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(57) ABSTRACT 

(51) 

Records in databases or unstructured ?les are enriched With 
metadata and are indexed for retrieval by a search engine. In 
response to a search request, a graphical user interface (GUI) 
control based on the metadata associated With the search hits 
is constructed and displayed With the search results in a stan 
dard vieW. Selection of a metadata value via the GUI control 
?lters the previously matched records doWn to those match 
ing the value selected via the GUI control. The metadata in the 
search results is arranged in a tabular vieW Which is embedded 
in the display of search results and rendered invisible until 
selected by the user. Reports can be constructed from an 
identi?er each returned record set for presenting, analyzing 
and modifying the data, and for generating further reports. 
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APPARATUS AND METHOD FOR 
CONDUCTING SEARCHES WITH A SEARCH 
ENGINE FOR UNSTRUCTURED DATA TO 
RETRIEVE RECORDS ENRICHED WITH 
STRUCTURED DATA AND GENERATE 

REPORTS BASED THEREON 

BACKGROUND OF THE INVENTION 

[0001] The present invention provides a method for 
searching an index of structured and unstructured incoming 
data received from remote locations on a Wide area netWork 

or global network, eg the Internet or an enterprise intranet. 
More speci?cally, the invention provides for capturing and 
enriching data records With metadata or appended data, and 
accessing the data through the use of a search engine 
designed for searching unstructured or free-form data. 
[0002] Such search engines are in common use. Examples 
presented herein have been speci?cally tested for use With 
the familiar Google® search appliance and Internet search 
engine. HoWever, the teachings herein are adaptable for use 
With other search appliances and engines useful in searching 
records on the Internet and on private intranets, often 
con?gured by business enterprises to enable access to data 
from diverse locations, e.g., the open source Lucene search 
engine licensed by the Apache Software Foundation. 
[0003] Referring to FIG. 1 of the draWings, Internet search 
engines, such as Google®’s, typically index information that 
is ‘unstructured’. Each record has information of a different 
type than the next record. Such search engines can also 
index the ?elds in structured databases but treat the data 
similar to unstructured text. 
[0004] To conduct a search users type a Word or a set of 
keyWords and then submit their natural language query to 
the search engine. The search engine returns a set of results, 
knoWn as “hits”, each of Which contains: 

[0005] a uniform resource locator (URL) for the source 
document Which can be either unstructured data (text or 
Word processor document) or structured data (database 
record); 

[0006] a snippetithe description of the search result, 
and a link, for example, to the cached source in the 
index. 

[0007] Some search engines return all records found in a 
search of an index, but others, e.g., Google®, generally 
return only a subset of the most relevant results (URLS)i 
usually up to 1000 hits. For example, even though a search 
query may have one million hits, the engine Will return only 
the ?rst 1000 most relevant search results. If a user needs 
additional results, i.e., if the user Was not able to ?nd What 
Was sought Within the ?rst 1000 results, the user Would have 
to re?ne the search Words by adding or replacing Words and 
submit them as a neW query. This limitation is pragmatic 
since the expectation is that if a user does not ?nd the results 
Within the top most relevant hits, it Will be more e?icient to 
re?ne the query than to page through all one million hits. 
[0008] Search engines typically display approximately 10 
search results per page. Usability studies indicate that the 
majority of the users, especially enterprise users, expect to 
?nd What they are looking for Within the ?rst 3 pages (30 
search results). If they do not ?nd it, they resubmit the query. 
This process is inef?cient, because: 
[0009] The user has no other Way to gain insight about 
What may be in the search results except by reading the 
snippets of all of the results. Snippets are generated by 

May 1, 2008 

algorithms. Sometimes they are not understandable. Such 
snippets can also be misleading. 
[0010] There is no guarantee that replacing the old results 
With neW results Will be more useful given that the user 
re?nes the search Without much knoWledge about the struc 
ture content of all 1000 previous results. 
[0011] Unlike unstructured information, structured infor 
mation has the property that the information is all of the 
same type, and the components of the information can be 
identi?ed by tags or ?eld names. The information that is 
structured may be intended for storage in relational data 
bases for example. For each data element that is described 
by a ‘?eldname’, there is a ‘?eldvalue’. 
[0012] Structured databases contain uniformly structured 
records, each of Which has the same named categories of 
information, referred to as ?elds, and one or more values for 
each ?eld in the records. That is, records are each composed 
of ?eldname-value pairs, sometimes herein referred to as 
tag-value pairs, name-value pairs, or FIELD_Name, Field_ 
Value pairs, such as those shoWn in Table 1 below. 

TABLE 1 

Fieldnalne Value 

ACCIDENTDATE 090106 
TYPELOFLACCIDENT auto crash 
COUNTY HUDSON 
INJURED l 
NAMELOFLINJUREDOI JOHN SMITH 
HOSPITAL Hackensack General 
ADMITTINGLDOCTOR ROBERT JONES 

[0013] Users of a search engine ?nd information by enter 
ing a search term. This is usually on one or more data values. 
For example, if a user enters the search information as 

“Smith”, among the “hits” (search engine ansWer set) Would 
be the sample record shoWn in Table 1 above. 
[0014] HoWever, the sample record of Table 1 Would be 
included in the hits no matter Which ?eld had the value 
“Smith”. That is, “Smith” could be the value of the ?eld 
ADMITTING_DOCTOR, or of the ?eld NAMEOF_IN 
JURED, or of the ?eld COUNTY. Hence a search for 
hospital records With a patient’ s name of “Smith” Would ?nd 
records Where the patient’s name Was “Jones” if the doctor’s 
name Was “Smith”. Or a search for hospital records With a 
patient’s name of “Smith” Would ?nd records Where the 
patient’s name Was “Adams” if the patient Was in an 
automobile accident in Smith County. 
[0015] Even though the number of records having infor 
mation of interest to a searcher might be very small, the 
number of hits could occupy many pages, most containing 
irrelevant information, making it very dif?cult for the 
searcher to ?nd What Was Wanted. Some ?ltering may, 
therefore, be appropriate. 
[0016] Search results are usually displayed in a static 
form, giving users almost no ability to analyZe or perform 
any manipulation of the returned results Within the search 
results page. At most, users can sort the results by relevance 
or by date, and they can do this only When they are 
connected to the server. If they are of?ine, they loose even 
the ability to sort by relevance or date, hence storing search 
results has little usefulness. These limitations severely con 
strain the ability of users to e?iciently analyZe and manipu 
late search results to make faster and more informed deci 
s1ons. 
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[0017] While this limitation may not be as obvious When 
searching completely unstructured data, such as Word pro 
cessing documents, it becomes quickly apparent When users 
search structured data sources. 
[0018] An example of such application Would be the 
search of retail or inventory databases. In both cases the 
search engine may return hundreds of records Within differ 
ent categories and different price ranges. A mere sequential 
listing of these records is not very useful. A tabular vieW 
Would be more appropriate. 
[0019] Users Want to manipulate tabular data as Well as 
transform it in order to make informed decisions. A dynamic 
tabular vieW offers the user the ability to sort the data by any 
of the available categories, such as gender, product category, 
sub-category, price range, price, color, etc. 
[0020] In a dynamic table a user can quickly ?nd not only 
the minimum price, but also the minimum price Within each 
category. A user can also pivot the data, i.e., display product 
prices by brand and category in order to compare and 
contrast. An inventory manager can sum the quantities 
directly in the search results, instead of having to go to other 
applications to perform this task. The prior art offers no 
search tool having analytic capabilities and a facility for data 
transformation Within the search results. Prior art search 
systems fail to make analysis, manipulation and storing of 
search results meaningful. 

SUMMARY OF THE INVENTION 

[0021] The present invention overcomes the aforemen 
tioned problems of prior art search engines in providing a 
method for Zeroing in on the hits returned by a search that 
are most relevant to the user. The method of the invention 
WinnoWs doWn the number of hits returned by a search 
request thereby enabling the user to ?nd only the one or 
more relevant items from a potentially much larger list of 
search results obtained from an inquiry to a search engine. 
[0022] In order to structure the data of interest for being 
able to isolate the records of information containing subsets 
of that data, the data of interest is indexed by embedding tags 
corresponding to ?eld names in association With each value 
for the ?eld name. Thus, at least some items in the result list 
Will have embedded tags that Were placed there during the 
indexing process. 
[0023] As part of the indexing process, and prior to the 
indexing itself, a database record or a transaction that is 
being entered in the database is enriched With metadata. The 
metadata comes from the database as FIELD_Name, Field_ 
Value pair. The “Field Name” is the name of the database 
?eld, and the “Field_Value” is the corresponding value for 
the particular record being passed through the process How. 
[0024] For example, a particular employee expense trans 
action having unique IDIIO can be passed through the 
process How and enriched With Department information that 
is retrieved from the ?eld DEPARTMENT and the ?eld 
value corresponds to the department to Which the employee 
belongs, e.g., MARKETING. 
[0025] The Field/Value pair is passed and encoded in the 
search results URL. Any number of Field/Value pairs can be 
passed and encoded in the URL. Field descriptions can also 
be passed if the ?eld names are not self-explanatory. 
[0026] The metadata encoded in the URLs is used to build 
a graphical user interface (GUI) control, e.g., a navigation 
tree, for the search results. Although the navigation tree has 
been found to have the broadest application and is most 
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Widely used, other GUI controls may also be used to re?ne 
searches by searching metadata With Which indexed records 
have been enriched. Such controls include, Without limita 
tion, accordions, calendars, e.g., for specifying dates, clocks, 
e.g., for specifying time, sliders, eg for specifying numeri 
cal ranges, and maps, e.g., for specifying geographic loca 
tions. TWo or more such controls can be displayed simulta 
neously and each can be activated to re?ne the searches. 
[0027] The ?eld name or description is used to build the 
nodes of the tree, and the values are used to construct the 
leaves Within each node. The tree is initially presented to the 
user in a collapsed form, e.g., only the nodes are visible. The 
user can expand the tree one node at a time. The tree can 
have multi-level nodes if the data is hierarchical. 
[0028] When the user clicks on a value Within a node, the 
search results, Which can number 1000 or more snippets 
corresponding to 1000 or more respective records, are 
?ltered by passing a further search request as a meta query, 
i.e., a query to search for the selected tag-value pairs in the 
metadata With Which the records have been enriched, and 
only the URLs containing that value remain displayed. 
Hence, the user is able to narroW the search results based on 
data contained in the search results, Without having to 
further re?ne the original search request. Using the metadata 
to construct a search results navigation tree alloWs the end 
user to immediately perceive the underlying structure of the 
search results and to leverage the knoWledge of the data to 
re?ne the initial search. 
[0029] Initially, a search is commenced by entering one or 
more Words in a search engine’s text box. The data in the 
records of the set of hits returned by the search engine are 
scanned for embedded tags, and the data values for each tag 
are itemiZed in a collapsible GUI control that is presented to 
the user. The user may then use the tree or other GUI control 
to re?ne the search by narroWing the number of hits pre 
sented, for example, by using a pointing device, such as a 
mouse, track ball, touch pad, pressure stick, or keystroke on 
a keyboard to select a speci?c value, e.g., by “clicking” or 
pressing a key. Searches initiated through the aforemen 
tioned use of the tree or other GUI control are limited to the 
metadata With Which the records have been enriched and do 
not return records Which contain no metadata. It is possible 
to search for records containing unstructured text and meta 
data by entering a search request in the search engine’s text 
box using appropriate codes to indicate Which of the terms 
are to be searched only in the metadata. 
[0030] In response, the hits returned are limited to those 
records Which include the “clicked” value in association 
With the tag to Which the value is linked in the GUI control. 
[0031] The selection of a data value Within a tag results in 
another inquiry to the search engine Where the selected value 
is appended to the original search term and other prior data 
value selections. Unless the searched database is expanded, 
the neW search results are feWer than or equal in number to 
the prior number of search results and a neW tree or other 
user interface control is created. The neW GUI control lists 
only the tags found in the records Which satisfy the previous 
query. 
[0032] Each time a value in the GUI control is “clicked”, 
the list of hits is narroWed and a neW GUI control is 
presented Which has tags and corresponding values limited 
to those found on the pages of the narroWed list of hits. 

[0033] The invention further provides a method for pre 
paring a report from a database using the original search 
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terms and information from data values selected from a GUI 
control containing tags and values. When a particular search 
result is chosen for preparation of a report, the Words or 
phrases that formed the original search request are matched 
With tags that have been provided for those Words or phrases 
during indexing of the data to form tag-value pairs. These 
tag-value pairs are appended to the URL for the set of hits 
returned by the search engine in response to the original 
search request. 
[0034] The modi?ed URL, i.e., With the appended tag 
value pairs, is passed to a report server program for de?ning 
the subset of data Which is to appear in a report having a 
format speci?ed by the report preparation program. The 
tag-value pairs that have been appended to the URL for the 
set of hits returned by the search engine in response to the 
original search request act as ?lters for narroWing the 
original list of hits to the subset of records that have been 
selected by clicking the GUI control. 
[0035] The method of the invention is not limited to 
information in a single data source. The invention provides 
for collecting information from multiple data sources With 
different tags. Multiple data sources are joined to act as a 
single collection and a cumulative selection GUI control 
having all values in the collection that are paired With 
embedded tags is created. When a report server program is 
requested the tag name in the tag-value pairs is provided 
With the name of the data collection. 

[0036] Providing reports of the search results in dynamic 
tables alloWs a user to analyZe the search results While not 
connected to the Internet or other netWork, and also alloWs 
a user to email the dynamic table to other users Who can 
perform further analysis on the search results. In this Way, 
the usefulness of the search results is extended beyond mere 
observation of the results to analysis of the results and 
retrieval of further relevant information. 

DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a schematic block diagram shoWing a 
prior art method of searching for records of interest in a 
search engine index. 
[0038] FIG. 2 is a schematic block diagram shoWing the 
apparatus of the preferred embodiment of the invention. 
[0039] FIG. 3 is a block diagram shoWing a method of 
searching for records of interest in accordance With the 
preferred embodiment of the invention. 
[0040] FIG. 4 is a block diagram shoWing, in detail, a step 
in the method in accordance With the preferred embodiment 
of the invention. 
[0041] FIG. 5 is a vieW of a display of a search result in 
accordance With the preferred embodiment of the invention. 
[0042] FIG. 6 is a vieW of a further display of the search 
result shoWn in FIG. 5 in accordance With the preferred 
embodiment of the invention. 

[0043] FIG. 7 is a vieW of a further display of the search 
result shoWn in FIG. 6 in accordance With the preferred 
embodiment of the invention. 

[0044] FIG. 8 is a vieW of a display of another search 
result in accordance With the preferred embodiment of the 
invention. 

[0045] FIG. 9 is a block diagram shoWing, in detail, 
another step in the method in accordance With the preferred 
embodiment of the invention. 
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[0046] FIG. 10 is a block diagram shoWing, in detail, still 
another a step in the method in accordance With the preferred 
embodiment of the invention. 
[0047] FIG. 11 is a block diagram shoWing, in detail, a 
further step in the method in accordance With the preferred 
embodiment of the invention. 
[0048] FIG. 12 is a block diagram shoWing, in detail, still 
a further step in the method in accordance With the preferred 
embodiment of the invention. 
[0049] FIG. 13 is a vieW ofa display of still another search 
result in accordance With the preferred embodiment of the 
invention. 
[0050] FIG. 14 is a vieW ofa display ofa modi?cation of 
the search result of FIG. 13 in accordance With the preferred 
embodiment of the invention. 
[0051] FIG. 15 is a vieW ofa display ofa modi?cation of 
the search result of FIG. 14 in accordance With the preferred 
embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0052] Referring noW to FIG. 2 of the draWings there is 
illustrated a system for improving searches in a search 
engine index by enabling the number of “hits” returned by 
a search to be WinnoWed doWn until the number is manage 
able and contains the records of greatest importance to the 
searcher. 
[0053] One or more operational data stores 1a, 1b. . . In, 
each of Which can be a ?xed computer disc or other 
magnetic or optical storage medium, stores a population of 
records, Which may be structured or unstructured, in Which 
the searches are to be conducted. 
[0054] A transaction manager 2 has a Listener 4 Which 
“listens” to the input/output activity in the database storage 
component 1 to determine each event in Which a neW record 
is added to the operational data store 1 or a record existing 
in the data store 1 is modi?ed. A metadata enricher compo 
nent 3 receives metadata from a metadata storage compo 
nent 8 Which can also be a ?xed computer disc or other 
magnetic or optical storage medium and enriches each neW 
record With metadata including relevant tag-value pairs. 
That is, the text in each neW record is examined for 
correspondence to the metadata values in the metadata 
storage 8. Metadata enricher 3 can be a computer having, 
input, output, storage, memory and display devices. Meta 
data enricher 3 enriches at least some, if not all, of the 
records in the population of records in operational data store 
1 With metadata indicative of a least one ?eld name and at 
least one value for a ?eld identi?ed by the ?eld name. 

[0055] During enrichment, the folloWing functions may be 
performed. A key may be assigned to one or more ?elds. 
Field values may be transformed or replaced. Field values 
may be replaced With lookup values. e. g., ?eld values Which 
constitute abbreviations may be expanded. Field values may 
be calculated, e.g., to convert one type of currency to 
another. NeW ?elds may be appended to the metadata by 
joining ?elds from other tables in a relational database. 
Integration of disparate data sources or applications Which 
do not reside in the original data source may also take place. 
[0056] After each record is processed by the metadata 
enricher 4, it is passed to a record transformer 12 Where the 
records are formatted for indexing in accordance With 
parameters dictated by a search appliance 14 in Which 
indexing is to take place. 
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[0057] A search appliance 10 has an indexer 5 Which 
receives formatted records from the record transformer 12. 
Indexer 5 creates a searchable index summarizing the con 
tent of the population of records in data store 1. A search 
engine 9 in search appliance 14 receives search requests and 
searches the index for records matching criteria set forth in 
each search request. 
[0058] When a search is to be conducted by a user, the user 
enters a search request into a user interface 7 in the form of 
a computer or terminal equipped With broWser softWare. A 
search processor 16 is operatively connected to the search 
engine 9 and user interface 7. The search processor 16 parses 
and formats the search request entered by the user and then 
applies the search request to the search engine 9. The search 
engine 9 compares the text values entered by the user With 
the index in the search engine 9 to determine Which records 
match the search request. Identi?ers for a matching sub set of 
records are then returned to the user interface terminal or 
computer 7 via the search processor 16 in the form of 
snippets shoWing the searched text in the context of excerpts 
from the corresponding full indexed records. A URL for the 
full corresponding record appears as a link With each snip 
pet. 
[0059] A GUI control construction or builder component 
13 presents on a display component 11 of the interface 7, a 
GUI control, e.g., a tree, adapted to display the ?eld names 
and values, i.e., the tag-value pairs, in the metadata With 
Which the records identi?ed by the returned search results 
have been enriched by the enricher 3. 
[0060] The GUI control construction component is opera 
tively connected to the search engine 9. Each time a user 
selects a ?eld value displayed on the tree or other GUI 
control, the search processor generates a neW search request 
and then applies the search request to the search engine 9. 
The search engine 9 then runs a neW search in Which a neW 
subset of records is selected for identi?cation from a popu 
lation of records including the last subset of records 
[0061] Thereafter, the user display 11 presents a list of 
identi?ers for the respective records in the neW subset, and 
the GUI builder 13 presents, on the user display 11, a GUI 
control modi?ed to display only the ?eld names and values 
in the metadata of the records of the neW subset. The neWly 
displayed values on the GUI control are selectable to further 
cause the search engine to select a neW subset of records 
from the population of records Which noW includes the last 
subset of records. 
[0062] A counter 19 counts the number of records in the 
returned search results having each value With Which the 
found records have been enriched by the metadata. The 
counts are displayed next to the value and ?eld name labels 
on the tree or other GUI control. 

[0063] A dynamic table builder or construction component 
15 presents the tag-value pairs in the GUI control in tabular 
form. That is, the tags are shoWn as ?eld names in column 
headers in a table and the values for each tag are lists beloW 
each ?eld header in cells. That is, the ?eld names are in the 
header roW, and the tag values are in roWs beneath their 
respective corresponding ?eld names. 
[0064] In addition to presenting the tag-value pairs in a 
tabular vieW, the dynamic table builder 15 supplements the 
tabular vieW With operational controls for operating on the 
data displayed in the tabular vieW, e.g., manipulation of the 
data returned by the search, display of the data, and manipu 
lation of ?les containing the data. Preferably, the tabular 
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vieW is hidden While the search hits are presented in a 
“standard vieW” accompanied by a GUI control, e.g., a tree 
of tag-value pairs. 
[0065] A GUI sWitch control, is preferably provided for 
toggling betWeen a “standard vieW” or “search results vieW” 
(see FIG. 7) in Which the list of hits (snippets) is shoWn With 
the GUI control (e.g., tree) and the table is hidden, and 
“dynamic display vieW” in Which the table is shoWn and the 
list of hits and the GUI control is hidden. The sWitch control 
appears With the Words “dynamic display vieW” When the 
search results are shoWn in standard vieW, and With the 
Words “standard vieW” When the search results are shoWn in 
dynamic display vieW. The user may simply click on the 
sWitch control to toggle the display from one vieW to the 
other. 

[0066] A report generator 20 is provided for querying a 
structured database to obtain reports on information located 
in the course of the search conducted in the search appli 
ance’s index. Metadata tag-value pairs returned as the result 
of a search in the search engine’s index are used in meta 
queries. That is, a relational database of structured data, 
separate from the records indexed by the search engine, can 
be queried to locate records containing ?elds With values 
corresponding to the metadata tag-value pairs With Which 
one or more records returned by the search engine have been 
enriched. 

[0067] Tag-value pairs used to formulate queries to the 
structured database may be supplemented by the user With 
additional search criteria. Because the structured relational 
database may contain records having information not 
included in the data store 1 and, hence, not found in the 
search engine’s index, the number of hits returned in a 
search of the structured relational database may result in 
more hits than Were generated When the same tag-value pairs 
Were selected to WinnoW doWn the results of the search in 
the search engine. Accordingly it is possible to search an 
index of a large number of records to obtain the feW most 
highly pertinent records, and to then obtain a report of data 
based on a large number of records all of Which share the 
same high level of pertinence. 
[0068] A search result storage device 17 is provided for 
storing a reference (e.g., URL) to each subset of records 
returned by each search in order to permit the user to 
reaccess the results of a search or display the results in a 
dynamic report, i.e., analogous to leaving a “bread crumb”. 
[0069] An overvieW of the method of the invention is 
illustrated in FIG. 3 of the draWings. According to the 
invention, all of the information presented to a search engine 
for indexing has a set of metadata composed of tags and 
values for each record that describe the type of information 
being indexed. Both the data and metadata are indexed. The 
source of the information may come from a transaction 

process, a database, or an application on a netWork. The 
informational transaction or record is enhanced to add any 
textual or other useful information to the transaction or 
record before it is indexed. 

[0070] Before indexing a population of records for text 
searching by a search engine, the records are enriched With 
metadata containing key Words or phrases Which are values 
for tags corresponding to ?eld names in a database. More 
than one level of ?eld names or tags may be included in the 
metadata. A single tag for one records may have more than 
one value. 






















