabase , field , relaton , and value .
The gardener placedhese query cells using thequery
button on the tool palette. Tlygieryconsists ofseveral
cells to individually holdeachelement of a futureuery
against thedatabas¢he gardeneiselected. Aswith other
cells, the user can give query cells formulas, so dwmate
a samplequery towork with while creatingthe sample
web page. In the figure, thtgardenehas given thejuery
cells formulas with sample values in them $&glecting
items from thedrop-downmenus thateflect the structure
of the selected databaseAlternatively, the formulas can
also bespecified bysimply typing something in, as the
gardenerdid with the query cell namedvalue . As
demonstrated above, other cells' formulas can refeudoy
cells just as they can refer to any other kind of cell.

The reason a "real" query that eventually arrives from a

customer will use the same names taedener used to
label thequerycells is due to the e-speakabstraction of
"vocabularies." For example, thygierycells in thefigure
reflect the vocabulary to baised bycustomers torequest
the gardener's e-service. In thespeak world, ae-service
such as theustomized flower advisdveing createdhere,
is registeredand advertised inthe e-speak electronic

community with anaccompanying vocabulary, so that

customerdnterested inthe service can makase of it. A
vocabulary is aset of terms fordefining a service. The

vocabularies that have been created by standards
organizations for particular types of businesses. Given an
existing vocabulary of interest, the FAR system
automaticallygenerates ajuery template to match that
vocabulary, from which the useanthen deleteelements
that are not to be part of tleerviceoffered, andcan then
proceed with providing sample formulas for the remaining
elements.

3.3 Rules

Rulescan be viewed as aetwork of constraints, but
the expressive power tends to favbe predicate: asingle
rule will often include one predicate andall the desired
effects (a'push" expression). Spreadsheeformulas also
can be viewed as metwork of constraints, but with the
expressive power favoring the consequent: a cell's value is
expressed irnterms of a combination of all thdifferent
predicatesthat affect it (a "pull" expression). FAR
leveragegshe commondenominator byallowing the end
user to opportunistically switchbetween these two
programmingparadigms atny point. Theway this is
done is that every cell with a matchingpredicate is
automatically defined to be a participant in the same rule.

3.3.1 What is a matching predicate?

A cell C with an if -expression if predicate then
consequent-expressibnan bedescribed bythe tuple C,
predicate, consequent-expresgjohereC's value will be
consequent-expressiorif  predicate is satisfied, and
otherwise will be the value "no value" (displays as blank).
A group TC of table cells with awhose-expression
"databasevhose field relation-operator valuecan similarly
be described as {j;, predicate,consequent-expressign|
C; O TC}, where predicate = database.field relation-
operator valug and Cy's value will be consequent-
expression(the j'th field in the i'th databaseentry that
matchegpredicat§. Any cell that doesnot have anif - or
whose-expressiorhas thepredicate"always." Using the



above terms, all cells with the same predicate inatimve
definitions are participants in the same rule. This rule can
be described agredicate,{C, consequent-expressign¥or

all C with predicatepredicate

3.3.2 Using rules

Whenthe user selects a cells rule is automatically
displayed inthe Rules section.
2(a), the user haselectedcell subtotal
black selection bajust above it).
predicate ("always") as 10 other cells, and the rule
involving all of these cells iglisplayed.The "whenever"
label shows theredicate andthe "then/and'labels show
the consequents for evergell affected bythis predicate.
The wuser can choose to editthe
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For example, in Figure
(indicated by the
It has the same

rule (predicate,

3.3.3 An example

As Figure 2 indicates, thgardenerhas decided to
expand the floweadviceprogram. Thegardenemow has
included some query cells allowing a customendd only
buy flower advice, but also to buy flowers according to the
recommendation, ifdesired. Ifthe customerdoes not
provide quantity information, the sample values (such as 0
for gty ) will remain unchanged inthe gardener's FAR
program, and the gardener wants the program to operate as
before. However, there is groblem: under that
circumstance, the labebnd zero values for subtotal
tax , total , shipto , etc., will all display, whichwill
look amateurish on dlower advice web page to be
deliveredback to a customewho never intended to buy

consequents, or both) or any of these cells' formulas; thephysical flowers, only flower advice.

effects of the edit are propagatiaoughout the display so

that the formulasand rules remain consistent.

words, formulas and rules are alternative views oftiae
information, and either view can be edited at will.

To solve this problem, the gardener needs to change the
formula for severakells so that they show values only
when the qty cell is greater than 0. This can be
programmed in a tedious manner &yding a predicate to
every relevant formula individuallyif'(gty > 0) then

"), but without rules, all thoseluplicated predicates
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Figure 2: The flower advice example has been expanded, and the separator bar has been dragged upwards to make more
room for the rules to be visible. (a) The gardener has added cells allowing a customer to purchase the recommended
flowers if desired. The predicate of all these cells is initially "always". (b) The gardener changes the predicate, and the
results are immediately reflected in the web page section. Since qty is currently 0, the predicate is false, and the cells'
values are currently "no-value" (displays as blank).
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would introduce a maintenangeoblem. Expressinthese
semantics with a single rule solves these difficulties.

To do this, thegardenerselects any one of the cells to

be changedsuch assubtotal From this, all thecells
having the sameredicate arshown in the Rules section
(at this point thepredicatewould be aways "). This is
the point at which Figur@(a) was captured.The gardener
de-selectghe cells thatarenot desired to behanged, and
then changeghe predicate 8lways " to "qty > 0 " as in
Figure 2(b). This also changes the formulas insttlected
cells to ' (qty > 0) then ... ", so thegardener can
view and/or further edit these cells in eithetuke-oriented
way or a formula-orientedvay. As a result, thenon-
applicable labels and values disappear.

3.4 The runtime system

When the user makes tiservice available by pressing
the "Go Public" button, the runtime system started.
When it is first started, it connects to the-speak
community, and registers and advertises the searndethe
vocabulary to be used in retrieving the service.

Customers discover the gardener's sergimgrequest it
through e-speak. No speciehtures areequired of FAR
to makethis happen. Théact that the customemneeds to
know the query terminology is takencare of by using
vocabularies, as we haadready described. Ahis point,
the FAR engine simply goes to sleep untifjugery arrives
from a customer via the-speakengine's connectiowith
the rest of the e-speak community.

values and formatting information are electronically
delivered to the customer in the form of an XML
document based on the flower-based vocabulary. Since our
languagedeals with providing services(not purchasing
services)FAR doesnot control what the customeloes
with this XML document. However, in our prototype
implementation,query resultsare delivered as an XML
document to which an XSL (Extensible Stylesheet
Language) is attachedStyle sheets describe how
documentsare representedand using style sheets with
structured documentsike XML documents, some
browsers (such as Internet Explorer) automaticdityplay
XML documents according to the stylesheets.

4. Current Status and Future Work

Our researctprototype of FAR implements all of the
features described ithis paper excepthe ability to make
cells entirely invisible relative referencing in aormula,
making use of an existing vocabulagnd deselecting
objects in a rule. The prototype is written in Jawa runs
on PCs. ltcurrently allowsdatabasdnterfacingonly to
Access databases, although the language could easily allow
access toother popular PCsoftware aswell. FAR
programs are stored in XML format.

FAR is anew projectandthere are many issuedeft
unaddressed. Perhaps the most pronounced is théh&agct
although wehave usedearly evaluationdevicessuch as
representation benchmarks [2&)d cognitive dimensions
[11] to helpguidethe design ofthis language [5],there

When a query arrives, the query cells in the sample webhave been no experiments involving human useysoint

pageare updatedvith this queryfrom the customer. For
example, if the query wasraquestfor a flowerthat starts
growing in September, the table ftddwer choices at the
bottom of the page will be different, and the
recommendatiorcells at the top will contain different
value. This activity is all done automatically in
background mode, and does not generate se@rity on
the gardener's screen.

FAR is evaluatedazily, subject to the constraint that
every object on the screen is always kept up-to-daten

out mismatches with the intended audience.

Another interesting opportunity for future wogdises
from the fact that the goal of FAR hadeenonly to
support the e-business owners, not the customers.
such, we have assumed the presence of clientsitieare
that helps customersdiscover appropriate e-speak
vocabularies, services, et@and to requestsuch services.
These subtaskandothers, such as automaticatigciding
which services torequestand what to do with the
information that is ultimatelydelivered, might be well-

As

a formula needs another object's value, the latter's value iserved by aclient-side end-userlanguage,and we are

demanded. This strategymounts to about the sartiéng
as eager evaluation during the programming pros#sce
everything is on thecreen athat point. However,when
the program is later invoked to satisfy a custonequest,
the lazy evaluator strategy allovesnitting computations
that are not necessary for the particular requé&sficiency
of serving customer requests matters to gaelener, since
the program can become activeanytime a query
electronically arrives, regardless of whettiez gardener is
using the PC for other purposes at the same time.
When evaluation iomplete, the web pagetsirrent

considering ways to proceed in this direction.

5. Conclusion

FAR is anend-userlanguage forsmall e-business
owners. It supports these users in devisamyertising,
communicating about, and delivering electronic services.

FAR is a three-paradigmanguagethat draws upon
demonstratedlyisable paradigms forend users—drag and
drop layout, spreadsheets, and rule-based.at@itiantage of
combining thespreadsheet paradigmith the rule-based
paradigm is that it allows the user toexpress
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computations either in ‘gull"-oriented way or a "push"-
orientedway. That is, theuser can encapsulatdl the

logic affecting a cell in that cell's formula, or alternatively 4,
can encapsulatall logic about what the cekffects in a
rule.

The combination of thesparadigms isnot simply a
matter of supporting botparadigmsand decidingfor the
user which is best. The choice is left to the uard can
be madédefore or aftenwriting code. This is because the
use of the rule-based paradigm is as an alternative view of
the logic expressed by spreadshdetmulas. (In other 16
words, if the user chooses to viethem as such,
spreadshedbrmulasare analternative view of the logic
expressed byules andvice versa.) Thus, theuser can
opportunistically switch from one paradigm to the other.
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