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DATA DISAMBIGUATION SYSTEMS AND 
METHODS 

RELATED APPLICATION 

[0001] This application is a divisional of and claims 
priority to US. patent application Ser. No. 10/839,425, the 
disclosure of which is incorporated by reference herein. 

TECHNICAL FIELD 

[0002] This invention relates generally to data disambigu 
ation. More particularly, the invention pertains to systems, 
methods and software architectures that are directed to 
pattern processing and recognition in the context of gener 
ally unstructured data. 

BACKGROUND 

[0003] There is a great deal of so-called unstructured data 
that resides in the world. Typically, unstructured data has 
characteristics which, as the name implies, ?nd it highly 
unstructured and dif?cult to work with. Perhaps a good 
perspective from which to understand unstructured data is 
from the perspective of structured data. Structured data, by 
its very nature, is typically easily indexed and searched. 

[0004] As an example, consider the following. In many 
cases, governments, corporations, and various other large 
entities such as businesses and the like, can have many 
thousands of documents to deal with. These documents 
constitute knowledge in the sense that the documents con 
tain information that might be useful to the particular entity. 
Yet, by virtue of the voluminous number of documents and 
the fact that such documents may be in a generally unstruc 
tured state, this knowledge is not reasonably and readily 
attained by these entities. Even if such entities were to have, 
for example, an intranet, one would have to know what to 
speci?cally search for, and what the information means to 
the searcher. 

[0005] Thus, as noted above, one of the difficulties in 
working with unstructured data is that of building and 
creating knowledge based on the unstructured data. Put 
another way, one of the challenges with unstructured data 
pertains to disambiguating the data so that the data can be 
the subject of meaningful information processing tech 
niques. 
[0006] Some approaches that have been used in the past in 
an attempt to disambiguate unstructured data utiliZe so 
called knowledge architects. Knowledge architects are typi 
cally very highly skilled professionals who craft knowledge 
based on the data. The techniques and approaches that these 
individuals use tend to be very expensive4owing to the 
highly-skilled nature of the individual(s) architecting the 
system. Additionally, the speci?c systems that are put in 
place by such individuals do not tend to be easily repeatable 
in different scenarios or environments. Thus, these 
approaches tend to be expensive and highly speci?cally 
directed to a particular problem at hand. As such, there 
remains a need, in the area of data disambiguation, for 
systems that are less complex insofar as implementation and 
deployment are concerned. In addition, there is a need for 
such systems that do not require a highly specialiZed pro 
fessional to set and deploy the system. 

SUMMARY 

[0007] Various embodiments provide a state-based, regu 
lar expression parser in which data, such as generally 
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unstructured text, is received into the system and undergoes 
a tokeniZation process which permits structure to be 
imparted to the data. TokeniZation of the data effectively 
enables various patterns in the data to be identi?ed. In some 
embodiments, one or more components can utiliZe stimulus/ 
response paradigms to recogniZe and react to patterns in the 
data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram illustrates components of 
a system in accordance with one embodiment. 

[0009] FIG. 2 is a block diagram that illustrates compo 
nents that can be used for conducting lexical analysis in 
accordance with one embodiment. 

[0010] FIG. 3 is a block diagram that illustrates software 
components in a system in accordance with one embodi 
ment. 

[0011] FIG. 4 is a block diagram that illustrates a system 
in accordance with one embodiment. 

[0012] FIG. 5 is a block diagram that illustrates a system 
in accordance with one embodiment. 

[0013] FIG. 5a is a block diagram that illustrates steps in 
a method in accordance with one embodiment. 

[0014] FIG. 6 is a block diagram that illustrates a system 
in accordance with one embodiment. 

DETAILED DESCRIPTION 

[0015] Overview 

[0016] As an overview, various embodiments described in 
this document utiliZe a state-based, regular expression parser 
that is designed to deal with language, text and text types. In 
accordance with at least one embodiment, data such as text 
is received into the system and undergoes a tokeniZation 
process which permits structure to be imparted to the data. 
As the data undergoes the tokeniZation process, portions of 
the data (eg individual words of text) are assigned different 
types. As an elementary example consider that individual 
words can be considered as parts of speech-such as nouns, 
verbs, prepositions and the like. Thus, a very elementary 
system might be set up to tokeniZe individual words accord 
ing to their respective part of speech. Perhaps a better 
example is to consider that different nouns can be tokeniZed 
as types of nouns, e.g. places, dates, email addresses, web 
sites, and the like. 

[0017] TokeniZing data creates patterns in the language 
which, in turn, can allow simple key words searches or 
searching for different type objects such as date objects, 
place objects, email address objects and the like. The tokeni 
Zation process is effectively a generaliZed abstraction pro 
cess in which typing is used to abstract classes of words into 
different contexts that can be used for much broader pur 
poses, as will become apparent below. 

[0018] FIG. 1 shows, generally at 100, an exemplary 
software architecture or system that can be utiliZed to 
implement various embodiments described above and 
below. The software architecture can be embodied on any 
suitable computer-readable media. 
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[0019] In this particular example, system 100 comprises a 
functional presence engine 102, one or more knowledge 
bases 104 and, optionally, an information retrieval module 
106. In accordance one embodiment, system 100 receives 
unstructured data and processes it in a manner that imparts 
a degree of useful structure to it. The output of system 100 
can be one or more of structured data and/or one or more 

actions as Will become apparent beloW. Each of these 
individual components is discussed in more detail beloW 
under their oWn respective headings. 

[0020] Functional Presence Engine 

[0021] In accordance With one embodiment, the functional 
presence engine 102 is implemented as a probabilistic parser 
that performs lexical analysis, using lexical archetypes, to 
de?ne recognizable patterns. The functional presence engine 
can then use one or more stimulus/response knowledge 

bases, such as knowledge bases 104, to make sense of the 
patterns and react to them appropriately. In accordance With 
one embodiment, system 100 can learn or be trained by 
either changing the lexical archetypes and/ or the knoWledge 
bases. 

[0022] Lexical Analysis 

[0023] The discussion beloW provides but one exemplary 
implementation example of hoW lexical analysis can be 
performed in accordance With the described embodiment. It 
is to be appreciated and understood that the description 
provided beloW is not intended to limit application of the 
claimed subject matter. Rather, other approaches can be 
utiliZed Without departing from the spirit and scope of the 
claimed subject matter. 

[0024] In accordance With one embodiment, lexical analy 
sis is performed utiliZing a system, such as the system shoWn 
generally at 200 in FIG. 2. System 200 comprises, in this 
embodiment, an external .lex ?le 202 Which speci?es a 
series of rules and their output symbols, a program 204 to 
read the .lex ?le and convert it into a program Which, in this 
example comprises a C++lex-program, a lexical analysis 
program 206 Which, When provided With data such as text, 
produces tokeniZed content in the format speci?ed in the lex 
?le, and an independent regular expression library 208. 

[0025] The .Lex File 

[0026] In accordance With one embodiment, the .lex ?le 
202 comprises a structure having tWo component parts: a 
macro section and one or more lex sections. In the illustrated 

and described embodiment, the .lex ?le is case sensitive, as 
are the regular expressions embodied by it. The macro 
section speci?es symbol reWrites. The macro section is used 
to create named identi?ers representing more complicated 
regular expression patterns. This alloWs the author to create 
and re-use regular expressions Without having to reWrite the 
same patterns in more than one place. Macros keep the lex 
sections cleaner and alloW common expressions to be 
changed in only one place. As an example, consider the 
folloWing. 

%macro 

regular_expressionQmacro-name 

regular-expressionl amacro -namel 
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[0027] This is a valid example macros section. 

[0028] 
loWing: 

With respect to the lex section, consider the fol 

%lex optionalinalne 
regulariexpressionl —> outputispeci?er [,outputispeci?erm] 
regularfexpressionZ —> outputispeci?er [,outputispeci?erm] 
regular-expression3 —> outputispeci?er[,outputispeci?er...] 

optional name —> outputispeci?er [,outputispeci?erm] 

[0029] “%lex” denotes the beginning a section of lexical 
reWrite rules. In some cases it is desirable to specify a name. 
This is explored in more detail beloW. On the lines folloWing 
the “%lex” tag, a series of rules are speci?ed. These rules 
specify a regular expression folloWed by a series of output 
symbols. As an example, consider the folloWing: 

[0030] The left hand side of this expression is a regular 
expression. In this example, notice a “:Wb:” on the left hand 
side Which speci?es a macro. Macros are speci?ed using the 
format “: macro-name z”. A preprocessor Will substitute the 
macro value Wherever it ?nds a macro name surrounded by 
colons. A special case construct is When the rule expression 
matches the name speci?ed in the “%lex tag”. This is a pass 
through rule, meaning that if no other rule matches, this 
default rule Will consume the entire text and call the output 
speci?ers With the entire text. There are some cases Where 
this is useful, such as When the %lexer Will never be a top 
level program. In accordance With one embodiment, a 
knoWn regular expression engine is utiliZed and is referred 
to as the public domain engine PCRE 3.9, Which Will be 
knoWn by the skilled artisan. 

[0031] Continuing, after the regular expression appears a 
“Q” folloWed by a series of output speci?ers. In the above 
example, a match of the given regular expression produces 
the output symbol, “WORD” and the output text The 
brackets and numeric identi?er are optional. These specify 
Which sub-expression is output With the symbol. In the 
illustrated and described embodiment, sub-expressions are 
the text Which matches regular expressions Within parenthe 
ses. In this example, the text Which matches ([[:alpha:]]+) 
Would be output along With the token “WORD”. If the above 
example Were changed to: 

([[:alpha:]]+)[:Wb:]+—>WORD 

[0032] then the output token Would be the same, but then 
the entire match Would be returned as the text. This is same 
as Writing “WORD {0}”. As another example, consider the 
folloWing: 

[0033] The example pattern above matches alpha charac 
ters, folloWed by the macro :sb:, Which is de?ned in our 
example to be sentence boundary tokens. When text fol 
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lowed by a period occurs, tWo tokens are outputithe 
WORD token and an end of sentence (EOS) token. This 
demonstrates hoW a single match can produce more than one 

token. There is no limit on the number of tokens Which can 

be output, except as guided by practicality. As another 
example, consider the pattern appearing just beloW: 

[0034] This pattern looks for any character that is not a 
Word boundary character and outputs a GWORD token, and 
the output text is the entire match. 

[0035] Putting the entire lex construct together, consider 
the folloWing: 

—>WORD{1} 
—>WORD{1}, EOS {2} // WORD and EOS 
—>GWORD //generic graphic Word 

[0036] In this particular example, When the lexer runs, it 
chooses the rule Which matches the most text as the rule 

Which Will trigger the output token. Options may be added 
later to control this behavior. This lexer Will output text 
Words, end of sentence markers, and graphic Words. 

[0037] For handling large volumes of text, it is important 
to keep the main lexer simple. That said, in some scenarios, 
it can be desirable to tokeniZe things such as EMAIL, 
MONEY, IP addresses and URLs. The folloWing simple 
rules are provided as an example of rules that tokeniZe such 
things. 

[0038] To address ef?ciency and performance issues, for 
mat utiliZed for lexical analysis can add some additional 
constructs. Recall from above that the ?le can specify one or 

more %lex constructs. This being the case, consider the 
folloWing. 

[0039] Instead of putting the four rules listed above into 
the “main” lexer, the rules can instead be added to a 
sub-lexer as folloWs: 
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[0040] Using this format, the entire ?le Would look as 
folloWs: 

[0041] In this ?le, there are tWo lex programs. Generally, 
the “main” lex is the only lexer executed at the top level of 
the text tokeniZation process. The rules under the %lex 
GWORD in general Will not execute. HoWever, make note 
of the fact that the rule “[A:Wb:]+QGWORD{0}” has the 
output token of GWORD and note that the neW %lex 
construct has the name GWORD. This speci?es a recursive 
lex procedure. When GWORD is the matched construct 
from “main”, that is, no other rule matches more text, before 
outputting GWORD, it Will ?rst try to match all the lexical 
rules under the %lex GWORD tag. This is analogous to a 
procedure call in a programming language. The data that 
gets passed in is the text speci?ed in the outputiin our case 
GWORD{0}, the entire matched text. From a performance 
standpoint, there is only a performance hit When We ?nd 
special graphic Words. For alpha-only Words, the GWORD 
lexer Will not run. 

[0042] In addition to the constructs described above, in at 
least one embodiment, other constructs can be utiliZed. 
These constructs can control Which lexers lexically process 
the data ?rst. As an example, consider the construct “%push 
lexer-name, %pop”. In accordance With one embodiment, 
the lexer program can maintain a stack of lexers. Lexers 
Which are on the execution stack are evaluated by a top level 
parser. Lexers Which are not on the execution stack are not 
evaluated unless recursive tokeniZation occurs. It is possible 
to push neW lexers onto the stack in order to read speci?c 
data and then pop them When ?nished, as Will be appreciated 
by the skilled artisan. 

[0043] To demonstrate this, the code listing beloW is a text 
representation of the actual .lex ?le parser in the lex lan 
guage. The main lexer is either the %lex named “main” or 
the ?rst %lex encountered in the ?le. In the present example, 
both conditions are satis?ed by the ?rst-encountered lexer. 
In the illustrated and described example, the %lex main 
program looks for “%macro” speci?ers or “%lex” speci?ers, 
comments, or extra White space. 

[0044] When a %macro is encountered, it emits a symbol 
“MACRO”, then pops anything on the stack, and then 
pushes the %lex READ_MACRO program onto the top of 
the stack. The Rules in %lex READ_MACRO Will noW get 
the ?rst chance to evaluate the incoming data or text. If 
READ_MACRO fails to match, then %lex main Will also 
have an opportunity to evaluate the incoming data or text. 

[0045] When a %lex is encountered, the same process 
occurs, except the top program becomes READ_LEX. 
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READ_LEX looks for rules and, if encountered, it tokeniZes 
the REGEX of the rule, and then pushes 
READ_LEX_RULE to read the right hand side of the rule. 
This demonstrates the recursive capabilities of the system. 
The program, on certain input conditions, triggers a state 
change to a specialized sub lexer Which is capable of parsing 
a speci?c type of data. The sub lexer Will process the data 
and then perform a %pop operation When the sub lexer has 
completed it’s task. 

[0046] If READ_LEX_RULE encounters some non 
White, non-comment text, it gathers it, and calls the LEX 
_TOKEN program With the gathered text. LEX_TOKEN 
looks for %push, %pop, xxx{digit}, or xxx. In the illustrated 
and described embodiment, LEX_TOKEN is not on the 
stack though. Rather, it is sub-component that is executed 
based on the text gathered by the parent, as described above. 

[0047] Consider noW the additional construct “%lex 
default”, Which is a program that is speci?ed at the bottom 
of the code listing beloW. In accordance With one embodi 
ment, these constructs Will only execute if the text cannot be 
tokeniZed using the execution stack. In the present example, 
this program is utiliZed to indicate a syntax error. 

// This program is the lex speci?cation for a lexer that 
// reads the “lex” ?le. 
// main lexer 
%lex main 
\%macros[ \t]* —> MACRO, %pop, %push READiMACRO 

. —> // ignore 

[ \t\r\n]+* —> // ignore 
// read macro lexer 

%lex READiMACRO 
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example, a %pragma ?rstmatch before the %lex tag indi 
cates that the matching behavior should be to choose the ?rst 
rule Which successfully matches the incoming text. This can 
improve performance but can signi?cantly impact the 
matching process. 

[0050] The syntax of this program directive is: %pragma 
pragma_name. The folloWing pragmas (case-sensitive) are 
currently de?ned: 

Pragma De?nition 

%pragma The %lex tags and rules below this %pragma are 
?rstmatch matched using the “?rst match” strategy. That is, the ?rst 

rule Which is able to match the incoming text is the rule 
Which Will ?re, other rules are ignored. This is for 
performance. It is not the default behavior. 

%pragma The %lex tags and rules below this %pragma are 
bestmatch matched using the “best match” strategy. All the rules of 

a particular %lex group are used. The rule Which matches 
the longest string Will be the rule Which is ?red. This is 
the default behavior. 

LEXiTOKEN{O} // recursive descent into 

%push READiLEXiRULE 

// done reading a rule 

// %lex LEXiTOKEN With the string 
, —> // ignore 

// read a single lex token 
%lex LEXiTOKEN // lexitoken program 
// this is called to perform a subrecognition on lex token output forms 
// it is not in the top level parser stack 

TOKENPARAM{2} 
[ \t]*([A-Z3.—Z0—9f]+)[ \t]*$ —> TOKEN{1} 
%lex default 

evaluate 
// in this case We Want to spit a syntax error 

// at this point, any text is considered a syntax error 
.* —> SYNTAX ERROR 

// default is ONLY hit When no other lexers on the stack 

[0048] HoW .Lex Matches 

[0049] In accordance With one embodiment, under a given 
.lex program, the default methodology is to attempt to match 
all the regular expressions in the %lex group and choose the 
rule Which consumes the most input. In accordance With one 

embodiment, hoWever, a program directive “%pragma” can 
be utiliZed to specify behaviors for the analysis system. For 

[0051] 
[0052] The folloWing discussion is provided to describe 
one particular implementation example of the system shoWn 
in FIG. 2. This example is not intended to limit application 
of the claimed subject matter to speci?cally described 
example. Rather, this example is provided as a guide to the 
skilled artisan as but one Way certain aspects of the 
described embodiments can be implemented. 

Implementation Details 
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[0053] First, in accordance With one embodiment, to uti 
liZe the lexer or the regular expression engine singularly, the 
user should consider the folloWing classes, each of Which is 
discussed beloW under its oWn separate heading: 

[0054] CRegexiregular expression engine. This class 
alloWs the user to set the regular expression and then 
search a string of data for the expression. 

[0055] lex_programia C++ implementation of the fea 
tures provided in the .lex ?le format 

[0056] lex_program compileria compiler that pro 
duces a lex_program from a .lex stream 

[0057] lextoken4output data from the lex_program. 
An individual token of data. 

[0058] CRegex 
[0059] In accordance With one embodiment, this class is a 
self-contained class for matching strings of text to a regular 
expression. Like all C++ classes in the Lex library, CRegex 
supports value class semantics, assignment, and copy con 
struction. All of these operations are valid and tested. 

[0060] In accordance With one embodiment, the member 
methods in this class include a compile method, a match 
method, a getMatches method, and a GetLastError method, 
each of Which is described beloW. 

[0061] CRegex::compile 
bool compile(const char* sZRE, int ?ags, long* pFail 
ureOifset=NULL); 

[0062] This method compiles the speci?ed regular expres 
sion, given in sZRE, and ?ags. 

[0063] Parameters 

[0064] sZREi[in] pointer to a perl5 compatible regular 
expression 
[0065] ?ags4[in] modi?er ?ags for compilation 

lexer::anchored The pattern is forced to be “anchored”. 
That is, the pattern is constrained to 
match only at the start of the string 
Which is being searched (the “subject 
string”). This effect can also be 
achieved by appropriate constructs in 
the pattern itself. 
Letters in the pattern match both upper 
and loWer case letters. 
A dollar metacharacter in the pattern 
matches only at the end of the subject 
string. Without this option, a dollar also 
matches immediately before the ?nal 
character if it is a neW line (but not 
before any other neW lines). This 
option is ignored if lexer::multiline is 
set. 

By default, CRegex treats the subject 
string as consisting ofa single “line” of 
characters (even if it actually contains 
several neW lines). The “start ofline” 
metacharacter () matches only at the 
start of the string, While the “end of 
line” metacharacter (35) matches only at 
the end of the string, or before a 
terminating neW line (unless 
lexer::dollarend is set). 

lexer: :caseless 

lexer: :dollarend 

lexer: :multiline 
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[0066] pFailureOlfset4[in, out] a pointer to a integer 
variable that Will receive the offset if the string failed to 
compile. This may be useful for custom error handling. The 
return value is unde?ned if the compilation succeeds. 

[0067] Return Value 

[0068] boolitrue if the compilation Was successful, false 
otherwise. Use CRegex::GetLastError( ) to retrieve a more 
detailed error message. 

[0069] CRegex: :match 

long match(const char* sZText, long inLen, int ?ags=0) 

[0070] This method attempts to match the compiled regu 
lar expression stored in the class object With the speci?ed 
text given the length of text. It returns the number of 
characters consumed by the match. It Will return 0 if the 
match failed. As an example, if “this” is the text to match and 
the string is as folloWs, “blah this is fun”, then match Will 
return “9”ithe position past the last match. 

[0071] To retrieve more detailed information about the 
match, the method CRegex:: getMatches, described beloW, 
can be utiliZed after performing the match. 

[0072] Parameters 

[0073] sZText*[in] data to match against 

[0074] inLeni[in] number of characters in the sZText to 
analyZe. Use —1 if sZText is null terminated and you Wish to 
match up to the end of string. 

Lexer::notbol The ?rst character of the string is not the beginning of 

line, so the circum?ex metacharacter should not mat 

before it. Setting this Without lexer::multiline (at compi 
time) causes A never to match. 

Lexer::noteol The end of the string is not the end ofa line, so the doll 

metacharacter should not match it nor (except in multi-li 

mode) a newline immediately before it. Setting th 

Without lexer::multiline (at compile time) causes doll 

never to match. 

[0076] [text missing or illegible when filed] 

[0077] Notes 

[0078] The return value is someWhat unintuitive. It returns 
the pointer to the next character after the end of the matched 
text. Just note that a non-Zero value means there Was a 

match. To get speci?c information about exactly Where the 
match occurs, call CRegex::getMatches anytime after the 
call to CRegex::match. 

[0079] Returns 

[0080] longinumber of characters consumed by the 
match process40 if no match. 
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[0081] CRegex::getMatches 
long getMatches(int** ppmatches); 

[0082] Call this method after calling CRegex::match to get 
a pointer to the list of matches (submatches). It returns, in 
ppMatches, a pointer to the internal list of matches retrieved 
after the last match. It also returns the number of valid 
matches. 

[0083] Each call to match only matches the regular expres 
sion once. Callers Will need to iterate to ?nd all the particular 
matches. The getMatches method returns positional infor 
mation about Where the match occurred in the text. The ?rst 
tWo integers specify the start position and end position of the 
Whole match. The next “n” integers return position of all 
submatches in the source string. As an example, consider the 
following: 

[0084] RE: ([[:alpha:]]+)([\d]+) 

[0085] Subject string: “Mark123 is here” 

[0086] CRegex::match returns: 7 indicating success 

[0087] getMatches returns 3. This list of integers looks 
like this: 

[0088] [0]A) 

[0089] [1]i7 

[0090] [2]A) 

[0091] [3]41 

[0092] [4]i7 

[0093] Parameters 

[0094] ppmatchesi[out] a live pointer to the matches. 
This pointer dies With the class or When the matcher is 
recompiled. 

[0095] Returns 

[0096] The number of matches: 1 (Whole match)+number 
of submatches. 0 if there Was no match in the last call to 
CRegex: :match 

[0097] Notes 

[0098] The returned match list is a class object Which goes 
out of scope With the class, or When the CRegex: :compile is 
called. 

[0099] CRegex::GetLastError 

std::string GetLastError( ) const; 

[0100] This method returns the compilation error if any. It 
returns a string that speci?es Where in the regular expression 
the compilation failed and is useful for debugging compi 
lation errors. 

[0101] Lex_program 

[0102] In accordance With the described embodiment, 
lex_program is the C++ lexical analyZer and is used to 
tokeniZe data sources. The lex_program can be created from 
scratch or compiled from a ?le using a lex_?le_compiler. 
The member methods of this class include a lex_program 
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method, a TokeniZe method, a Begin method and a Get 
NextTokens each of Which is described beloW. 

[01 03] Lex_pro gram: : lex_pro gram 
lexiprogram::lexiprogram(ulong lexOptions=0) 

[01 04] Parameters 

[0105] lexOptionsi[in]. Flags to control the behavior of 
the program. 

The lexer Will manually keep track of 
character and line position. Lextoken’s 
returned from this program Will contain 
valid charNum and lineNum ?elds. This 
should only be used When this 
information is important, otherwise it is 
not recommended because there is a 
modest performance hit involved in 
keeping track of this information. 
This option instructs the lex program to 
prefer ?rst matches. (See hoW matching 
occurs). This is usually controlled by 
the input .lex ?le and the lexer::lexer 
class. It is recommended that this value 
he set in the lexer class and not here. 

Lexer: :optilineCounts 

lexer: :opti?rstMatch 

[0106] Lex_program::TokeniZe 

virtual bool Tokenize(const spchar* pData, ulong length, 
std::vector<lextoken>& vcTokens, bool bResetState = true); 

[0107] Given source text, this method tokeniZes the source 
data and returns lextokens. 

[0108] 
[0109] 
[0110] 
[0111] vcTokens4[out] list of tokens generated by the 
content. Tokens are appended to the end of it. 

[0112] 
[0113] This method tokeniZes the entire content. It is an 
alternative or simpli?cation to calling lex_program::begin( 
), and then lex_program::get_next_token( ) iteratively until 
it returns false. 

[0114] 
virtual bool Begin(const spchar* pData, ulong length, 
bool bReset=true); 

[0115] This method is used to set the source data for the 
lexical analysis. Call this before calling lex_program::Get 
NextToken. It is not necessary to call this method if using 
lex_program: :tokeniZe. 

Parameters 

pDatai[in] pointer to the data to be tokeniZed 

length4[in] length of data to be tokeniZed 

Remarks 

lex_program: :Begin 

[0116] Parameters 

[0117] pDatai[in] pointer to the data to be tokeniZed 

[0118] length4[in] length of data to be tokeniZed 

[0119] bReset4[in] reset the stack and variable state of 
the lexer back to default. 

[0120] Returns 
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[0121] true 

[0122] Lex_pro gram: : GetNextTokens 

virtual bool GetNextTokens(std::vector<lextoken>& 
toks); 

[0123] This method is used to retrieve the next token from 
the input stream. It may return more than one token. Use this 
function to iteratively run through the data in as atomic a 
Way as possible. This method returns (true) until the end of 
data is reached. It is possible that the return token list is 
empty even if the return value is true. 

[0124] Parameters 

[0125] Toksi[out] vector of tokens. NeW tokens are 
appended onto this list and the list is NOT CLEARED by 
this method, users must clear the list manually if this is the 
desired effect. 

[0126] Returns 

[0127] false When the entire string has been tokeniZed, to 
the best of the programs ability. 

[0128] Remarks 

[0129] Lex_program::begin( ) must be called before call 
ing GetNextTokens. 

[0130] Lex_Program_Compiler 
[0131] The class lex_program_compiler is a class that 
converts a stream of text in .lex format (described above) 
into a lex_program Which can be used for lexical analysis. 
The member methods in this class include a compil_lex 
method described beloW. 

[0132] Lex_program_compiler::compile_lex 

bool compileilex(const char* pData, long nDataLength, 
lexiprograln& lexPrograIn, std::vector<lex?leerrorit>& errors); 

[0133] Given a pointer to .lex formatted data and a data 
length, returns an instantiated lex program capable of token 
iZing streams as speci?ed in the pData. 

[0134] Parameters 

[0135] pData4[in] pointer to the data. Use NextItzzLoad 
DiskFileIntoString( . . . ) or some other disk ?le loading 

method to load the lex ?le into memory. 

[0136] nDataLength4[in] number of .lex formatted bytes 
contained in the pData pointer 

[0137] 
[0138] 
[0139] Returns 

[0140] boolitrue if the compiled succeeded Without 
errors or Warnings. The application is responsible for deter 
mining if errors or Warnings Warrant a stoppage. Recom 
mended: stop and display errors. 

[0141] Lextoken 

[0142] This data class is the return class of the lex_pro 
gram and represents a token. It is designed for ef?cient 
parsing. In addition to returning a token constant, it also 

lex_Program4[out]4compiled program 

errors4descriptive list of errors, if any. 
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returns positional information and length information of the 
source text that produced the token, Which is important for 
language processing. 

Member data 

lex?leposit startPos 
typedef struct 

// 0 based line number 
// 0 based character index 

// absolute position in the buffer 

ulong lineNuIn; 
ulong charNum; 
ulong pos; 

[0143] This is the starting information Within the source 
data. If the lex_program Was created With the lexer::opt_li 
neCounts, the lex?lepos_t Will also contain a valid character 
and line number. startPos.pos speci?es the exact byte posi 
tion in the source data. 

long length; 

[0144] This is the length in bytes of text representing this 
token. 

[0145] An example usage of the ?le position information 
Would be to create a string representing the exact characters 
captured by the token. Such as: std::string str(&pData[tok 
.startPos.pos], tok.length); 

ulong idToken 

[0146] This is the unique identi?er for this token. The id 
is a unique hash value de?ning the lexical token, or type, 
Which the lexer has recognized. In this implementation, the 
hashing program is the system hasher used by many sub 
systems, WordHashG. 

[0147] Knowledge Bases 

[0148] As noted in FIG. 1, one of the components that 
utiliZed by system 100 is a knoWledge base component 104. 
In the illustrated and described embodiment, knoWledge 
base component 104 is implemented, at least in part, utiliZ 
ing one or more ?les that are de?ned in terms of a hierar 

chical, tag-based language Which, in at least some embodi 
ments, can be used to set up cases of text that matches 
incoming data or text, and de?ne responses that are to be 
triggered in the event of a case match. In the illustrated and 
described embodiment, the tag-based language is referred to 
as “Functional Presence Markup Language” or FPML. 
Effectively, the FPML ?les are utiliZed to encode the knoWl 
edge that the system utiliZes. 

[0149] FPML 

[0150] The discussion provided just beloW describes 
aspects of the FPML that are utiliZed by system 100 to 
implement various knoWledge bases. It is to be appreciated 
and understood that this description is provided as but one 
example of hoW knoWledge can be encoded and used by 
system 100. Accordingly, other techniques and paradigms 
can be utiliZed Without departing from the spirit and scope 
of the claimed subject matter. 

[0151] Preliminarily, FPML is an extensible markup lan 
guage (XML) that can be utiliZed to de?ne a surface-level 
conversational, action-based, or information acquisition pro 
gram. FPML can be characterized as a stateful expression 
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parser with the expressiveness of a simple programming 
language. Some of the advantages of FPML include its 
simplicity insofar as enabling ordinary technical people to 
capture and embody a collective body of knowledge. Fur 
ther, FPML promotes extensibility in that deeper semantic 
forms can be embedded in the surface level engine. In 
addition, using FPML promotes scalability in that the system 
can be designed to allow multiple robots to run on a single 
machine, without signi?cant performance degradation or 
inordinate memory requirements. That is, preliminarily it 
should be noted that one application of the technology 
described in this document utiliZes robots, more properly 
characterized as hots, to provide implementations that can 
be set up to automatically monitor and/or engage with a 
particular cyberspace environment such as a chat room or 

web page. The knowledge bases, through the FPML ?les, are 
effectively utiliZed to encode the knowledge that is utiliZed 
by the bots to interact with their environment. 

[0152] As noted above, FPML allows a user to set up 
“cases” of language text that match incoming sentences and 
de?ne responses to be triggered when the case matches. In 
accordance with various embodiments, cases can be exact 
string matches, or more commonly partial string matches, 
and more complicated forms. FPML also supports typed 
variables that can be used for any purpose, for example, to 
control which cases are allowed to ?re at a given time, 
thereby establishing a “state” for the program. Typed vari 
ables can also be used to set and record information about 
conversations that take place, as well as con?guration set 
tings for one or more robots, as will become apparent below. 

[0153] In accordance with one embodiment, any suitable 
types of variables can be supported, e.g. string variables, 
?oating point variables, number variables, array variables, 
and date variables to name just a few. 

[0154] As noted above, FPML is a hierarchical tag-based 
language. The discussion provided just below describes 
various speci?c tags, their characteristics and how they can 
be used to encode knowledge. Each individual tag is dis 
cussed under its own associated heading. 

[0155] Fpml Tag 

[0156] The fpml tag is used as follows: 

[0157] The FPML object is the top level tag for any fpml 
program. It encloses or encapsulates all other tags found in 
a document or ?le. The fpml tag can contain the following 
tags: <unit>, <rem>, <situation>, <if>, <lexer> and <load>. 
It should be noted that <rem name=“variablename” value= 
“variableValue”> is used to specify initial variables for the 
XML. When an FPML ?le is loaded, any <rem> at whose 
direct parent is <fpml> is evaluated. This mechanism is used 
to set up initial values for variables and is used often. As an 
example of the fpml tag, consider the following: 
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[0158] This example fpml ?le has one case, which recog 
niZes the string “I like dogs”, and responds with “I like dogs 
too” followed by the value of the variable “name”, which by 
convention is the name of the user. 

[0159] Load Tag 

[0160] The load tag is used as follows: 

[0161] This instruction directs an fpml interpreter to load 
the fpml ?le speci?ed by “path to ?le”. This path may be a 
fully quali?ed or partial path from FPML ?le in which the 
<load> tag appears. The load tag is contained in <fpml>, and 
does not contain other tags as the tag should be open-closed. 
As an example of the load tag, consider the following: 

[0162] The ?rst form loads a ?le from fully quali?ed path. 
The second form loads the ?le from a subdirectory of the 
directory in which this ?le is located. The third loads from 
the current directory, as does the forth form. 

[0163] Lexer Tag 

[0164] The lexer tag is used as follows: 

<lexer ?lenalne=“path—to—?le”/> 

[0165] This instruction directs the fpml interpreter to load 
and use the speci?ed .lex ?le (described above) for breaking 
up incoming text into word tokens. This is important 
because even though fpml is a word-based parsing language, 
there is no absolute de?nition of what constitutes a word. 
The lexer program can also categoriZe words and surface 
this information to the fpml. This is discussed in more detail 
below in connection with the <input> tag reference. The 
lexer tag does not contain other tags and should be open 
closed, and is contained in the <fpml> tag. As an example of 
the lexer tag, consider the following: 

[0166] The ?rst form loads from a fully quali?ed path. The 
second form loads from a subdirectory “?les” relative to the 
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directory in Which the loading ?le lives. The third and fourth 
forms load the ?le located in the same directory in Which the 
loading ?le lives. 

[0167] Unit Tag 

[0168] Use of the unit tag is as folloWs: 

[0169] The unit tag is a “case” in the system Whose 
subtags identify the text that it matches, and the response 
that should be taken in the presence of a match. The unit tag 
must contain the following tags: <input> and <response>, 
and can contain: <prev> and <prev_input>. The unit tag 
contained in the tags: <fpml>, <if>, <cond> and <situation>. 

[0170] The <input> tag is used to specify a text pattern to 
match. The optional <prev> and <prev_input> tags contain 
expressions that match previous dialog either from the user 
or from a robot. The <response> tag speci?es the output 
When a match occurs. As an example of hoW this tag is used, 
consider the folloWing: 

[0171] This example fpml ?le has one case, Which recog 
niZes the string “I like [any single Word]”, and responds With 
“I like “%incoming-Word% too” folloWed by the value of 
the variable “name”, Which by convention is the name of the 
user. 

[0172] 
[0173] Use of the input tag is as folloWs: 

Input Tag 

<input>text-input-expression</input> 

[0174] The text contained Within the input tag de?nes the 
Words and expressions Which Will trigger the response 
encapsulated by the <response> tag. This tag contains text 
and no inner tags are evaluated. The input tag is contained 
in the unit tag. Using the “text-input-expression”, the text 
contained Within the <input> tag can have a special format. 
It can be characterized as a Word-based regular expression. 
As an example of hoW this tag can be utiliZed, consider the 
folloWing: 

<input>I like do gs</input> 

[0175] This matches the sentence “I like dogs” and noth 
ing else, from the incoming text. Consider noW the folloW 
ing use of this tag: 
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[0176] This matches a sentence Which begins With “I like” 
and is folloWed by one or more Words. Additionally, con 
sider the folloWing example: 

[0177] This matches a sentence Which begins With “I like” 
and is folloWed by Zero or more Words. It matches both “I 
like” and “I like you over there”. Further, consider the 
folloWing example: 

<input>I like [.]</input> 

[0178] This matches a sentence Which begins With “I like” 
and is folloWed by any single Words. For example, it 
matches “I like you”, but not “I like the pickles” or “I like”. 
Thus, the expression matches a single Word. Consider the 
folloWing examples: 

[0179] As indicated above, input expressions can contain 
more than one Wildcard of any kind anyWhere as long as the 
Wildcards are separated by at least one space from the 
literals. 

[0180] The input tag can also utiliZe embedded expres 
sions. Embedded expressions are bracked With ‘[’ and ‘]’. 
These bracketed expressions are called queried-Wildcards 
and are used to add expressiveness to the input language. 
The format of this construct is as folloWs: 

[match-expression from_Where _expression] 
[0181] The folloWing examples match expression syntax: 

[ANY(Wordl, Word2, Word3,...) from ‘Wildcard’] 
(Where Wildcard is *, +, . 
[ANY(Wordl, Word2,...)] the Wildcard ‘+’ is implied 

[ANY(W1, W2) AND NOT ANY(W3, W4...) from [VAR(bOtfH?IH?) from +] 

[0182] The function ANY(Wordl, Word2, Word3, . . . ) 
matches any of the speci?ed words, eg <input>[ANY 
(books, magaZines, pictures) from +]</input> matches 
“books”, “magazines” and “pictures”. The function ALL 
(Wordl, Word2 . . . ) matches all of the speci?ed Words. The 

function VAR(variableName) matches the incoming string 
against a variable name, eg <input>[VAR(bot_name) from 
.]+</input> recogniZes the bot name from the beginning of 
the sentence. 

[0183] Consider also the function: 
REGEX(perlSregularexpression); 
<input>[REGEX(\$[\d]+(\.[\d]*)7) from +]</input> 

[0184] This function matches money. The regular expres 
sion operates on each Word subsumed by the star, looking for 
a match. 



US 2008/0005157 A1 

[0185] Various operators can be utilized Within the input 
tag among Which include the NOT, AND, OR, “ANY(W1, 
W2) AND NOT ANY(W3, W4)”, and “VAR(bot_name)” 
operators. 

[0186] The operator from_expression can be used and is 
optional. It speci?es the Wildcard of the queried-expression 

from +// one or more 

from . // exactly one. 

[0187] If the from-expression is not speci?ed, it is 
assumed to be the ‘+’ Wildcard. 

[0188] The Operator Where-expression 

[0189] The Where-expression is used to constrain the 
match further. Currently this is used to constrain a match to 
a given lexical token type. For instance if an application is 
looking for e-mails, it could, create a pattern that accepts 
only e-mail types, as created by the lexer. 

[0190] [.WHERE TYPE==EMAIL] 

[0191] This queried-Wildcard expression Would match any 
Word Whose type is EMAIL. 

[0192] The lexer, in addition to splitting Words and sen 
tences, also produces tokens, Which are characterizations of 
the graphic Word. A lexical analyzer can, for example, 
recognize URLs, IP addresses, Dollars, and the like, as noted 
above. This information is available to the pattern matcher 
and can be used to match “types” of data. Consider the 
following example: 

[0193] This unit matches any sentence containing a URL. 
In this example, the response is to simply provide the URL 
back to the user. A more complicated example can look for 
a particular URL. As an example, consider the folloWing: 

<input>* [REGEX(spectreai) from . Where TYPE==URL] *</input> 
<response>URL: <Wild index=“2”/></response> 

[0194] This unit looks for URLs containing the string 
“spectreai” anyWhere in them. 

[0195] In an implementation example, matching can pro 
ceed in a case insensitive Way. That is, for a given sentence, 
all the <unit>’s are given a chance to ?re (assuming an <if> 
or <cond>) does not prevent this. Given this, it is likely that 
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there may be more than one match for a given string. For 
example: 

<response>I don’t understand you</response> 

<input>+ What is your name +</input> 
<response>My name is <acq name="botiname”/></response> 
</unit> 

[0196] If an incoming sentence is “Hey, What is your name 
dude?”. Both of these patterns actually match this string. 
Desirably, hoWever, one Wants the second pattern to evalu 
ate. Given that the matcher is probabilistic, the second 
match, the one Which recognizes the most knoWn text, is 
chosen. The general idea is that the end-user should not have 
to Worry about this. Picking the best match is the responsi 
bility of the fpml interpreter. In the event of identical 
patterns, or identical probabilistic matches, the match that is 
loaded last Wins. Consider the folloWing example: 

<input>+ What is your name +</input> 
<response>My name is <acq name="botiname”/></response> 
</unit> 

<input>+ What is your name +</input> 
<response>Who cares! <response/> 

[0197] They both match the same text With the same 
probability. HoWever, as the second match Was the last 
loaded, the second Will ?re. 

[0198] Prev Tag 

[0199] Use of this tag is as folloWs: 

<prev>text-input-expression</prev> 

[0200] The <prev> element is part of the <unit> tag and 
declares a constraint on the matcher. In order for a sentence 

to match this unit, the <prev>“text-input-expression”</ 
prev> must also match What the robot said previously. That 
is, the unit Will match ONLY if What the robot said prior to 
the current input can match against “text-input-expression”. 

[0201] The format for text-input-expression is identical to 
the format of data in the <input> tag, thus attention is 
directed to the input tag for details on syntax. The prev tag 
has an optional index attribute Which speci?es hoW many 
places back to go in a robot’s conversation history to ?nd a 
match. The default value is one. This means that the last 
sentence the robot said must match against the text-input 
expression in order for the <unit> to match. If the index 
attribute is less than zero, e.g. <prev index=“—5”>* yes 
*</prev_input>, then all of the past ?ve sentences of the 
robot history Will be matched. If any are matched, the unit 
Will be alloWed to match the <input> tag. 
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[0202] Consider the following FPML example of a con 
versation relating to going to a movie. 

<prev index=“l”>* go to a movie *</prev> 
<response>Which one?</response> 

<response>The Matrix it is. When?</response> 
</unit> 

<prev>* the matrix it is * When *</prev> 
<response>Sounds good</response> 
</unit> 

[0203] Example Dialog: 

11 
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[0213] The response tag holds elements that Will evaluate 
When the <input> (and <prev . . . ) generate the best match 
for a given sentence. In some embodiments, the response tag 
de?nes What the robot Will say or record. This tag is 
contained in: <unit> and can contain: text, as Well as the 
folloWing tags: <cond>, <rand>, <op>, <if>, <acq>, <rem>, 
<cap>, <hearsay>, <impasse>, <lc>, <uc>, <sentence>, 
<sWap_pers>, <sWap_persl>, <rWild>, <Wild>, <recurs>, 
and <quiet>. 

[0214] If Tag 

[0215] Use of this tag is as folloWs: 

<if naIne="variableNaIne" value=="text-input-expression"> 
fpml-tags 

<if expr=“script—expression”> 

robot>do you Want to go to a movie? 

user>yes 
robot>Which one? 
user>I like the matrix 
robot>The matrix it is. When? 
user>l l :30 
robot>Sounds good. 

[0204] Prev_input Tag 

[0205] Use of the prev_input tag is as folloWs: 

<previinput 
viinput> 

[0206] The <prev_input> element is part of the <unit> tag 
and declares a constraint on the matcher. In order for a 
sentence to match this unit, the “text-input-expression” must 
also match What the user said previously. That is, the unit 
Will match ONLY if What the user said prior to the current 
input can match against "text-input-expression”. 

[0207] The format for text-input-expression is identical to 
the format of data in the <input> tag. Thus, the reader is 
referred to the discussion of the input tag for details on 
syntax. 

[0208] The prev_input tag has an optional index attribute 
Which speci?es hoW many places back to go in the user’s 
history to ?nd a match. The default value is one, Which 
means that the last sentence the user said must match against 
the text-input-expression in order for the <unit> to match. 

[0209] If the index attribute is less than Zero, e.g. <pre 
v_input index=“—5”>* yes *</prev_input>, then all of the 
past ?ve sentences of the user history Will be matched. If any 
are matched, the unit Will be alloWed to match the <input> 
tag. 

[0210] This tag contains text-expression just like the input 
expression and is contained in: <unit>. 

[0211] Response Tag 

[0212] Use of the response tag is as folloWs: 

<response> 
</response> 

[0216] The if tag is used to control execution ?oW. If the 
speci?ed variable can be evaluated against the value, the 
contained nodes are turned on. If not, the contained nodes 
are not executed. Variables and the <if> expression alloW the 
FPML programs to run in a stateful Way. This tag can contain 
the folloWing tags: <unit>, <if>, and <situation>, and all tags 
the response tag can contain. This tag is contained in the 
folloWing tags: <fpml>, <response>, all tags the response 
tag can contain, <if> and <situation>. The if tag can be used 
as an intra-unit tag to control program How. As example, 
consider the folloWing: 

<response>It has been a long time. still Working on the 
documentation</response> 

[0217] In this situation, the units contained Within the <if> 
statement Will only be evaluated if the user name “name” is 
something With “tommy” in it. Although this is an elemen 
tary example, this shoWs hoW to use arbitrary variables to 
control program How. 

[0218] The value=“ . . . ” attribute of the <if> tag can be 

any expression that is valid in the <input> text. It can also 
be “7”. When value is ‘7’, the conditional evaluates to true 
if the variable is set and is false otherWise. This construct can 
be used in <if>, <cond>, and <situation>. Alternatively, the 
<if> tag can use “expr=” instead of name and value pairs. 
This alloWs code expressions to be used to perform the test. 
Additionally, the <if> tag can be used to control program 
How in the <response> tag. As an example, consider the 
folloWing: 
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<response> 
Hello there. 

Goodness, my. It is a lovely day. I wonder Where the other people 
are. I love to chat. 

How are you? 
</response> 

[0219] Another silly example, if vTalkative is set to “true”, 
then the text underneath the if statement will be added to the 
response string. 

[0220] Situation Tag 

[0221] Use of this tag is as follows: 

<situation name="input-text-expression"> 

[0222] The situation tag is another program control tag 
and is used to control which units get precedence over all 
other units. It is useful in managing discourse. However, it 
is not used in the <response> tag. This tag can contain the 
following tags: <unit> and <if>, and can be contained in: 
<fpml> and <if>. 

AS an exam le, consider the situation “C0111 uters” p p 
below: 

<input>* Computers *</input> 
<response>Lets talk about computers. 

name=“situation">computers</rem><quiet/> 

<situation name=“* computers *”/> 

<input>[ANY(buy, purchase, lease, rent)]</input> 
<response>I’ve had success with Dell. Can go to dell online at 

www.dell.com</response> 

<input>[crash, crashed, crashing, bomb)]</input> 
<response>Which operating system are you running?</response> 

<previinput>[crash, crashed, crashing, bomb)]</previinput> 
<response>Which program?</response> 

<quiet> <rem 

<response>We were talking about computers. would you like to talk 
about something else? 

</response> 

</situation> 

[0224] The situation tag provides a way to encapsulate a 
particular subject and protect it somewhat from outside 
<unit>. It’s probabilistic <input>*<input> in the above 
situation only if no other <unit>s in the global space produce 
a better match. 

[0225] In the above example, <situation name=“* com 
puters *” is syntactically equivalent to this IF statement: 

<if name=“situation” value=“* computers *>. 
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[0226] Response Tags 

[0227] As noted above, tags within the <response> gen 
erate output or record information. With a couple of excep 
tions, such as <cond>, every valid response tag can contain 
all other tags located within the response. 

[0228] Rand Tag 

[0229] Use of this tag is as follows: 

<rand> 
<op> response—expression(1)</op> 
<op> response—expression(2)</op> 
<op> response—expression(3)</op> 
</rand> 

[0230] The rand tag picks one of it’s sub-elements at 
random and uses it to generate the response. This tag is 
contained in <response> and contains <op>. As an example 
of this tag’s use, consider the following: 

[0231] Cond Tag 

[0232] Use of this tag is as follows: 

[0233] The cond tag allows for conditional evaluation 
inside the <response> tag. It is a complicated form and has 
three levels of expressivity. The ?rst level of expressivity is 
where it is identical to the <if> tag and can assume the same 
places and locations. For example, 

<cond name="variableName" value="text—input—expression> 
<cond expr="script—expression”>. 

[0234] The second level of expressivity is where the cond 
tag identi?es the variable name, but not the variable value. 
In this case, the cond tag should contain only <op> tags. 
Each op tag will de?ne the value ?eld. The <op> which 
matches best is chosen for the evaluation. As an example, 
consider the following: 

<unit> 
<input>SERVICECONNECTED</input> 
<response> 
<cond name=“botiname”> 

<op value=“ScoobyDruid” > 






















