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(57) ABSTRACT 

An agent-based networking system and process for building 
a data Warehouse containing application speci?c informa 
tion and for mining data therefrom. The networking system 
utiliZes functional and resource agents to communicate With 
distributed databases in order to collect pertinent data. The 
agents employ multiple strategies for identifying and resolv 
ing potential ambiguities involving information gathered by 
the process. 
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AGENT-BASED DATA MINING AND 
WAREHOUSING 

FIELD OF THE INVENTION 

[0001] This invention relates to data storage and retrieval 
and more particularly to an agent-based networking system 
for creating a data Warehouse and to a method of accessing 
the same for real time retrieval of application speci?c data. 

BACKGROUND 

[0002] The typical approach to data mining is to start With 
data Warehousing, that is, With creating an inventory of data, 
the data Warehouse, and removing ambiguous information. 
The creation of a data Warehouse is concerned With schemes 
and methods of integrating legacy databases so that they can 
be accessed in a uniform and manageable framework. This 
involves data storage, data selection, data cleaning and an 
infrastructure for updating databases once neW knoWledge 
or representations are developed. 

[0003] The data Warehouse is then used to eXtract knoWl 
edge about hidden relationships in the data (data mining). 
The problem With this approach is that data mining can only 
be performed after the Warehouse has been created, a 
process Which can take up to several years. The reasons that 
data Warehousing is so time-consuming are ambiguity and 
distribution. 

[0004] The ambiguity results from differences in the query 
languages and data formats of different databases, and may 
also be inherent in the information, for eXample, misspelling 
of names, or different names for the same street. This 
becomes all the more signi?cant as the number of data 
sources proliferates. Consider, for eXample, the information 
reaching a television set as a stream of signals that need to 
be cataloged, indeXed, and perhaps searched for interesting 
content at a higher level such as channel, programs, genre, 
or mood. Or consider the information that could be tracked 
about callers into a call center (for eXample, names, com 
pany, product or service they are calling about). 

[0005] Distribution as in the Way an organiZation’s data is 
spread across multiple databases creates a situation Where it 
is difficult to obtain an organiZation-Wide vieW on the data. 
Many relationships betWeen the data Which are crucial to 
organiZational decision-making remain unknoWn or incom 
prehensible. To derive them it is necessary to integrate the 
data from various databases. 

[0006] Management of multiple databases on an organi 
Zation-Wide basis is commonly performed by a netWork 
management system. Within a netWork management system 
an agent may be located in a Workstation or other manage 
ment device to collect information locally and provide that 
information to requesting devices When required. 

[0007] The present invention relies on a netWork of agents 
to access data in distributed databases and provide to a 
netWork management device near real-time application spe 
ci?c information. 

SUMMARY OF THE INVENTION 

[0008] According to a ?rst aspect of the present invention 
there is provided an agent-based system for creating and 
accessing a data Warehouse comprising: 
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[0009] 
[0010] a user agent connected to the netWork for initiating 
an application speci?c request for data; 

[0011] a plurality of functional agents for receiving goals 
from the user agent and for invoking processes for complet 
ing the goals; and 

[0012] a plurality of resource agents, each associated With 
one of the distributed databases, for receiving and storing 
goals from the functional agents and obtaining application 
speci?c data from appropriate databases for use by the user 
agent. 

a netWork of interconnected distributed databases; 

[0013] According to a second aspect of the invention there 
is provided a method of generating an application speci?c 
data Warehouse comprising: 

[0014] providing a netWork of interconnected distributed 
databases; providing a user agent connected to the netWork 
for entering a request for application speci?c data; 

[0015] providing a plurality of functional agents for 
receiving goals from the user agent and for invoking pro 
cesses for completing the goals; and 

[0016] providing a plurality of resource agents associated 
With the databases for receiving and storing goals from the 
functional agents and obtaining application speci?c data 
from appropriated databases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The invention Will noW be described in greater 
detail With reference to the attached draWings Wherein: 

[0018] FIG. 1 is a How diagram of one implementation of 
the present invention; 

[0019] FIG. 2 is a high level block diagram of a speci?c 
physical embodiment of the invention; 

[0020] FIG. 3 illustrates the internal structure of an agent; 
and 

[0021] FIG. 4 is a diagram of the information How result 
ing from a set of similar database entries, i.e. similar names. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The invention is based on four key components: 

[0023] distributed data integration by a netWork of 
functional agents that process goals and resource 
agents that communicate With databases; 

[0024] agents pursuing different strategies for iden 
tifying and resolving data ambiguities (con?icts 
betWeen data items) in multiple databases; 

[0025] encapsulation of database-speci?c APIs and 
extension of the functionality of databases through 
agents; and 

[0026] agents managing the Work?oWs for the stor 
age, selection, cleaning, updating and extracting of 
data and controlling the Work of other agents 

[0027] The concept of agents used is that described in US. 
Pat. No. 5,638,494 Which issued Jun. 10, 1997 to Pinard et 
al and assigned to the assignee of the present application. 
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Reference should be made to the subject US Patent for 
greater details concerning agent based networking. The 
patent describes a method of operating a communication 
system that contains multiple functional agents for receiving 
goals and for invoking a process to achieve the goals, and 
multiple resource agents, each communicating With its oWn 
resource, for receiving and storing goals from a functional 
agent, and for operating its corresponding resource in 
response to receiving the goals from a functional agent. The 
agents are interconnected into a netWork of agents Which 
provides the infrastructure for passing goals betWeen the 
agents. 

[0028] The terminology used in the present application 
differs slightly from terminology used in the US. Pat. No. 
5,638,494. In this application, process agents are referred to 
as functional agents, devices as resources, device agents as 
resource agents, and device group agents as abstract 
resource agents. 

[0029] As stated above, data mining currently can only be 
performed after the Warehouse is created, a time-consuming 
process. In an agent-based approach to data mining, required 
portions of the data Warehouse can be created on demand, 
and can be used for data mining immediately. The agent 
approach alloWs this because it deals With distribution and 
ambiguity as folloWs. 

[0030] Distribution is handled by mirroring the physical 
distribution of data in the organiZation in a netWork of 
agents, comprising functional agents that execute the Work 
?oWs required for the storage, selection, cleaning and an 
updating of data; user agents to represent the human Workers 
that initiate and participate in the Work?oW; and resource 
agents that interact With the databases through the database 
speci?c Application Programming Interfaces (APIs) and 
may also enhance the functionality of the database. 

[0031] Ambiguity is handled by employing multiple strat 
egies in one agent for identifying and resolving ambiguities. 
These are strategies such as “compare names for similar 
spelling”, “cluster persons With the same address” for the 
identi?cation of ambiguities and strategies such as “if tWo 
people have similar spelling and the same address they are 
very likely identical” for the resolution of ambiguities. 

[0032] The state of the art in data mining is surveyed in a 
special issue of IEEE Intelligent Systems (October 1996). 
The semantic integration of data for information retrieval in 
heterogeneous environments is revieWed in an article by R. 
Bayardo et al “Infosleuth: Semantic Integration of Informa 
tion in Open and Dynamic Environments” MCC, 1997. 

[0033] In the preferred embodiment of an agent, the strat 
egies for identifying and resolving ambiguities are executed 
in knoWledge sources Which communicate using a black 
board system. Blackboard systems and the concept of 
knoWledge sources have been described by Corkill in AI 
Expert, 41-47 September 1991, and by H. P. Nii “Black 
board Systems: The Blackboard Model of Problem Solving 
and the Evolution of Blackboard Architectures” 1986. 

[0034] For the purpose of illustration the invention Will be 
described using the speci?c example of processing a client 
application for a credit card (client identity veri?cation). We 
describe a possible set of agents that can perform this task 
and illustrate their interactions through a detailed scenario. 
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[0035] These agents are used in the client identity veri? 
cation application: 

[0036] Issue credit of?cer user agent; 

[0037] Issue credit card functional agent; 

[0038] Credit bureau functional agent; 

[0039] Client identity veri?cation functional agent; 

[0040] Operator user agent; 

[0041] Credit database abstract resource agent; and 

[0042] Resource agents for each database. 

[0043] The agents interact With the folloWing resources: 

[0044] Paradox, Oracle, Ingres database 

[0045] 
[0046] Operator 

Issue credit of?cer 

[0047] This scenario shoWs the interactions betWeen the 
agents and/or the resources involved in verifying the identity 
of a client, as shoWn in FIG. 1. 

[0048] The rationale for this Work?oW is that if the client 
is already in some database then don’t issue the card. This 
rationale is decomposed into a number of processes Which 
are then distributed on a netWork of interacting agents. As 
described in the aforementioned US. Pat. No. (5,638,494) 
each process de?nes a sequence of steps Which is executed 
When a speci?c goal is received by an agent. Agents trigger 
the execution of processes in other agents by exchanging 
goals. 
[0049] For example, in order to meet the above rationale, 
the ISSUE CREDIT CARD FUNCTIONAL AGENT issues 
the goals “verifyClientIdentity: aClientApplication” and 
“checkCreditHistory: aClientApplication”. In this particular 
embodiment, goals are speci?ed by a keyWord that identi?es 
the goal (for example, “verifyClientIdentity:”) and a set of 
associated parameters (“aClientApplication”). Multiple 
parameters are separated by further keyWords as in the goal 
“performSearchFor: aKey WithSearchParams: params”. 

[0050] Upon receiving a goal an agent then uses it to 
lookup the appropriate process by Which it can satisfy the 
goal. For example, the CLIENT IDENTITY VERIFICA 
TION FUNCTIONAL AGENT ?rst sends a goal to ?nd 
existing information on the client to the CLIENT DATA 
BASE ABSTRACT RESOURCE AGENT. If multiple data 
base entries related to the client can be found, but the agent 
cannot identify the ambiguities given its current strategies, 
the CLIENT IDENTITY FUNCTIONAL AGENT sends a 
goal to the OPERATOR USER AGENT to ask the human 
Operator for help. 

[0051] As described in the US. Pat. No. 5,638,494 an 
agent that requires services from another agent or a resource 
to accomplish its goals needs usage rights over that agent or 
resource. The direction of the arroWs in FIG. 1 indicates 
both the primary How of the control through the application 
as Well as the usage rights. A usage right de?nes Which 
operations an agent may perform on another together With 
capacity and quality of service constraints. Usage rights may 
be distributed in accordance With the priorities of the orga 
niZation. In this case, the priority Would equate to Which data 
mining tasks are more important than others. 
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[0052] The following is a step by step description of the 
processes involved in a client application for a credit card. 

[0053] 1. The Issue credit of?cer enters information 
on a credit card applicant into a terminal Where it is 
received by the ISSUE CREDIT OFFICER USER 
AGENT. 

[0054] 2. The ISSUE CREDIT OFFICER USER 
AGENT asks the ISSUE CREDIT CARD FUNC 
TIONALAGENT to issue a client card for the client 
application. In the goal the record of the client 
application (aClientApplication) is passed as a 
parameter. 

[0055] 3. The ISSUE CREDIT CARD FUNC 
TIONAL AGENT orders the CLIENT IDENTITY 
VERIFICATION FUNCTIONAL AGENT to verify 
the client identity for the client application (aClien 
tApplication). 

[0056] 4. The CLIENT IDENTITY VERIFICATION 
FUNCTIONAL AGENT queries the CREDIT 
DATABASE ABSTRACT RESOURCE AGENT to 
?nd relevant information for the client application 
(aClientApplication). 

[0057] 5. The CREDIT DATABASE ABSTRACT 
RESOURCE AGENT performs a fuZZy search on 
each database that holds information about keys 
(aKey) in the client application. The fuZZy search 
retrieves similar entries from the database. Similarity 
is de?ned by an appropriate distance measure. For 
example, the names “Mankovski”, “Mankovskii” 
and “MankoWski” Would be considered similar, 
because they can be derived from each other through 
simple permutations. One Way of performing the 
fuZZy search is to translate the original query into a 
number of queries for different permutations on a 
search key such as the name. Another is to retrieve 
a range of subsequent database entries and comput 
ing relative distances. The fuZZy search is used by 
one of the strategies employed by the CLIENT 
IDENTITY VERIFICATION FUNCTIONAL 
AGENT to ?nd ambiguities. 

[0058] 6. Each database resource agent performs a 
search for each requested key (aKey) using the 
speci?ed search parameters (params) and returns the 
result to the CREDIT DATABASE ABSTRACT 
RESOURCE AGENT. The fuZZy search might 
involve multiple requests to the database resource 
agent. 

[0059] 7. The CREDIT DATABASE ABSTRACT 
RESOURCE AGENT consolidates the information 
retrieved from its database resource agents a list of 
database entries that match the query to the CLIENT 
IDENTITY VERIFICATION FUNCTIONAL 
AGENT. 

[0060] 8. The CLIENT IDENTITY VERIFICATION 
FUNCTIONAL AGENT uses its strategy to ?nd 
ambiguities in the information returned by the 
CREDIT DATABASE ABSTRACT RESOURCE 
AGENT. Examples of strategies are to look for 
apparent misspellings, for previous, failed credit 
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applications by the client, or for records on credits 
applied for by the client’s spouse. 

[0061] 9. The CLIENT IDENTITY VERIFICATION 
FUNCTIONAL AGENT resolves ambiguities iden 
ti?ed in the previous step. This may include inter 
action With a human operator, if the agent could not 
resolve an ambiguity With suf?cient certainty. In this 
case it asks the Operator to verify the information. 

[0062] 10. The CLIENT IDENTITY VERIFICA 
TION FUNCTIONAL AGENT consolidates the 
veri?ed information and, if there is any evidence of 
the client already being in the database, returns it to 
the ISSUE CREDIT CARD FUNCTIONAL 
AGENT. 

[0063] 11. If no evidence has been found, the Credit 
identify veri?cation Work?oW can continue, for 
example, With checking the client’s credit history. 
The ISSUE CREDIT CARD FUNCTIONAL 
AGENT proceeds by sending a goal to the CREDIT 
BUREAU FUNCTIONAL AGENT to check the 
credit history of the client. The remainder of that 
Work?oW is not shoWn. 

[0064] FIG. 2 shoWs a speci?c physical embodiment of 
the invention. The system components are connected by a 
LAN. The computers PC 1 and PC 2 are connected to the 
LAN. PC 1 is used to enter client information and to trigger 
a client identify veri?cation. PC 2 is used to interact With the 
Operator When the application requires the Operator’s inter 
vention. 

[0065] The computers Host 1 to Host 7 are also connected 
to the LAN. The agents and database resources run in 
programs on these computers. 

[0066] Host I hosts Functional Agent 1 and Functional 
Agent 2. Functional Agent 1 is a program that executes the 
logic of the ISSUE CREDIT CARD FUNCTIONAL 
AGENT. Functional Agent 2 executes the CREDIT IDEN 
TITY VERIFICATION FUNCTIONAL AGENT. Host 2 
hosts the user agents for the Issue credit of?cer and the 
Operator. User Agent I executes the ISSUE CREDIT 
OFFICER USER AGENT, User Agent 2 the OPERATOR 
USER AGENT. Host 3 hosts the CREDIT BUREAU 
FUNCTIONAL AGENT. 

[0067] The CREDIT DATABASE ABSTRACT 
RESOURCE AGENT executes on host 4. The database 
resource agents for the Paradox, Oracle and Ingres databases 
run on hosts 5, 6 and 7, on the same hosts as the actual 
databases. 

[0068] FIG. 3 shoWs the internal structure of an agent. In 
this embodiment, each agent has a head-body architecture 
found in many agent-based systems. A head-body agent has 
tWo subsystems: a control subsystem (head) and an action 
subsystem (body). The head processes external goals, Which 
have been sent by other agents, as Well as internal goals, 
Which result from the decomposition of an external goal, or 
to internal triggers generated in the body. The body interacts 
With external resources and provides the mechanisms for 
sending goals to other agents. Head and body communicate 
through a common blackboard. 

[0069] The head comprises a goal resolution area, and a 
set of process and strategy knoWledge sources The 
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goal resolution area receives incoming goals and posts them 
to the appropriate process KS. Each process KS implements 
a Work?oW or subWork?oW. It operates by decomposing 
goals into subgoals and tasks. For further details refer to 
aforementioned US. Pat. No. 5,638,494. Subgoals are 
posted back to the goal resolution area, and tasks are 
processed by knoWledge sources in the body. Each subgoal 
is then posted to another process KS or a strategy KS. For 
example, the process KS for handling “verify the client 
identity” service requests activates the “similar names” 
strategy by posting a subgoal to it upon receiving such a 
service request. In addition, a process KS can post data to the 
blackboard and read hypotheses from the blackboard, Which 
Were posted by a strategy KS. This is another Way process 
and strategy KSs communicate. 

[0070] Each strategy KS implements a strategy for detect 
ing and resolving ambiguities in the data posted to the 
blackboard by a knoWledge source in the body. It employs 
a mixture of algorithms (for example, for computing the 
similarity betWeen tWo database entries), and if-then rules, 
as they are found in expert systems, and produces hypoth 
eses Which are posted to the blackboard Where they become 
visible to process KSs and other strategy KSs. During its 
execution, a strategy KS also reads data from the blackboard 
previously posted by a process KS. 

[0071] For example, given a set of similar database entries 
as in FIG. 4, the “similar names” strategy KS Would post a 
hypothesis that different database entries actually represent 
the same client. This hypothesis Would then trigger if-then 
else rules in the KS, Which may result in the conclusion that 
the client should not be issued a card. This conclusion is 
again posted to the blackboard as a hypothesis. This hypoth 
esis is then interpreted by the process KS Which activated the 
“similar names” strategy KS as a result to the service request 
to verify the client identity. FIG. 4 shoWs the trace of the 
resulting How of information. 

[0072] The body contains a set of agent adapter and 
resource adapter KSs. Each agent adapter KS provides a 
mechanism to send a goal to another agent over Which this 
agent has a usage right. It triggers When an outgoing goal is 
posted to the blackboard by one of the process KSs. Each 
resource adapter KS provides an interface to an attached 
resource, for example, a database. It can interpret tasks 
posted to the blackboard and translates them into appropriate 
API calls on the resource. It also interprets callbacks from 
the resource as triggers to knoWledge sources in the head. In 
particular the callback can be used to pass back a result to 
a service request (for example, a database query). For further 
details see the US. Pat. No. 5,638,494. 

[0073] The invention can be applied to improve call center 
routing. 
[0074] Here data mining Would be used to match an 
incoming call With the most appropriate human agent. 
Conventionally, a call center application maintains a data 
base of customers and information on previous calls by these 
customers (such as a trouble-ticket number). HoWever, the 
information that can be used to match a caller to a human 
agent is limited to “hard” information such as the caller id 
or a trouble-ticket number. Such hard information is not 
alWays available, for example, the caller might be calling 
from a hotel (not from his home) phone. 
[0075] The name of the customer is already a piece of 
“soft” information, because of the different Ways a name 
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could be entered by the attendant taking the call When it ?rst 
arrives at the call center. In the described scenario of a caller 
calling from a hotel phone, other information must be taken 
into account to route the call. One application of the inven 
tion Would be to ask the caller a series of questions (name, 
trouble ticket number, contact, etc.), making use of speech 
recognition or based on the information entered by the 
attendant, to identify Whether the caller has called the center 
before, Whether it is an important customer etc. so as to 
alloW routing to the appropriate human agent. 

[0076] In summary, more information about a caller can be 
used to make better routing decisions in a call center (“soft” 
information being an example). The information Will be 
ambiguous and distributed on multiple databases. The 
mechanisms described in the present application address 
these issues and can thus improve the quality of response of 
a call center application. 

[0077] While particular embodiments have been described 
and illustrated it Will be apparent to one skilled in the art that 
numerous changes can be made to the basic concept. It is to 
be understood that such changes Will fall Within the scope of 
the invention as de?ned by the appended claims. 

1. An agent-based system for creating and accessing a 
data Warehouse comprising: 

a netWork of interconnected distributed databases; 

a user agent connected to the netWork for initiating an 
application speci?c request for data; 

a plurality of functional agents for receiving goals from 
said user agent and for invoking processes for com 
pleting said goals; and 

a plurality of resource agents, each associated With one of 
said distributed databases, for receiving and storing 
goals from said functional agents and obtaining appli 
cation speci?c data from appropriate databases for use 
by said user agent. 

2. An agent-based system as de?ned in claim 1 Wherein 
said netWork is a local area netWork and said agents 
and databases are operating in computers. 

3. An agent-based system as de?ned in claim 2 Wherein 
said agents employ speci?c strategies for identifying and 
resolving data ambiguities in said distributed databases. 

4. An agent-based system as de?ned in claim 1 Wherein 
each of said agents have a control subsystem (head) and an 
action subsystem (body). 

5. An agent-based system as de?ned in claim 4 Wherein 
said control subsystem (head) includes a process knoWledge 
source and a strategy knoWledge source. 

6. An agent-based system as de?ned in claim 4 Wherein 
said control subsystem (head) includes a set of process 
knoWledge sources and a set of strategy knoWledge sources. 

7. An agent-based system as de?ned in claim 4 Wherein 
said action subsystem (body) includes an agent adapter 
knoWledge source and a resource adapter knoWledge source. 

8. An agent-based system as de?ned in claim 4 Wherein 
said action subsystem (body) includes a set of agent adapter 
knoWledge sources and a set of resource adapter knoWledge 
sources. 

9. An agent-based system as de?ned in claim 4 including 
a blackboard betWeen said control subsystem (head) and 
said action subsystem (body), said blackboard for use in 
communicating betWeen said subsystems. 
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10. An agent-based system as de?ned in claim 3 for 
mining data relating to issuing credit cards. 

11. An agent-based system as de?ned in claim 3 for 
mining data relating to telephone call routing. 

12. A method of generating an application speci?c data 
Warehouse comprising: 

providing a netWork of interconnected distributed data 
bases; providing a user agent connected to said netWork 
for entering a request for application speci?c data; 

providing a plurality of functional agents for receiving 
goals from said user agent and for invoking processes 
for completing said goals; and 
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providing a plurality of resource agents associated With 
said databases for receiving and storing goals from said 
functional agents and obtaining application speci?c 
data from appropriated databases. 

13. A method as described in claim 12 Wherein said 
netWork of distributed databases is interconnected through a 
local area netWork (LAN) and said databases are operating 
in computers. 

14. Amethod as described in claim 12 Wherein said agents 
have a control subsystem (head) and an action subsystem 
(body). 

15. A method as de?ned in claim 14 Wherein said sub 
systems communicate via a blackboard. 

* * * * * 


