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Abstract

In E-commerce processesyarious rules and constraints regarding product speci cations, pricing,
terms and conditions are exchanged between vendors and buyers. Developing a formal model for
those rules and constraints givesa foundation for new E-commerce applications. Our approach is to
develop a constraint database holding these conditions as dynamic constraints and provide a query
language, called dynamic constraint algebra (DCA), for retrieving and matching businessconstraints.
In this paper, we describe a system for processingDCA queries, its system architecture, constraint
language, and graphical user interface for interactiv ely querying over a database containing pricing
and combination rules of products.

1 Intro duction

Formalizing various rules and constraints appearing in businessprocessesas a great potential toward
advancedintelligent businessautomation. E-commerceprocessesnvolve matchmaking and negotiation
between buyers and vendors. Such processednvolve exchange of a wide variety of conditions such as
price, discourt, and delivery.

RuleML[4] is a standardization project aiming at providing XML interfacesfor rules and formulas
as a part of Semartic Web. RuleML incorporates researt results on businessrules from [11] and IBM
Common Rules[13. EContracts[17][18] provides a formal model for machine-interactible and analyz-
able E-commerceinformation, and provides Commerce Automata for matchmaking buyer and vendor
conditions.

To formally represen and handle businessconstraints, we have introduced the notion of dynamic
constraints[14]. A dynamic constraint is a condition attached to an object or a set of objects, and
it constrains values an object can take, or constrains relationships among a set of objects. We use
quanti er-free Booleanformulas on equalities as dynamic constraints, which are suitable for represening
E-commercenegotiation constraints sud as choices,combinations, and dependencies.

Constraint databases[2}8][7][19] have been studied for storing and querying constraints. Any de-
cidable constraints having quanti er elimination can be chosen as database objects, and rst-order
gueries on constraints in e ect perform quanti er elimination to obtain quarti er-free constraints as
query results[19.

In our previous work[14], we de ned a new query algebra, called the dynamic constraint algebra
(DCA), which has special operations for querying a variety of properties of dynamic constraints. Those
properties include satis abilit y, cardinality of constraint solutions, and dependencieshetweenconstraints
and variables.

The following new featurescan berealizedby utilizing the DCA and databasesof dynamic constraints:

Intelligent matching of multiple buyers and suppliers is possible, instead of today's hard-coded
online sites or natural language-basedrder descriptions.

Evenif a buyer's purchasingplan includesincomplete informations sudh asunspeci ed or candidate
values, the buyer can seard potentially- or partially-matc hing suppliers.



Although buyers and suppliers can freely describe dynamic constraints, the same query can be
executedover suc diversi ed constraints.

In this paper, wereport our prototype systemof a DCA databasefor businessconstraints. We describe
the system architecture, constraint language,and especially its graphical user interface for interactively
accessinghe database.

2 Dynamic Constrain t Algebra

In this section, we describe the Dynamic Constraint Algebra (DCA)[14][15] as our underlying formalism
for modeling businessconstraints. Constraint databases[1Phave beenstudied asa powerful approach for
extending querying power of databasesfrom the traditional relational databasemodel. The key idea of
constraint databasesis that instead of storing a collection of tuples as data represetting the real world,
constraint databasesstore collections of constraints. Constraints are logical formulas having truth values
for a given (ordinarily) tuple. The facts a constraint databaserepreserits is the set of tuples satisfying
one of the constraints. By this way, constraint databasestruly extend the expressie power of relational
databases. Constraint represenation of data also allows exible logical operations on constraints, while
deductive databaseshave restrictions on evaluation order of Horn clauses. Constraint databasesare
suitable for E-commerceapplications, sincebusinessrules canbe directly represened asdatabaseobjects,
and constraint-solving approac is necessaryfor matching complicated buyer's and vendor's constraints.

In the following, in stead of giving full formal de nitions, we describe the DCA to be su cien tly

constraint . The values are either constarts or variables. Any classof constraints can be used for

if the satis abilit y problem is decidable in the class. We particularly choosethe class of equivalence
constraints such that equalities of the form x = \120%or x = y are connectedby logical operations *
(AND), _(OR), : (NOT), ! (IMPLICA TION). An exampleof constraint relations is shavn in Figure 1.
The classof equivalenceconstraints can represert Boolean combinations of possibleconstarts, which are
frequert in selling and buying constraints.

pid ltem Mo del | Price | Buy || Condition

pO MPU mi P1 by (m1 = 500_ m; = 750) "
(m1 = 500! pp = 249)"
(my = 750! p; = 399)

pO0 | RDRAM mo p2 b m, = 128MB_m, = 256MB

pO0 | SDRAM | 128MB | 100 bs T

p0 Fan Twin 60 by mi = 750

p0o Fan Single ps bs (b=1! p3=30)" (b =
0! ps= 40)

Figure 1: Constraint relation

In addition to the general framework of constraint databases,our approach of the DCA has the
following unique features:

We do not supposea prede ned setof variableswhich appearin constraint relations. Most of existing
constraint algebrassuc as[2] usea simple schemastructure suc that ead attribute is equivalert to
a constraint variable. On the other hand, our constraint relation rather originates from conditional
tables[1][1Q. This is basedon the obsenation that businessrules of E-commercehave dierent
formulations among products and vendors, soit is dicult to de ne a xed scema/signature of
variables, as constrainsin the databasecan be added or updated astime goeson.

First-order querieson constraints can be formulated by Boolean operations of constraints and by
quanti cations over variables. We needto specify argumert variables, although we do not assume
the existence of a prede ned variable schema. To support querying on such variable schema-
free constraints, we have introduced dynamic constraint operations to quantify variables without



explicitly specifying them. These operations use meta information on occurrenceof free-variables
in constraints. Dynamic constraint operations also have cardinality queries, which is represened
by extended monadic second-orderogic. Thesefeaturesare not coveredby the constraint algebras
of [2][4[10].

In the following, we describe the operations of the DCA. The standard operations of the traditional
relational algebracan be extendedto the constraint databaseversion, where constraint of ead tuple can
be manipulated by these operations.

Union, Dierence, Cartesian Pro duct: For constraint relations r and s, the union, di erence
and Cartesian product are denotedasr [ s, r s, andr s, respectively. Boolean operations on
constraints are assaiated to those set operations. For r s, onetuple of r and onetuple of s are
joined and AND of their constraints becomesthe constraints of the newtuple. The dierencer s
is more complicated but we do not usethis operation in this paper.

Selection, Pro jection, Substitution:  For a constraint relation r, g(r) givesthe selectionof r
by the condition formula F, where ead tuple's constraint is combined with F by AND, and the
tuple will bein the result if the new constraint is satis able. The projection (r) is similar to the
traditional projection. The substitution S (r) givesthe constraint relation such that is a mapping
from variablesto constarts, and eac variable v in r is replacedby (v), and the new tuples whose
constraints are satis able will be in the result.

The following three operations are dynamic constraint operations, and they are unique to the DCA.
The Boolean operation givesuniversal or existertial quarti cation over all the variables of eat tuple's
constraint. The cardinality and dependency operations are specialized on the classof equivalencecon-
straints, where number of satisfying constarts of a certain variable is examined.

Boolean: The Boolean operation has two forms: Bt and By . Bt (r) returns tuples whosecon-
straints are true, while By (r) returns tuples whoseconstraints are unsatis able, i.e., there exists a
constart assignmem which makesthe constraint false.

Cardinalit y: The cardinality operation Cjajx nds tuples satisfying the cardinality predicate
jAj k suc that A is an attribute, jA is the number of constarts suc that the tuple's constraint
is satis able if the constart is assignedto A, is a comparisonoperation in f<; =;>g, and k is a
non-negative number where k can be the in nit y symbol inf.

Dep endency: The dependency operation has two forms: D¢, (a) pep @and Dy pep. Here,Depis
the set of variablessuc that a tuple's constraint is dependert on. For eat tuple, Depis calculated
and the predicate cv(A) Depor x Depis evaluated. Symbol cv(A) is a variable on attribute A, if
the value for A is actually a variable; otherwise the predicate is evaluated as true. Symbol x is a
variable; this form is usedfor directly specifying a variable. Symbol is a membership operator in
f2 ; 62g Dependencyoperation canbe usedto nd tuples satisfying a given dependencyrelationship
betweenvariables and constraints.

Adopting constraint databaseshas drawback of increasedcomplexities in query evaluation. Testing
satis abilit y of equivalenceconstraints is NP-complete. However, in practical situations we have to pay
attentions on what subclassesof constraints we are actually dealing with. We could nd a number of
polynomial-time solvable constraint subclasses.

3 A Constrain t Language

We have de ned an XML-based languagefor constraint databases. Its DTD (documert data type) is
shown in Figure 2. The syntax structure of the constraint languageis rather simple: A table elemen hasa
setof tuple elemers, tuple elemeris have value elemeris and a condition elemert (cond and condxml tags;
where cond is a text versionand condxml is a tagged-version). A condition elemen contains constraints



formed asa list of Booleanfunctions, where ead function is de ned asa formula over equality predicates
and function symbols.

Translating the constraint languageto RuleML[4] shall be straightforward except the point that
RuleML needsto be extended to include constraint clausesin rule bodies, for testing and modifying
constraints during query evaluation.

<IELEMENTable (tuple)*>

<IATTLIST table nameCDATA#IMPLIED>

<IELEMENTuple ((value)*,(cond| condxml)) >

<IATTLIST tuple tid NMTOKEMMPLIED>

<IELEMENTWValue (cons|var)>

<IATTLIST value atrid NMTOKEAXMPLIED atrname CDATA{IMPLIED>
<I[ELEMENTond (#PCDATA)>

<IELEMENTondxml (expr)+>

<IELEMENEXpr (parleg|neg|fdef| and|or| xor[i mgy |not| func| dvalb ool)* >
<IELEMENTdef (func,expr)>

<IATTLIST fdef delay (0|]1) #REQUIRED>

<IELEMEN®Eq ((var|cons),(var  |co ns)) >

<IELEMENTeq ((var|cons),(va r|c ons))>

<IELEMEN®Par (par|eglneqg|fde fla nd|or[x or|im ply| not|f unc|d va| bool )*>
<l[ELEMEN®Bnd EMPTY>

<I[ELEMENDr EMPTY>

<l[ELEMEN%&or EMPTY>

<IELEMENTmply EMPTY>

<I[ELEMENThot EMPTY>

<l[ELEMENTunc EMPTY>

<IATTLIST func name CDATA*REQUIRED>

<l[ELEMENWVar EMPTY>

<IATTLIST var name CDATAREQUIRED>

<!IELEMENDool EMPTY>

<IATTLIST bool value (0]1) #REQUIRED>

<I[ELEMENTons (#PCDATA)>

<IELEMENTva (func,(var|(boo [|( var| bod) *)) )>

<IATTLIST dva type (bool|card|dep) #REQUIRED>

Figure 2: The DTD of the constraint language

4 System Arc hitecture

We have deweloped a system for querying and manipulating businessconstraints using the DCA. The
architecture of the systemis depicted in Figure 3. The DB Interface parsesinput constraint databases,
where ead table is formated using the constraint languageof Figure 2. The Query Parser parsesinput
query les and performstop-level query processingn the processinghierarchy. The Query Processorsplits
dynamic constraints and inserts intermediate operations and hands those to the Constraint Translator.
Here, intermediate operations are generatedfrom DCA operationsand usedto evaluate chunks of dynamic
constraints.

The Constraint Translator transforms dynamic constraints into propositional formulas and alsogener-
ates Boolean operations expandedfrom intermediate operations. The translation algorithm is described
in [14]. Theseoutputs are sert to the Propositional Formula Processor,where model cheding for test-
ing requested properties is carried out. Binary decision diagrams are used for propositional formula
manipulation[21][6]. The results are handed to the Query ProcessingEngine, where resultant relations
are produced.

The system has an Web-baseduser interface, which we will describe in Section 5.
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Figure 3: System architecture

5 Web Interface

In this section, we describe the Web Interface of the system. The Web Interface consists of two com-
ponerts: (1) Order and (2) Query. Order (Figure 4) is intended to be used by a buyer to conform a
constraint relation represering the buyer's requests. Query (Figure 5) is usedto composea query, using
the constraint relation of Order. Query also displays query results.

As application data, we use product speci cations of personal computers(PCs). One PC model
consistsof a list of parts, such as MPU, Memory, Video Card, and ead part has price information and
constraints such that onepart canor cannot be selectedtogether with another parts. There are alsorules
for discourts such asgiving discourts for speci ¢ combinations of parts. The buyer can chooseparts and
con gure his/her own PCs.

Existing PC vendor sites require buyersto Il all the choicesto ched price and validity of choices. It
is alsoa hard task to visit many sitesand try a large number of combinations. On the other hand, in our
systemthe buyer can describe his/her requestsusing a constraint relation, and by joining the constraint
relation with the database of product constraints, PCs satisfying given speci cations are found. It is
possibleto seard by partial specication and to seard multiple vendorsby a single query.

The following requiremerts are consideredto be necessaryfor the Web Interface.

Guiding the userto enter constraints and queries, especially without knowing the syntax of the
guery and constraint languages.

Assisting the user to verify whether entered queriesand constraints are what he/she is intended.
Also assistthe userto correct wrong parts.

Displaying query results (in the form of constraint relations) in an easily understandable form.

The Web Interface is implemented using Java and its GUI componerts Swing. We describe the
functionalities of the interface below.



1. Order preserns the user a list of constraint templates so that the usercan Il the templates with
variables and constarts (Figure 6). Currently four typesof templates are provided.

2. Order provides a list of variables and constarts necessaryfor entering a constraint relation. The
variables and constarts are extracted from the product constraints, where one variable hasa list of
constarts as a subsetof its domain. The user can selectone variable and a set of constarts from
a pull-down list, or add a new variable/constant(Figure 7 and Figure 8). Cheding the syntax of
entered constraints is carried out immediately.

3. Query provides templates of operations and a list of possibleargumerts for assisting the userto
enter a query (Figure 9). The user'sconstraint relation entered using Order can be joined with the

product constraints by a prede ned query macro. The usercan alsowrite a query in the text area
below.

4. Query displays a constraint relation as a query result. One constraint tuple may have complex
constraints, so that constraints for a selectedtuple can be displayed separately in the lower box

(Figure 10). Constraints may be displayed in natural languagesertencesto help reading the con-
straints.

The Web Interface realizesbasic functionalities for interactively matching and searding buyer and
vendor's constraints, and examining properties regarding how one's constraints are satis ed. We brie 'y
summarize our experienceand obsenation using the system below:

The processof nding satisfying products under given constraints was realized using the system,
where interactiv e sessionf gradually adding constraints were e ectiv e.

The interface functionalities of viewing constraints of a selectedtuple in a separatedwindow and
summarizing constraints using natural languagetexts were e ective. However, constraints some-
times becomelengthy, and in such caseswve believe that more advancedinterfaces,sud asreordering
and navigating within constraints and intro ducing graphical visualization, are necessary

6 Conclusion

In this paper, we described our prototype of a constraint database system for businessconstraints,
including the userinterface functionalities for querying businessconstraints.

It is natural to assumethat di erent ontologiesare usedamongdi erent vendors. Henceit is necessary
to incorporate semartic web technologiesinto query processing,to bridge the semaric gap. Howewer,
we must point out that evenif a commonontology is used, businessconstraints can be still diversi ed in
logical structures. In that respect, our approac of building databasesof businessconstraints and o ering

querying functionalities is e ectiv e. Building more application-speci ¢ web interfacesis another future
plan.
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Figure 4: Order: web interface for erntering constraint relations

Figure 5: Query: web interface for interactive querying



Figure 6: Order: specifying con- Figure 7: Order: choosinga vari-
straint templates able in building constraints

Figure 8: Order: choosinga constraint in building constraints



Figure 9: Query: choosinga query operation and argumerts

Figure 10: Query: viewing constraints of a query result

10



