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A Sofiware System for Information Extraction in 
Criminal Justice Information Systems 

Law enforcement agcncies across the country have enoniious quantities of data that are 
siniply not being well utilized. Police reports, affidavits, and various other forms of tcxtual 
infor~nation remain an untapped resource because of technological and other barriers. In 
addition, officers, detectives, and investigators do not have time to analyze (or the ability to 
recall) this wealth of textual infonnation. Furthennore, recognizing links between items of data 
presents an even greater problem. Fortunately. new technology is reaching the ~narketplacc that 
enables lnultitudes of textual docuinents to be scanned and key items of infonnation 
auto~natically extracted for use in  solving crimes. 

Using one of these technologies known as "infor~llation extraction:" kcy items of data I 'o~~nd 
within narrative tcxtual can and convcrtcd into ~lscf i~l ,  doc~~nicnts bc proccsscd scarch;~blc 
inlbrmation. r .leclinically speaking, info~lnationextraction is conccl-ncd \ \ / i t 1 1  thc auhl~n;~r~c: 
discovery ol' pattcrns and relationships in tcxtual data. This type of' cutting-cclgc. ~i:illnolo~y\ 1.; 

cxactly what the law enforcement community nccds to proccss thc ~tlcalth 01' la\{, L ' I I ~ ~ ) I . C C I I I C I I I  

inf'onnation. and enhance investigativc efforts. 
Based on infonnation extraction technology, 1,eIiigli has devclopcd a soli\i,ar-c system niilllcd 

the BPI>-1E Syste~n (Bethlehem Police Depart~nent Infoniiation Extraction System) 1I;;it 

automatically extracts key items of infbnnatio~l from narrative textual data and links unsolved 
criminal cases to solvcd cases, providing investigators with valuable leads -1.he technology 
autoinatically obtains I I I O ~ U S  operandi and physical descriptions from thesc tcxtual documcnts. 
'Tliis data is then stored into fielded, relational databases which can be easily seal-chcd. 

Whllc the effort covered in this summary, details the BPD ..-IE System and the work with the 
13cthlchcln Policc I>epartment (BPD), tlic application of this syste~n and its t ~ c l i ~ ~ o l o g y  can bc 
uscd in other dcpart~nents to enhance efforts in law enforceinent. 

'The: BPI>-FE sub-system. as lncntio~ied earlier, is a convcrsion tool that cxtsacts tcxtual 
fcatul.es fi-om our data sources. These features are then saved in tables 111 thc BIID IE Database. -

BPD IE Systc~n users call search the extracted features uslng the user intcrfacc. While the 
BPD-FE sub-system provides several capab~litics, pcrliaps the most notable 1s batch loading and-

conversion. Investigators often kecp their textual documcnts 111 a k w  ( 1 1 '  not olic) dcslgni~tcd 
folder on t11e1r coniputcr. 'l'lic batch upload funct~on allows thc L I S ~ Ito sl~nply 'II I I ~ I C ~ I C\ pc~ .~ l i c  
f'oldc~.. 'I'hc systc~n automatically pcrforn~s I'caturc cxtractio~l and clatabasc opcr,ltloll\ O I I  , 1 1 1  1l1c 
documcnts located w~thiii the folder. 
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A Software System for Information Extraction in 
Criminal Justice Information Systems . 

Tianhao Wu, Stephen V. Zanias, and William M. Pottenger 

I.Introduction and Motivation 
Law enforcement agencies across the country have cnornious quantitics ol' data that arc 

simply not being well utilized. Police reports, affidavits, and various othcr li)r~ns 0 1 '  tcxti~al. . 

infonnation remain an untapped resource because of technological and otlicl. bal-I-icrs. In  
addition, officers, detectives, and investigators do not have time to analyze (01- the ability !o 
recall) this wealth of textual infonnation. Furthennore, recognizing links between items of data 
presents an even greater problem. Fortunately, new technology is reaching the marketplace that 
enables lnultitudes of textual documents to be scanned and key items of infonnation 
automatically extracted for use in solving crimes. 

Using one of these technologies known as "information extraction," key items of data found 
within narrative textual documents can be processed and converted into useful, searchable 
infonnation. Technically speaking, infonnation extraction is concerned with the automatic 
discovery of patterns and relationships in textual data. This type of cutting-edge technology is 
exactly what the law enforcement community needs to process the wealth of law enforcement 
information and enhance investigative efforts. 

Based on infonnation extraction technology, we have developed a software systc~n na~ncd 
tlic DPD-1E System (Bethlehem Police Depart~nent Infonnation Extraction System) that 
autolnatically extracts kcy items of  infonnation from narrativc tcxtual data and links unsol\/cd 
criminal cases 1c~Ii11oIogyto solvcd cases, providing investigators with valuablc Icads. O L I ~  

autolnatically obtains modus operandi and physical dcscriptio~~s 
l ion~ tlicsc tcxtual doct111ic.111~. 
This data is then stored into fielded, relational databases whicli can bc casily scaschcd. 

While the effort covered in this summary details thc 13PI)-113 Systcm and OLII-work with lhc 
Bethlehem Police Department (BPD), the application of this systc~n and its technology can bc 
used in other departments to enhance efforts in law enforcement. I t  is our hope that this bricf' 
synopsis of our work will interest you in enhancing your efforts with infonnation extraction 
technology. 

2. Data Sources 
Our current systein combines and searches data from four different sources currently being 

uscd by the BI'D. Detective reports created by the BPD and stored in Microsoft Word format 
(nearly 8,500 reports) provide the first source of data. The second source of infonnation consists 
of crime rcport infonnation that has been inanually entered into the BPD Database. To date, we 
have entered nearly 250 crime reports (including over 300 associated narrative text supplements) 
into the system. The third component consists of narrative fields within the BPD Affidavit 
database that contain affidavits of probable cause; over 2,800 affidavit records have been 
converted to our BPD -IE database schema. Another database containing arrest rccords provides 
the fourth source of data and will soon be con~~cctedto our system. 
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identified several feature types necessary to recognize criminal inodus operandi and physical 
description data, as shown in alphabetical order in Table 1 .  

Table 1:  Modus 
Age 
Arrest Number 
Classlficat~on 
Cloth~ng 
Control Number 
Day of Week 
Driver L~censeNumber 
Drugs 
Eye Color 

3. BPI-IE System Description 

lperandi and Physical Description Feature Types 

A high-level diagram of  how our systcin works is depictcd i n  1-igusc I .  .l'lic nnrrativc tcxt 
data (from detective reports, criine reports supplements, and/or nan-a!i\;c darabasc licld(s)) i s  
entered using the BPD-FE, the Feature Extraction sub-system. ?'his sub-systc~ncxtracls itcms 
from thc input data and loads them into the BPD IE Database so that the information can mosc 
quickly and easily be searched and c o m p a r e d ~second subsystem, the BPD MO (Modus 
Operandi) is  then used to search the BPD-lE and arrest record databases to link-unsolved and 
solved cases based on comparing infonnation found within the cases. Using these tools hclps 
detectives inore easily identify suspects and inore rapidly solve crimes. 

Halr Color 
He~gllt 
Item Stolen 
Locat~on 
Offense Date 
Offense T ~ m e  
Offense Type 
Person Name 
Phone Number 

Supplementsc---2 

Race 
Relat~ollshlp 
Report Date 
Report Officer 
Res~dence 
SSN 
Veh~cle  
Weapon 
We~ght 

Figure 1: I3YD-IE Systenl Ovcrvicw: Two sub-systems, 131'1)-FF, and 131'1)-MO, work ~ogcthcr-

3.1. Purpose & Basic Functions of the BPD-FE Sub-system 
The BPD-FE sub-system, as mentioned earlier, is a conversion tool that extracts textual 

features from our data sources. These features are then saved in tables in the BPD-IE Database. 
BPD IE System users can search the extracted $features using the user interface. While the 
BPD-FE- sub-systein provides several capabilities, perhaps the inost notable is batch loading and 
conversion. Investigators often keep their textual docuinents in a few (if not one) designated 
folder on their computer. The batch upload function allows the user to siinply indicate a specific 
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To provide for systein growth, we designed the systein to use XML files and XSD 
definitions. This will allow reports of  different styles or fonnats to be recognized and their data 
to be more e a s ~ l y  added to the system. 

The BPD -FE sub-system also supports feature extraction rulc file updatlng I3y c l lck~ng tlic 
"Update" button on theuser interface, the software autolnatlcally downloads the latcsr cxtractlon 
rule file froin a server located in the HDDI lab of thc Computer Sclcncc dnd 1.ngllicc11ng 
Department at Lehigh U n ~ v e r s ~ t y  These updatcs allow the niost up- to -d~ tc  technology to bc 
added into the system, leading to even Inore efficient and ef'fcctivc scarchcs as our ~-cscnlch 
efforts continue. 

3.2. Purpose & Basic Functions o f  the BPD-MO Sub-system 
The BPD -MO sub-system iinplernents a search tool that helps users to search for relevant 

documents using features stored in the BPD-IE Database. Modus operandi and physical 
description searches can be carried out in one o f  three ways: search fonn, search-engine, and 
search by report. Our search fonn is similar to other fonns currently in use in inany law 
enforcement applications. The fonn has fields in which to enter the search criteria, 

In our search-engine interface, the investigator inputs keywords in a search box in any order. 
AdditionalIy, keywords inay be preceded by a type designator that narrows the scope of the 
search. For example, "Age: 15" would narrow the scope o f  search for the number 15 to the Age 
field. Multiple featureType:keyword pairs are pennitted within the same query. 

The third method is to drag and drop a narrative text investigative report onto the desktop 
BPD M O  icon. The systein automatically fills out the search fonn described in tlie first method 
using-the infonnation contained in the report. The detective then selects the features o f  intcrcst, 
and related cases are returned. The detective can also perfonn thc same kind o f  searchcs 
elnployed in the two approaches described above. 

Our system also provides "fuzzy searcli" capability. Iluc to variances in tcxt 11-ommistyplng, 
misspelling, or other data entry errors, fuzzy searches allow inexact matchcs ol' valucs. I:or 
instance, Osalna Bin Ladin's name has various dif'f'crent spellings, such as "Osama." "Osan~a." 
"llsaniah", etc. Fuzzy searches allow for all of these names to be rcturncd in a singlc scarch li)r 
"Osama." Such capabilities greatly enhance our system's usefulness. 

3.3. Practical examples 
Already, our systein has provided benefits to the Bethlehem Police Department. Using our 

BPD-IE System, officers have been able to link cases and identify ~ n o d u s  operandi with much 
success, as demonstrated in the following two examples. 

Imposter Burglaries 
One of  the investigators at the BPD provided a summary of imposter burglaries that had 

occurred recently within tlie City of  Bethlehem. The niodus operandi for these burglaries 
involved diverting the owner's attention prior to breaking in and burglarizing the home. Using 
the Modus Operandi (MO) search tool, w e  identified three additional cases that fit the MO. I3y 
alerting investigative detectives to these cases, they are able to more quickly identify repeat 
offenders and possible suspects. 



Auto Thefts 
Another investigator at the BPD provided us w ~ t h  a set of solved crimes connected to a s~ngle 

serlal auto thief. The thief s MO involved breaking in through a rear side or wing window of the 
vehicle. After the detective had spent a significant ainount of time investigating the case, he 
discovered six previous cases for which the thief was responsible. Seeing this as an opportunity 
to test our system's effectiveness, we employed the third search method of the BPD MO and 
dropped the most recent case onto the BPD -MO desktop icon. Our system recovered four of the 
six unsolved related cases among our top five search results. Capabilities such as this can greatly 
enhance an investigation's speed and effectiveness. 

3.4. Technical Summary 
Our system was developed using Industry standard components and sofiwarc. The system 

was des~gned with UML (IBM Rational Rosc) and developed with M~crosoftV(' I I N1: I' and  
MySQI, lnfonnatioll extract~on rules wcrc Icamcd a Pcrl program, and the I . L I / / ~U S I ~ ~  \c,~lch 
capabilities are MySQL funct~ons. XML fonnat lilcs arc used to contaln cxtractlon rulcs a n d  
manually entered crime reports. Some thlrd party colnponents, such as the Tcxt M~nlng 
Infrastructure and a regular expression library for VC-I+ .NET, were also cmploycd. Altogcthcr, 
almost 350,600 lines of code have been written for t h ~ s  system. 

4. Conclusion 
We have described a software system that is able to not only provlde a inore effic~ent way of 

organizing textual law enforcement data, but also automatically d~scovers and extracts important 
features by which unsolved cases can be l~nked with solved cases. To learn Inore about using the 
R P D-IF System, a fu l l  version and documentation 1s ava~lable at I ~ t t p ~ 1 d ( l l  CALIc s c _ l e h ~ h  
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Executive Summary 


Introduction and Motivation 

Law cnforccmcnt agcncrcs across thc country h'lvc crlolmoils C ] \ J C I I I I I ~ I C Sof Clara 111;it arc 


srrnply not being wcll ut l l r~cd.  Policc ~ . c l~o i t \ ,  tcxtllai
a f f~davt t s ,anti v;u~ou\  otlicr f o~n l s  ol 

inl'orm;~lion remrun an unlappcd rcsoutcc b c ~ a u s c  ol ~cc!inolo,olc.al anti ot11c1 bar1 rcr\ In  ,~dditlorl. 

vf'f'icers, delec~ives, d11d ~nvestigrito~s do not have Irlnc to andly;lr (or [he ab~lrty to recall) [ h ~ i  


wealth of texrual rnf'ormatron. Furthermore, ~ccognrz i~ ig  
1111ks bet~veen items of data pIesent5 a11 

even greater problem. Fortunatcl)~, new ~echnology is reaching 111e m~trke~place  that enables 

rnulritudes of textu:~l documents to be cc'~nned alid key Itcrn\ nf rnfor-mntrorl ;i11t0111dIl~illly 

Sour~dwill1111 nar~,~l ive c'ln bc p~occ \ \cd  ,~ncl 11110 u\~blul. \ ~ , I I - L I - I , I ~ ) I ~ ~  rexttrdl doculnen~j  C U I ~ \ ~ C I ~ C C ~  

lnfosmatlon. 'I'echnicc~lly spcdklng. tnl'ormallon extracilon I $  concerned w ~ l h  111e ;tutomdtrc 

drsco\lzsy of palre~ns atld ~e la~ionshtps  Th14 type of  cu t~~ng-edge  15In textual ddld ~ e c h ~ ~ o l o g y  

exactly what the law en foreenlent community need\ to pl-ocess the wealr h of I , I W  en for-cement 

~nformarlol~and enhance lnvestlgal I \le ellost 3 

Rased on infornlat~on extsactlon tecl~nology, we ha \ e  de\/elopcti a sott\varc \ys~ern r1;1~11cd 

the RPD-IF Sqstem (Rethlel~cm Polict: Ilepartl~lenr I~iformat~on Sysreril)E x r r a c t ~ o ~ ~  that 

automatically cxtldcts kcy rlcnl$ of rnfolmatton fronl I I ~ I I ' I ~ ~ V C  ,111cl Irnk\ ur~solvccf ~ C X I L I ~ I I~131rl 

crirninal cascs lo solvcd cascs. p ~ o v ~ d ~ ~ l gIrl\c\rlg;~lol\ wrl11 v;rl~~,ll~lc Ic;~(l\ 0111 ~ c ~ l l ~ ~ o l o ~ \  

-.I his data IS  thcn \tored InLo I~cldcc!, ~ c l ~ ~ r ~ o n a l  dc~taba\c\\A 111cl1c ~ 1 1hc c>,i\rl> \ L > ' I I L I ) C ~  

Wli~lehe ellot1 covereit rn t111\ S L I I I I I I I ~ I ~  :ind our \vorh \ i l l 1 1det,lll\ [he HPII- 11: Sy \~e ln  ~ h c  



used 111 other dcpil~Lmt.~lt\to enllance ellortr In I'IU e~)lolccmcnt 11 I \  our hopc rh ,~r  [ I l l \  h ~ ~ c l  

synopsis ol oill w o ~ k\viIl lnrelcsr y o u  111 cnh:inclng your cllo~.t\\ i ~ r h~~ilo~ln, i r lor jcx l r ,~c r ro~~  

technology 

Data Sources 
Our current sy\reln comblnes and \ea~ches  110111 fo111different bources currcn~lyb e ~ n g  

used by he BPD. Detective l.eporls created by the BPD and stored i n  Mlcrohof Word li,rmat 

(nearly 8.500 rel,ol.ts) provide the first source ol' data. The second soul-ce of' inf'ormation consisrs 

of crlme report inf'or~nationthar has been rna~~ual lyenteretl lnlo the RPD Darabase. To tiale, we 

llavc entered nearly 250 cri~llereports (~ncluclingover 300 assoc~:z!eti ~~arcati\ letext s~~pp le rne~ l t s )  

Into the system Thc tl111.d cornI)onerir con\lsts of narratlvc ficlifs w~thlrlthe RPL) Af t ' ~d ,~v~[  

thc fou~ thhoLIrcc o1'dara and \ v I I I  boon hc ~ o r ~ r ~ c c ~ c dto O L I I  $y\[crrl 

In order L O  u ~ i l ~ / ethese ~ n f o r ~ l l a ~ ~ o nsousccs. O U I  f ~ r b trlcp \v:I\ LO dcrcr I I ~ I I ~ Cu h ~ c hI C , I I U I C \  

were u s e t ~ ~ llor- nlatchrng cd.;es' modus opeldndr. From our inleJ.actlon with the RPD. \dZchave 

~ d e n r ~ l ~ c dsever'il f'eatule typcs neces\aly lo recc~g~uzecr111linal modu3 operand^ and pl~),slcaI 

tfescription data, as shown in :+lpliabctical order In Table 1 

C ~ l : i s s i f ~ c i ~ ~ i o ~ ~  lien, Stolen 
Clollling I<rlx)rfOl l'ic.rl. 

Cor~irolNurnlxr C)t ' fc .~hc.I > ; I I ~  I < C ~ I ~ I C I I L ~ C  
1)ay 01 U1t.ck 0Ifc11hc. I ' I I [ ~ C  

* I ) I - I V C I  I . I C C ~ I S CN L I I I I ~ ~ C ~  



BPI-IE System Description 
A hlgh-le\/el d ~ a g r ~ u n  ot how our \)!stem works I \  dcplcted in Figure I .  The narsall\e text 

cla~a ( h ~ n  dclcclive reports, crime reporls supplements, indiur narrativr d~itabase Scicl(s)) j s  

enterecl usilig tlie HPD. FE, thc Feature Extl.actiorl sub-syslem. This sub-sys~erll c,utr;icts irelns 

from tllc input data and loacis t l ~ c ~ n  Database so that rhc inforlnatiorl call Inore illlo t l~c  RPD-IE 

q u ~ c k l yand cdslly bc scarchcd ;tlid compascil A ~ccullcl subsy5tclli, 1 1 1 ~BPD-h40  (Moclus 

solved cases based o n  foulid iipitliisl tlle c;isc\. [!sir\; comparing infc)i~riatiui~ tllehc tool\ l~c l~ , s  

derechvcs i1101.t:e a s~ ly  idcnlr fy  \ u \pcc~ ,and nior c I , ~ p ~ d l ysolve C ~ I I I K \ .  

Purpose & Basic Functions of the BPD-FE Sub-system 
'l'hc 13PL)-l.I; suh-\y\rcrn, 2.5 nlcriLioncd cc~rllcs, I \  a con\cr\lon tool I ~ : I I  cu~l,icr\ tc\lti,~l 

Seatuses f'soln our data sources. l'hese Ik:rtul.es are \hen savetl 111 Ii~i)lcsIn rhc 1 1 ( I ' f ~ . ~ I I <IIn~;tl?:i\c 

RPD-IE System users can search the extsacted Iialut.es 11si11g the uses in~e~.l.wce.M/llile the 

RPD-FE sub-system provides several ciipiibilities. perllilps l l~e  notahlil is b:itcIi loa(ling and 

co~l\/ersion. 1iives~ig;itors often keep tlieir tcxtl~al ducenicnts in ;i fcw (if nut one) desigllnterl 

folder on tllci~ computci. Tbu batch upload f i lnc t~o~l  ~ l l u w s  thc usel to slmply ~ndicatc n r p ~ ~ ~ f ~ ~  



folder. The system automatically perf'osms I'eatur-e extracrion and database operations o n  all [he 

clvcumen~s located withill the foldel.. 

To provide for system gt.owt11, we ilesigncil the system to use XMI, files end XSD 

dct'irii~ions. This will allow reports of diffc~.c~itstyles or formats to bc sccognizeil and thcir data 

to bc mc)~c c :~s~ ly  :iddcd to tllc system. 

The BPD-1% s u b - s y m n  also ,\upports fc'~ture extiacrion rule f ~ l e  updaring. By c11ck11lg ttlc 

"Update" burron on the user ~nterl'ace. the mt'tware automa[ically dowl~loads the I~\tesl ex~sdct iol~ 

rule file l'lorn a server located iu the HDDl lab ol rlle C'o~~~putcr  Sclcr~ccl and ~ J I I ~ I I I ~ Y I I I I ~  

added Inlo tlic \ystcm, lead~ng to e\,cn Inore cfllclcii~ and c l f e c ~ ~ v e  w,~rclic\a \  o111I L ~ ~ L ~ ; ~ I L I I  

ell ort, contlnuc. 

Purpose & Basic Functions of the BPD-MO Sub-system 
The RPD-MO sub-system implements a search tool that helps users to search for relevant 

documents using fcatu~es storcd in the BPD-IE Database. Modus opcrantii and physical 

dcscl.iption scarcllcs can bc carr-icci out irl  out: of three ways: sca~.ch fornl, ,sca~.cl~-cnginc, a ~ i d  

a r c h  by report Our search form 1s \ilnrlar l o  o ~ h e r  fornls cusscntly l r l  uhc In Illilny l ~ w  

eni"olcemen[ dppl~ca t~on\ .  In wli~chto enter [lie waich ci i ter~a The form has f~e ld s  

In our sed~ch-eng~ne  Ihe ln\'e\r[galor ~ r ~ p u t s  a \ e~rc l ih o x  111 a11\~~nle~l ' ace ,  hey\i,ordx in 

oldel Adclrtlondll),. heyu~ol-d\ ]nay he preccdetl by '1 I I I ~ I ~na11o\4\ t l ~ c  type clc$r;rn,~~or \ L O ~ C0 1  

the search For ciample, "Age 15" would n:lrro\v ~ h c(cope ol search I o r  tlic I ! L I I ~ ~ ) ~ II 5 lo 1 1 1 ~ ~  

Age i ~cl t l  Mult~ple teil\\)reType.key\~~or(j rhc \,lmcclucrp'lrr\ ore pel rn~ttrd u ~ ~ t h ~ n  


The thlrd neth hod I S  to d ~ a g  and drop r.1 narrative text ~nvest~gat ivc 
repolt ollrn rile desktop 

RPI>-.MO i c o ~  The system autornat~cally fills out the search form descl~bcd 111 rhc f ~ r s tmethod 



nslng tlit: ~ntor  cont ,~~ncd  Thc cicltCcr~\ r \  l c ~ , ~ l r t ~ ~ * ~I I ~ I C I ~ . \ I1n~1t1o11 111 i t l r  rcporl c rhc.11 w l c ~  1 l 1 ~  c r l  

ant1 lelCtle(f u~iscsale r c t ~ ~ r ~ ~ c c l  Tllc tlcrccL~ve c ~ 1 1,tlso ~ ~ C I I O I I N  L I W  j,lnlc h 1 1 1 ~ l0 1  L C , I I L I ~ L ~ ~  

zmploycd In the two a p p ~  ndchcs dzscr [bed above 

Our systclll also plovitlcs "fuzzy scarch" capabll~ty. Duc to \alldnces In text trorn 

~ n r s t ~ p ~ n g ,  01 other data elltry c ~ r o ~ s ,  n i~s spc l l r~~g ,  fuzzy scarchcs allow Irlexiict nlntchcs of vnltrcs 

For ~nxtance. O\dma BIII Lad111's rlrzrr~e h ~ s  vnnou\ d~fferent s p e l l ~ n ~ \ .  such a4 "lJs,lrnn," 

"Osama," "Usamah", erc. 1 - u ~ t y  \carches allow for all o f  these niilncs lo bc returned rn d \lngle 

4earch fol ''Os,~rna Such c n p a b ~ l ~ ~ ~ e s" greally enhance our syslem'\ u.\elulne\h 

Practical examples 
~ j l r r ~ l d y ,  benel'rh [o [he Rcrhlchcn~ l'ol~ce I3ep,u[nlcnl l l \ ~ n ;  oL1r our sy\renl Ilas p ~ o \ f ~ d c d  

Hl'n-lE Sy\~crii, olf~cer ' i  I I ~ I V C  been :iblc to 11nk ci \ \e \  aricl ~r lenr~l )  ~ ~ 1 1 1 1~ n o d u \  o l~c~, lnc l~  ri1~1ct1 

success, as clen~onsrrared111 ~ h ctollowing two examplcs 

Imposter Burglaries 
One o f  (he rnbc<>hga[or s the BPI) prov~dedd summary of rrilposter bu rg l a~~es  :\I thdt hdd 

occurrctl recently \vrthln the C ~ t yoi' Rethlchem. The mocius operand1 lor  rf~cse b i ~ r g l a ~ ~ e s  

~nvol\/ed tl~\lt . l t~ng I n  IJ51ngthe owl l z~ ' s  iittentlor~ p r lo~  to h~zahrng  ant1 burglalrr~ng the hotme 

(llc Modus Operarldr (NO) warcll tool, we ldznt~frcd t111 ee a d d ~ t ~ o n a l  the MOcase$ that f ~ t  Ry 

Auto Thefts 
A1lu111c.1 ~ n \ j c s l r g m ~  a t  rhc HPL) prov~dcd114 \ A I I I ,  ,I \ci 0 1  C ' O I I I I C ~ C - I C ( I  1, )so l~c l i~ I I I ~ I L ' ~  < I  



he cli\covered \ I \  p rev~ous c,i\es to1 ~vhicli the 1ll1c1Na6 ie\pon\thlc S c c ~ n gr h ~ \  , I \  .in 

oppo~tunity to Lest our system's eifectlveness, we emplvyctl the thlrd scnrcli inerhvtl of the 

RPD-MO and d ~ o l ~ p e d  [he nlost casc nuto the RPD hIO desktop Icon Out sysrenir e c e ~ ~ t  

iccovcrcci foul of the SIX unsolved related cases among o u ~  top f ~ \ / c  sca~cl-rlcsults Cnpab~l~t lcs  

such as th15 can greatly enhance rill ~iivcsr~g;lt~on'sspccd a~ id  ctfcctivcncss 

Technical Summary 
Our sysrcrr~ was dc\~clopcd usiiig industl~y stalldnl-ci cornponcnrs and soSl\varc. 'l'llc syhtcm 

was dcsigncd with UML (1Uhl Kdtional Kosc) i ~ n d  dc\lclopcd ~ . i t h  M i c ~ o w f lV('++ h'13'1' ancl 

~nanually entered crime rcporlc Some third put ly compollcnt \. , I \  1l1c 'l'cir h11111k ~ ~ c h  I);! 

Inlrasrruc~ure and a regulnr expsesslon l ibra~y lor VC++ .NET. wcrc also c11ipIo)lctl ~Zlto;crhcr. 

i~lmost350,600 Ilncs of code have been w11rte11 for tills system. 

Conclusion 
Wc havc dcscribcd a aofrwal-e system rhar 1s ablc to not otlly piovidc it  more ~ S l i c i c n ~  way 

of o r g a n i ~ ~ n g  law enloscernent dara, bur a l x o  a11toma1tcally discovers 'incl zxrrnci5iexlual 

1mlxwta11t 1'ea~ut.e~ solved caseb. To learn 11101-2aboutby ~\/hicIiunhol\~edcaaes call he llnked ~c1t1-r 

using the BPD-IE Sysrem. a full \/ersion and docii~nentalior~ is dvailablc at 



1 Introduction and Motivation 
1'111s rep011 \urnrnntlr.cs oul leaedrch ancl dcvclopmcnt work un NIJ Gr,int NUI I I~ ICI  300-3-13-


CX-K003, "A S O ~ ~ W ~ I I ~I'ol I ~ x t ~ n ~ l ~ o nCl~rnln:ll .lust~c.c Inl'ornldt~on 
Syslcm Irlibrmat~o~l In 


Sy41e1nh". The project involved rnany components includ~ng Llieoret~cal work, algor~thm des~gn .  


p ~ l o t  testing Accompl~sh~ng [he development of novel t heo~y  :mcl m u l ~ ~ p l e  these steps reclu~~ed 

techniques that will be expoundeil upon in what follows 

Thc report has bcen d~v~clecl rrito r\t,c> palti. Thc I I I ~parr cScct1011s 3, i l l t~12h5 ) t l c ~ \ c ~ ~ l ) c \  

the tlicolcr~cdl lo~111tl,t11o11 [hc l11lor111,111o11 ( I [ < )  '1lpo11l11111, ,r\ 01101. I * X I I ~ I C I I O I I  dc,\ c l o l ~ ~ ~ t lI U II 

t l ~ ~ sprojccl. S O C ~ I O I I  7 rcvIculs I ~ C  ~cscarcll corlcluc~cd 1 1 1  1l1c I1cl~1 I l :  ,111d~ I O \ I ( I L > \b ; l ckg~o l~~ ld  0 1  

'In ovcr\,lcw ol the f ~ e l d  I n  Scc~lon3. wc dlacu\\ rcldtcct w o ~ h .  t11gh11gllr111~ oopul,~r1L \yhrcrrl\ 

'lnd the I e d ~ n ~ n g  assoc~nred n l th  Lhcm dlgo~r~hrnc G ~ v z n  t111s bdckg~ound, we then descr~bc (In 

Sectlor1 4) ~ L I Iown educed ~ e g u l a ~exprehvon (KRE) lenlnlng dlgr)rlthm th,tt has bee11 des~gneti  

lo] ~ h t :  4y$rrnl Oul evaluat~on I C \ L I I ~ \  ale p~e\enled In S e ~ t ~ o n5 

Thc wcond pall ot o u ~report contalnh Sect~ons6 through 9 Sec l~onO deta~l ,  rhc 

devclopr-ricr~tof thc RDP-IE prc,gr'Inl, the appl~cdt~on  ant1 deployment ot o u ~  r~~fo~ l - r l :~ t~on  

extlactlon a l g o ~ ~ r h m  leal Id ar the Rethlehem, P c n n \ p l ~ a n ~ a  111toa u o ~  e~~\/ l ronment  r-'ol~ce 

L3clx1rtmc1lt In Scctron 7 wc plcscnt our conclus~on{. and lllc fulurc \<orl, ~ c l a [ ~ t l  lo t h ~ \j)rolcc[ 

2 Overview of Information Extraction 
111 t h ~ s  sect~on.  we focus or1 provld111g all ~ntroductlon to the f ~ e l dof 1E by ple~cllrlng 

background ~n f ' o rma~~on  data sources, l c a r ~ ~ ~ r l g  on nlcthods, and cvalunt~on nletr~cs Wc  will 



hrgin by briefly explaining wlial IE IS .  Then, \ye comlme 1E to 110th lull texi undcrst,~nd~ng ant1 

information recricval, sincc thesc Iwo othcr tasks are selnred lo IE. Firlally. u;c desc~.ibe tial;i 

sources. l ea~ning  rncrliods, and evalu;ltion mclrics ~ I Ia lligl1 Icvcl. This h; . ick~ro~~iir l  ~ l l c\vrll ; i i i I  

2.1 lnformation Extraction (IE) 
Rcscarch In 1E has grown sincl: tllc mitl- 1980s. Thc  rash of IE sysrcms is to cxrr:lct not only 

fcnturcs, such as nnmcs or locations, but nlso [hc relatio~iships among rhosc fc~tilrcs,  f r o ~ n  a 

natiilal language text. 1E Itsel!' is based on [he  existence o f  lrnplicit internal structure in nritural 

Idnguage\ Resc:~rchcrs urll~ze wch '~truc~iire10 build II :  sysrcm4 that con\erl  uns~ruc~urecl 

iiiSorrnalion inlo struclureti infi~rmalion, such as specific Icatures and values. 'I'able 2.1 portrays a 

simplified exrzrnple o f  extracted fentures and their values. 

Fca turc  I;eatut-c Value 


Name AI.E:.W/lNDER F 7 '0AI l~T1  


Eyc Ci~loi. BLUE 


I-Iair Color BKOWN 


2.2 lnformation Extraction vs. Full Text Understanding 
Full text ~ n d c r s t ~ ~ n d ~ n g  rcqulres t l ~ i ta computcr uridcrstand rlatuldl 1'1aguage tcxt T h ~ s1s r-1 

difficult task, as ilatural la~iguagc tcxl is of tc~l  too complcx to be fully understood by pcople -

~nuci? less by '1 colnputcr. I n  o~.dcr. lo rrlltlg~lre h e  complexity, thc scopc of' full text 

undt ,~s tand~ngcan be na~io\vcd to If:. Thif I S  tile \/rc-\-vpornl of 1UJ.wh~ch  nlguc\ ihnr 



While rial-rower in acclpr, iE ~nairilains its usel'ulness 111 applications w 1 ~ 1 - c  -:usCl.s;ire o n l y  

inlerestecl in identif),ing specific features i l l  text rall~cr. than unde~.stantIing the full s c . ~of' text, 

such :is naIne ider~t ~f'lcalion.For Instance. I F  one ~vould  like to ~ d e n t ~ f ythe people rcportccl on In a 

giver1 ncwspapcr. 11 is not ncccssaly tor a colnputcl to untle~stand e\,csy a~t lc lc  Sound In rhc 

~ ~ c w s l ? q x r .  to scan the arrlclcr f o ~  p ~ ~ t ~ c ~ ~ l d snanlcOn the col)t~dry, 11 I S  S L I ~ ~ I C I C I I ~  a name: 

jdentificatioll is a typical task of IE. I n  gcneral, IE slmp11f1e.s ttlc problcln of full tcxt 

understanding by Ignoring much of the lexlual ~nfosmarion. 

2.3 Information Extraction vs. Information Retrieval 
1 0  bqn ~~xtcxll~icl~c~~l I C I II < - \11 IS i~~l/>Or[iillt I>y \ta[lng thnr 1nlo1 n1111or1 I \  1 1 0 1  1 1 1 1 0 1  I T L I ~ I O I ~  d l  

(IR) [I21 deflnes IR finding d o c u m c ~ l ~ \ ,  [ ? x i ,  ul11clt  L I I C  rc.Icv,ir~r IO ,Ias "[he [ash of usi~~illy 

ilaer's lnformalion need.'' G ~ o g l e ~ ' ~ ,  a well-known 112 5yctrln to^ [ h e  weh. rc ,i p ro tor ) /p~c~~l  

example of an IR system (see 1131 for (letall) Just l ~ k ethe results producecl by n Google' If web 

starch, the output ot 'in IR sysrer~~ 1111s a subset of documents thdt ale ~elevant  to a user's clue1 y 

contrast, the goal of an toIE sy\tcm 15 not to e x t i ~ c tthe documcnts thcmscl\/es but. ~ , l t l ~ c r ,  

extract prc-spccrf~cd / c l c l r ~ d r c ~from thc pcrtllicllt documents 111all JE s)Istcnl, thcsc extl-dctcd 

fcaturcs arc usuCilly entered llito 'I d'llabase aulornat~cnlly. 111 short. IK 1s docuinerl[ rc~llcvnl 

while IE is feature lelrieval. F~gures  2.1 and 3 3 dep~c l  tlte difference belwcen If: and IK 

Figure 2-1: Information rctricval 



Documents Features fr'crru t h e  dr~cumeiits 

Figure 2-2: Informatinrr cutracticlrl 

Altllough [ j j ]  points out that "[blot11 1R and TE are d~ff lcul t  because thcy muat ovelcomc 

thc amb~gultlcs irlhcrcnr in language." t l~cd c ~ r e c  of thclr ditficulty va~ ic s  1E poscs un~cluc 

cllfflcult~cs bccausc i t  rcqulrcs 111o1c dctarlcd k~lowlcdgc abntrt a tlncu~iicrit (sucll as I I ~ 

o rgan~zdt~on)than 1K rcclullc\. I:urtheimolc, IE ~ y \ t c l n \  asc oltc11 r~(1u1rcd to c~1:1171141 

rcl i~[ io~ishi l~s I -CL~~I~I -L- I I~L:~I I  113 ~ y s i ~ ~ ~ ) ~bct\vccn Scuturcs. wl-1icl1 is nor ncccssarily ;I 01' 

tli~et: dllferent tj.pcc ol textual ~ n l o ~ m a l ~ o r l  10 ~ r ~ l ~ l c ~ r ~ t : ~ r l ~ l~ ~ ~ I I I J Iacces\. a $  all ol Ihcni 1lc~~c1 I 

information at some le\lel. However, as ~lotedthe degree to which each process undel.sla~~ds the 

textual 1nfol.rnation varies. 111 senera1 terms, this difference allows tllese three tasks to be ordered 

b,tsed on tllc tlifiiculty of acliicv~ng lcxtual inf'ormat~on acccss Of thc thrcc, IR hhs the least 

difficul~y achicvil~g tcxtual i~lformatioli access. ivhile full tcxt undcsstanding has the p.catcst 

diff~cult)l. This progrcsslon of c o ~ ~ ~ p l c x i t \ ;is dcpictcd 111 Flgurc 2 3 

M n ~ e  PIlolr 

Tnfor~nat ion ( ~ L . I , ~ ~ I . .  Intormation 
Ketneval Extraction -

Fipurc 2 - 3 :  R c l a t i o ~ i s l ~ ~ p  \til11(1111gI)rt\vtcri I t < ,  IE:. arid lull text t t ~ ~ d r ~  



2.4 Learning Methods 
Tliclc arc m;uly Icli~nrng 111cthodb cniployccl i l l  1E Ccncrnlly, (hey can be c l a s ~ ~ f l c d111to 

one of four cntcgorics supcl-viscd Icarr~~rig. scrni-supcrviscd Icarn~ng, i~i'Ii\,c Icar.~iir~g. a n d  

unsupcl-vihc~l learning. A~iiong thcsc: c>alc:oricr; arc 1 ~ ~ 0 ca i czo~- i~> \ :  I \ L \ [ . I ' 'I I I O I Y ~ L - I ~ L S I . ~ ~  ..,LII)cI-\ 

Ic ,~rn~ng the " ~ u p c r \ ~ ~ ~ c c l "  [he olhc.1 h'lnd. Ihc Inputmelhod e~nploycd helong) 10 calegol y .  11, o n  

text is u~~annotated,  categories I'all rlle learni~lg method is tes~ned "ulisupesvised." The ~.crnni~~il lg  

somewhere i n  between these general categosies. To vasying degrees, all of thcse melliocls require 

knowleclge engineering; for.example, a~lrlotating input text or csafti~ig IE rules is often perl'ormetl 

~nanually and rcquircs cxtcnsivc effort by hurnnn experts. 

Additionally, lcrirlli~ig riicthods uscd in practice may bclorlg to more tllari one category. For 

cxample, tsansfo~.lnalior~-bascd error-driven learning can be c i ~ l ~ c rsupesviscd or ullsuperviscd. 

CVe disci~ssan examplc of [he use ol'I~-ar~sforrnalio~~-b:iscclessor-driven 1c:irnins i n  11: in  Scclion 

3.2. I bclo\v. 

2.4.1 Manually Crafted Rule-based IE Systems 
A \  notcd all ' I ~ J ~ J I O ~ I C ~ I C S10 11; I I I \ O I ~ ~ CWIIIC ~Icgrcc,01 C I I ~ I I I C C I I I ~ ~k110~Iccig~' 111\ O I I I C  I t .  

s y h ~ c ~ n s ,human cupcrls L01141111~'1 1i1lc4 I O I  lllc \jrsIcrri rrl;ir~~~;~IIy ~ h c11\1rlg k~iowlcdge ol 

app l~ca t~on  ~vhdtdoiud~n'I'he cornputel system does no\  l e a n  lrom [he ddta but only ~ m p l e ~ n e n [ \  

11~1rnallex.lmrt\ have le'uned and p~ogramrned into tlie \jrsteln As such, the s k ~ l l  ot [lie human 

expert plays a c ~ u c ~ a l  >ystelns. Whlle Ihese hysicrns are tlme- ]ole In the pcrforlnance of 

cnnsurnlng to burld and d ~ f f ~ c u l t  riiost of the best perfol~nlng systenls have r l lan~~al ly to r r i a ~ ~ i t n ~ ~ i ,  

cidfted rule bases of t h ~ snatulc 



Sys tcn~s  based o n  manu:rlly cr,ll~cii r~lles ha \e  ad\/a~lced ro the p o ~ ~ ~ t  [hat con~lncrclal\ Q O ~ \  

are now available. AeroTextlhl 1115) is one such tool Ihat s~mpllf ie \  kllowletlge cnglneerlllg. 

Onc o f  the 1E s)/\tcnis w c  c lc ic l~~pcd  1 4  bi15c.d 011 [ I I I \  ;ippro,ic.l~111 our prcl1n1111;iry work 

'I'lie deta1l5 ol' this syslem are dlscu5sed In Sec t~on  3 1 

2.4.2 Supervised Learning 
Sincc manually crafting rules ~ e l ~ e s  on exlenvve humail euperl~,\c,  otller approachca huvc 

been developetl lo auromate the proce\s Ah noted, one such melhod 1s \uperv~secl Ie ,~rn~ng 'rht  

go,il ot' \uper\flxeit learn~ng I \  to le'lrn :I model t o  c l~h \ l t y  ~n\ldnces automat~cally S u l ~ e r ~ l w d  

learrlri~gis well known a \  ~i cla\slficatron task to bu~l(l;I sy\lc~ii  to For example, 11 one M ~ ; ~ I ) I c ~  

help a pelson buy a used car, one c o ~ ~ l t l  m,ike, c o l o ~ ,  mrle;lsc. .~nd ycclr ; I <  ~ C - ~ I I L I ~ C \clloose n ~ ' 1 1 ' s  

-.1hc s)/stern rnrght I~avc  a I I S I  ~ ( I Clor~ I I \ I I I ~ ~ . I~ V I I I IC A I \ ), 1, ( I\~irnplc In\rsncc< of \ , ~ I I I L , ~  I1 I C : I I ~ I I C  

(c.g.. color- = "bluc" o~ rn~lcagc = 76.510) Lac11 Inal,llicc I \  thcr~ nl;rnualll .rk\c\\ctl I > \  ,I I IL I I~ ) , I I I  

cxpcrt and ass~glicdn class that s c r v c ~lo c l a s s ~ l ' ~ ~  ~ ~ ~ l ' o r l l l d t ~ o t ~  rhc L I W I ~C',III I I C  C'orlt11it1111g 

cxilmple, thc clrihscs rn~ght bc 'buy' 01 'do not buy.' 'l'ogethcl andthew ~nbt~inces I ~ C I I .clash 

Iabels form a training set that can bc used as input to a aupcrvisctl Ic~u-ning sct~cmc.  

'There arc numerous supervised learning schcmcs [ha[ h~ive bccn developed o\/cr- rhc yca1.s 

such as decision trees. tlecision lables, ~ 1 1 1 ~ 1  As noted eil-lies, ~ransfi,l.ma[ion- classil'icarion ~.ules. 

baseci error-driven leal-11i11g can also be classified as a supe~-\~isedIcasning nlerhod. 



S u p c r v ~ ~ dle ' i~n~ngc:lri be clnl~loyccl to Ic,~rrl I > L I ~ ~ ~ ' I I ~ \  d,it,i (111 tlw fo111l I10111 L I , I I I ~ I I I ~  01  L I I I  

aniiolatecl corpus) w~lhout  111c a ~ t l  of  a hurniln cxpc11 Dcpcnci~ng ci~ll~culryun ~ h c  01rhc (rn,inuL~I) 

annoration process, this can ~.esult in a significant reduction ill I;nn\vledge engineesing cost as 

coli~pascdto rnariually crafrcd rulc-basccl systclns. Ho\vcvcl., the succcss of supcrviscd Ica~~nin_c is 

dcycndent on having sufficient tsainilig data. In sum. although supcrviscd Icarning saves 11umn11 

cxpcrr time that would otherwise bc spent in. for c x a ~ i ~ p l e ,  rule dcvclopmcnt, (he hiddcn cost is 

thc labor-in~ensivc annolation, or labeling. of 11.aining dala. 

2.4.3 Semi-supervised Learning 
To clcal with 111c heavy ~clinllcc on I l u rn :~~~  Icrl~-n~ngcxpcrrlsc that I S  rcqu~rcdby supc r \~~scd  

rnethods, scrni-sul>crviscd lciiming is a n  r+lternarivc rrictliod that I ~ a shccn c ~ n p l o y c ~ iin Ili 

systems. I l(i]dcsi.1-Ihcs hemi-supcr\,iscd Ie.ar.~iin; ah follo\~,s:  

"ll5ing ~ m ~ - \ u p e r v r ~ e c l  '1 \ ) \ lcm Ic'irnj I~orn , I  IlII\rLIrc 0 1  I,~bc,lc~ll e c \ ~ n ~ n g ,  
(,lnno[dlecl) nrld unl,~helzd d,ltLl In In~lny .~l~plrcdl~on\ ,  I,~hclcdcI,1l1~ \cll l lc~c1s ,I \ n ~ ~ l l l  
logether w ~ t h  d huge unl'tbeled dark1 \et It I S  Ilor good ro uje  only [he \111,111 l(ibelzcl d,it,~ 
5cr to t ra~n  the sy\tcm because ~t 13 well known thal U I ~ C I ~[lie tatlo 01 the ~ lumbcr  of 
t r a ~ n ~ n gsamples lo the number of tedtutc me'lsuremel~lb i b  s~nal l ,  the udlnlng result 15 not 
~iccurdte Thcrcfore, the ~y5tenl  need5 to conibillc lilbeled and ~~nldhe led  d,itrl d u l ~ n g  
t r a ~ ~ i ~ l i gto Imp1 ove per forninllce Tlie unlabeled data call be used f o ~  deils~ty estjlnarron 
or preproceslng of the labeled data, such as tletcct~ng 11iherenr structure 111the do lna~n Tn 
other words. thc \yStcrn cxtlacts p d t t c ~ ~ ~ s  '~nnotatcd tlnta, dnd labelsl'lo~n the rhc 
~nnrlnot~i tcd thc: pattern\ resi~lt ,  all d,i~a'11c I,lbclcd lo1 tlic data aulonn~lticdlly ~s11ig  As  ;I 


trallii~lg" 


2.4.4 Active Learning 
Aclivc I C ~ I I I I I I ~  1 5  '~nothcr ; I ~ ~ I . O ~ K I I  IC) \oI\:c I I I L '  I,~rgc. kllo\vlcti;c. L O \ [L ~ I ~ ; I I ~ , ' L \ I I I I ; ~  



suhset to gener-ate classif'ication rnodels." One active learning task clescribed i n  [ I 8 1  is designed 

to "help uscrb selecl suikble t e~ tu rc s  In ortlcl- to rnlnlrnrlc [ h e  n~rrnher of es.~rnplcs ~ h c  u\er rnu\t 

arinotntc 1 ' t i r j  t , ~ < l ,  1 5  c,tllcd s e l r ~ t ~ \ c  \uli~ch I \  111 1 1 . 1 1 ~ 1 1 ~ 1 1I , I I ~ C I I , ~ ~ C\ , ir i~[)l~ng, \ tyrirllc,~n~ 

procch\lng since pcoplc u5u~l ly  lihc to ,111no10tc only thc tilost ln>porl,tnl Ic,i l~~li ' \  111 . I I I  

,~hurid,~ncc 'of tcxt 

L ~ k escm~-supervlscd lec~rnrng, actlve 1~drl i1ns rcduccs Iiulndr~ expert c f f o ~  t by dnnotntillg 

unl,~beled text ~ c l i ~ l e  mnrntalnlng accuracy. Tile two ,lpp~odches cdn be dr\trngu~\hcd by the 4rr l l  

polnt L Y ~ I C I I  the annotation 14 clone In \upervlsecl d~ id  $e~n~- \u ] ) e rv~scd  15learn~ng,  a n n o i ~ ~ r ~ o r ~  

completed pr lor to the a p p l ~ c ~ t t ~ o n  of  the Iealn~ng algc)rr~lim In dcrrve learnrng, annotat~on I S  pal L 

and parcel o f  [he 1e:irning algorithm. 

2.4.5 Unsupervised Learning 
.-Ihc locus ol' the varlou\ learn~ng schcrnrs dlscuswd \o I'ir hris heen on reducrng 

k n o w l r d ~ e  englnecl l ng  cost. Tlic rdcal s~ t i r~~t ron  1 I:, ~ ~ l c \  11n,11111or~1[crlwould be to c l~ \covc~ I I ~ o r r ~  

data, thereby s~gntlrcnnlly ~ e d u ~ ~ o g  hno\vlctige cng~nccr Ing cost Wli~lcI [  \voul~l iq~~)c.ir 11111 rculr 

to exrlact riieanrngful tnfor-lnatron fiorn s ~ ~ c l i  data, r r  t u1n5  out t l i i ~ t  there :ire teclillrcli~c~\ lor 

finding rcgular~ t~cs111 data and I c a ~ n ~ n g'1 model that c,lptu~cs tlicsc rcgulnrl[~cx Tllebc 

tccllnrcli~cs arc clacs~flcd as "unsupcrvrscd Icarr~~rig" 110bccnusc thc algorithm \vorl,s n'1tI1 11ttIc 01 

i~nliotaled dat'~. L l 9 J  sumrriarizes this learn~rig method as follow&: 

"The basic appl.oach of unsupervi,\cd learning illcludcs thc follo\ving steps. Fi1.s~ of all, 
an unsupcrviscd learning system is sccded with a couple of labelcd Sacts or patterns. Nixt,  
the system searches a large unannolated corpus for new candidate patterns bascd o n  \he 
sceds. Al'ter- lhc ncw patrenls arc found. the system can usc them lo uncover addilional facts 
The system then adds the facts lo the seed set. After [ha\,  the syslern is retrained based o n  
the new extended seed set. This process is repeated until no moue patrerns can be fi)und." 



2.5 Commonly Used Evaluation Metrics 
Now tlial d~scu<scd  \ ' a~ ious  1carn111g mcll\ods, 11 t ublr) l i a ~ ~ c  15 ~ml>u~Lant csr;lbllsh 

foundation on which to cvaluarc the tcchn~qucs. F01 rlliiliy IE a p p l ~ c a ~ ~ o r ~ s .  1u.o scXts o fllicic ~ I C  

icntu~c: values uscd d u ~ i n g  lcarnrng ?'he I'l~st set I \  01tllc "talget set" In thc 11ij)il1 ~181~1. lllc I J , I I L I C \  

illc slstcm h l io~~ld  CX.II.;~CI .flicsc arc icaruic \~~l lucs  I I I  ,I j i11)~1\,1\ccl~Ilal. lo1 cxarnplc.. I ~ ~ ~ r n r r l g  

as the "ground ruth." The second sel, llle "szlecled set." is set 01' vi~lucs sclectccl b y  ~ l i c  hyslc'ln. 

These are [he f'eatu~c\,slues that the IE system acru~tlly extlacts (as opposed to what the .s)/sLem 

should extract). S ~ n c e  the IE systern can rnake rn~rtakes, i t  IS  Ilecess:-lry to qua l~ t~ f}the el-101 

Thus, In IE 11 1s colnlnoli to dcfinc t ~ u c  pos~tl\/cs(TI') as [how feature \ralucs thnt the IE jy5tcrn 

extracts correctly - I.c.,  \lalues that occul. in both rhe targct and sclcctccl sets. 'True ilcga(i\lcs (7.m 

on the o t h e ~  h m d  arc thohe fenlure values that arc nelrller In ttlc ~Acc t cd  het nor In the target \cr 

Thc wrongly cho4en rcature values In the selected set are callcd frllje p o ~ ~ t i v e s  f'c~irure( F P )  l'he 

vdluel In the targel set thnt wele ~ncorreclly not \elected dre called falw negat~ve\  ( F N )  r'lgure 

2 4 tlom 111 d e p ~ c i jn tlldgldln of the lelclt~on\h~p ,lnd f h1h c t ~ w c n7 P, L V  I I' 

elected 



Fre~li~entlyu\ed metl~cs ~ncludc pl-e;luoli rec'1I1, wh~cll rcly (111 tlicevalii:~~~on and 

quarlrltles tlefined above. Prec~sion (P in Ecli~arion 2.1) is calculaled as TP/(TP+FP). ancl recall 

(K 111Equat~nn3 l ) as TP/(TP+FN). Values for botll pl.ecislon and ~ecall  rangc betwee11 0 al~dI ,  

~ncluslvc. When cvaluat~ng a tcchniquc, thc hlghcr the prccis~on and recall, thc bctte~ tlie result 

One important ohscivation is that prcclsloli and rccall arc frcclueiltly i~lverscly relarcd Onc 

gzner,~lly has to hacnf~cr: precixio~l to Increase and vice vcrsd For cxamplc, ~f~ c c ~ ~ l l  'in 

info~.lnation retrieval sysrcm returns an enlire collecrion ol'docitments i n  response to a cluel-y, tlic 

recall is IOO($!, but rl~e precision may be very low. O n  [he orlies hand, i f  the syx te l l i  seturns only a 

f \ v  rcle~il~it  the precision \vould be high hut rccall likely low. lisui~lly, pl.c.c~sion-d o c ~ ~ ~ i i e ~ i t s ,  a 

recall curve I S  u\cd lo plot th15 ~radcoll. Flgilre 2 5 \ltolc\ a sarrlplc ol huch :I C L I I\ c 

(1 2 0 J 0 6 0 8 1 

Recall  

Figure 2-5: A salnple precision-rec;~llcurve 

p1'ec151on'tnd recall uv111g Equat~on 3. 1 tram (21 



Equation 2-1: FII 

glven pleclslon anti recall IS the same. IS  fl IS less \ha11one. then precib~onI S  uelghted ~i iore  

he'lvily than recall. On the other hatid, ~f 13 I S  greater than one, then recall becomes more 

imporran[ than preclhion. Using FI1,I r  is slraightlol.war(i to compare the perlolmance o[ system,, 

having d~f'ferentprecision and I-ecall.In  summary. following 121 we conclude [list 

p=0 implies rhrtr FI\= precision 
(1=:x, i~nl)licsthat ITl\= recall 
/ ) = I  ilnplics tl.1~11 recall ;uid prcc.isio~l; ~ r ccclu;llly \ L . L : I ~ ~ I ~ c c ~  
[3=0.5 iri i l~l~es111alrccnll is half as i~ l l l~o r~ ; i~ l l;IS ~ I C < : I Y I O I I  

[3=2 implies that recall is twjce as irnporrallt 'I.; prcclsio11 

3 Related Work 
Much worl\: Ii;~sbeen done in study of inforrnat~onextractiu~i(IE). Nurriel.ous nlgorithll~s 

and comlnercial system5 have been developed to har~clle111c task  of  undcrs[rind~n,g[cxlual data. 

Yet. there \ 1 1 I l  1elndln.s much work Lo he clone In t h ~ \sectloll. we beg~nby cll\cu\\lng ~ e \ ' e ~ a l  

p o p ~ ~ l a rcomlnercial I E  systems that are c ~ ~ r r e ~ l ~ l yavailable. As part of'tllis analysis n!e identify 

l im i t a~~onsof these systems 111 o~t ielro lnot~vateour own resealcll. T h ~ sI S  tol lo~,et lby a levlew 

of several plornlnent IE c~lgori t l~msThe f ~ n a lsubsect~on\limmilrl/c\ open pr c~blcmsIn the 11' 

field 



3.1 Commerciai lE Systems 
l'llcrc dl-C be vela^ C O I ~ ~ I I ~ C I C I : ~ ]  C U S ~ C ~ ~ ~ Yava~ldblc lhr~l \upl>(>rI lnforrnat1011 C Y ~ I ~ L C ~ I O ~  

l'hc mot-c advailcecl of thcsc cy$telns '11-e N c t O ~ \ 1 0  [? I ] .  ClcnrForccr (211. A c 1 o 7 ' c u 1 ~ ~[IS] .  nr~d 

1UM Ii~tclllgcnt M~rlel l'ol 'l'cur 1231 Ar thc lrrric 0 1  t t 1 1 \  1t1cc I c - l ~ ~ i c s ~ \ ~I n  N c l O \ r  I b ~,\nkl\ u ~ \ ' c ~ ~ I .  \ 

IUM l n ~ c l l ~ g c n tR'l~ncr lo] 'l'cxt \+,.I\ 111,1t nc11hc.r \ystctll ~ i i p l~o~ tcc l  I C . I I U J C~1 j c . 1d ~ , l ~ n ~ . t l  C \ I I ~ I ~ . I I O I I  

r 7 

11111 \everely Irln~t:, rhe rypc\ ol lealurr$ thal cnn be cxrr,lc.tcd I-01 exalnplc. I I  I \  n o [  po\\rblc: IO 

use llle NCIC [a]codes as a bctsis fo r  information extrac~ion with such tools despite rhe fact that 

rllese codes form the bds~b fi)r one of' rile nation's lllost advancccl Cr~mina l  Juslrce Info~nlation 

Systems. The same sul-\!ey results re\lealed that ClearForest and /?\eroTextT\,l, on the other hand, 

.orlly supported rhc manual creation of uscr-dcflnecl featurc cxrraction rulcs. As noted, this ~.csults 

iri a \/cry high kno\vlcdgc cnginccritlg cost for i~scl.s of' sircll tools. In  contrast, 0111- proof-of-

concepr xystern supports the cluromatlc genel.ation of' uaer-defined fcaturch b a d  011  our sernl-

\uperv~\ed learning r ~ l g o ~ ~ l h ~ l i  educes the hnowledge crlglrleellng olThi5 $~gnrC~~dntl}, L O \ [  

ujing our \yctem as cornpaled ro AeroTextlM, C len rFo~e \~ .  ~omrncrcrdll)  ,~\,,i~I,lhlc dnti ~ ) t l i c ~  

systrln\ 

In ;~c ld~r~on.  I \  mole i lcx~blc rh,ul rh,li ~ ) ~ o \ ~ t l c d .  lor c\,~rliplc. our ,cpmcnt,lLion , ~ l ~ o ~ i t h r n  

i n  AcioTcut rV 'At AcroTc\trhl  supportetl only rhe use ot \c~lrcnces '~nd rhc t1111c of our ~ L I I \ C Y ,  

paragraplls as segments, but In our ~esearch w e  have deternilned that \ i~b-senter~ce scgrnent;lt~on 

1s rcqu~red ro prcclscly extract ccltaln lcalurcs [2S] Ah a icsult. o u ~  scgrncn[,lllon a l g o ~ ~ t h m  

ci~nbles u s c ~ s  to d c f ~ ~ l c  scgmcntntlon ~llctliods Another key [hat1hc1r own ~ d l l ~ ~ b ~ l l t y  

disti~igui\he\ vul a p p r o a ~ h  f ~ o m  o t h c ~  tools such '1s A c ~ o T c x t l ~  the lcplc\entdt~on of pattc>111\I \  

~hrotrgl~ cxprcjalons Aero'l'cxr I \ ' ,  tor e\dmplcx, u w \  LI ~);lrtcrnthe use ol ~cduccd  rcgul ,~~  rnLi~lll;~l 



for-rn~~lionmethod bused on assigrlirig \vords in the input lo bins in the patter.11. Tlieor-etically, the 


rules created using Aer~Text ' l '~"  
are not as powerl'ul as the ~.eciuced rcgulal cxp~.rssions dzllneci iri 

[ 2 . 3 ) , and. as a ~.csult,olll. illfor-ithm is able to rcpseser~ta wider range of'p;lttcrns. 

Thcrc are few if any publ~shcd results relating to cr~rnindl ju.st~cc tliat nicdsure rhc 

~. 'c~.fori~~aricc comr-rlerc~al ~ysrcrrl\ Of ttlc co~ l~ rnc rc~n l  \ ,c\cd.of curl-cntly a\!L~rlnblt: \y4rcril\ ale \ L I I  

~chulth hrt\,e becri publ~\licd Sor NetOw10, Clcnrl 'o~ CAI Aer o'l'c\ll \ '  1 1 1 ~\vrdcI\c~~icl  L3;1\cd O I I  

ernployed Fp rrlctllc (Equation 2 I ) ,  NetOwlO (Ihoc]ue\t. Inc, 1998) L~chrc \cd  .Ipcrforrn:~ncc 01 

93.995% on thc C X ~ I . ~ C I I O I Iol- MUC-7[27_]MUC-7.h o \ + c \ c ~ ,15 ,Ite~ilpl~~tc-clcrncnt task 

collcct~onof rlewspal>cl ar t~clcs  Results liavc been publ~sl>cdf o ~  Clc:~rFo~cst ofns tlie W I I ~ I ~ C ~  

the 2003 KDD Challenge Cup compctitlon In the b ~ o m e d ~ c ~ ~ l  I n  addltlon,doriid~n [s] 
AeroTexllht results w c ~ e  precented in 3 tcchn~cdl leporl a1 rhc 2002 N111 Sromeclicdl Conipu[~ng 

lulere\t C;roup (BCIG) sernlnar IS6j. 13aw.I o n  our \ e a ~ c h  01 Llie publ~cly ;i \fa~l,~blc ~rrlorma[;on, 

l i o ~ ~ e ~ e r ,  t l x t ~ ~ ~ c l ~ o n  In lerrns ol p ~ e ~ r \ r o n .we found n o  publ~ \hed  rnfo~-mdr~on per lorm;lnce i e ~ l t \  

leeall. 01 Fli reldted to lhe clkm~nal jusllce domain for any of the commerc~al ~ ) I . O ( I L I C I \  we 

5\11\,eyed Thrs I <  riot 10 cily tll; i t  tliese 131-oduct\ arc not  berris u ~ t f  c l  lcctl\,cly rn  thc cr I I Y ~ I I I , I ~  

j u~ t i cc  tlorn:irri - only tliat ~t the trrne our sur\ c)  \ 4 3 <  coricluclccl. \ye \ \  c ~ cun.~hlc ro ~ ~ l c \ n r ~ l y  

publrcly av,~rlable rnarc~lals tliat repor r 11cr tor III;IIICC 111 I C I  of L ~ C Wrneir I (  \ 

111 contrast. wc havc dc~llonsimtcd rliat o u ~  p~oof-ol -concept \ Y ~ ~ C I I I'15 C ~ C \ C II t)cd 111I:.;) 1 

ach~cvcs cvccllcrit rcsulrs o n  ~ C I IO ~ ~ C I I - U S C ~fcarurcs from police ~rlcldc~itrcporrs WC C O I ~ I ~ J I C  

our npprodch ;lr~cIrc4ults w~t l i  13)a4 well a \  u.rrh orhcr dcatlcnilc ~ n f o r ~ r l a t ~ o ~ i  citraction \ y \ t c ~ n \  

111~ h cfollowing scctlon 

http:patter.11


3.2 IE Algorithms 
111 tli~s scctton wt: Ilrghlrgl~t~1 fcw clrffcrcnt l c a ~ n ~ r ~ g  uxcd 111 1E E,r~ly 11,1mcd- ~ l g o i r t l ~ m s  

crl~lty cxtrdctlc)n systc111s i~scd Ilnnd-cr:~f'tcd rulcs w h ~ c h  ~-cr~ui~cc l  cupcrts to scad t l i~ough dorr1a111 

~ h ct lunlng ~ l d t d .wllte 1111~s hl~o\* 'tnd ~ C ~ I I ~ Cthe I-ules Ol'tcn. u4111g d~ll l r i~r i  lcdgc, test the I I I ~ L ' S ,  


d c \ ~ g n ~ n g  \ e ~ c r a l  Itel~ltlons of rhl5 L ~ c ' I c :  to prodircc thc dcs~rcd r c j u l ~ \  
rllc\c \y\tems ~ c c l u ~ ~ c d  

'l'h~\ fully ~iidnual approrich requires not only \!-rat the h u ~ n a n  exper1 have dorna~n-<pec~lic  

knowledpe, hut also that hey know how to XI-rte named-erlliry extr-acrion rule4 

Icarn~ng algor~t l l~l l  d15covcr ~ u i c \  from the cirit(i Oncc ,i I C ~ I I  1111ig rtliln l l c i \to i ~ u ~ n r n a t ~ c ~ l l y  .11yr11 

bccr-r dc\'elopcd, u q c ~ s  do not ~ i e c d  \o  k i~ow thc de ta~ls  ot thc a lgor~t t~rn ,  only job f n ~~ h c  uscrs I \  

to plcpare good qual~ry rralnlng data 

There ~ I C\ e \ c~d I  popirla~ ndnlccl-ent~ly exrlrtctron d lgu r~ th~nslhc1( ale u\ed to l ed~n  

e\rrrtcllr)n tules Thew ~nclude.  but are 7 'rL~r~\lorrndl~on-B,i\edn r ) t  Illn~led to, the l i ) l l r )~b~ng 

Learnrng (TRL). I-I~dtlen Mdrkov Models (HMhlI), Moxl~ziurn En t~opy  Model\, and S u p p o ~ ~  

Vector Mach~ncs  In what tollow\ wc bl~e l ly  su~vey  lhe\e app~oache:, 

3.2.1 Transformation-Based Learning (TBL) 
' I ' ranslorma[ron-Bdd Lertrnrng ('I'BL) u\c\ prc-cicl~~lcdtc~rlpl,ltc< to ;cncr,lIc 111lck t l~,~r  

TRI, was part-or-speech tagprllg (101,1 t  I S  11clptul ro 1111nhof cac11 L V U I C I  in 3 i ~ , l ~ ~ ~ c t lc r l l , [ ~,I\  

having a special [ng. THI., is adept at lc:rrning r~rles that assign these t;tgs to \vc?t-ds in pr.cvio~rsly 

urlsccrl data. 

TBL cn~ploys a11 Itcratlvc, grecdy algor~tlim durlng l e a ~ n ~ n g  Altt)ougll man)! dlficrcrlt 

tsansforrnations Inay be disco\,ered during Icuu.~ling, i n  a give11 iteralio~l only thc rr-anafo~.rnatiu~t 

'_ _ _ _ .  --- - .-z.i.,I _ -.---.. .-
~~ - - - -
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lli'it yields tlie best pc~ io~n i ; i~ i ce  value of a scorlrlg lunct~on) I \  choscri(e g , the l ~~g l i e \ t  The 

11ewly le'uned [Iansl'orni;~~ 1s rhcn adriscl to ri sct 01  outpur I ulek I O I  u\e I11 cxlr , IL  1 1 ,~ o n  )n 

Using THI., William .I. Rlsck [.!1)1cxr~acrcil persons, localiolis, organi/;ilioll\. ctc. I I - O I I \  a 

collection of 11cws wirc articlcs wlittcn in Dutch arid Spariish. His avcr.a;c I scor-c5 Lvcrv 

82.3jC%for l)urcl~-language al-ticlcs and S0.79Yk for Spanish-languagc arricles. 

3.2.2 Hidden Markov Models (HMM) 
The use of Hldden Markov Models (NMM) IS another learnlng approach usetl In  1E. AII 

J1MM cons~stsof a sct o t  slr~tcs Q. wllh l n ~ t l d lstalc q, ,111d tlndl stdtc q l  Thc rnorlcl ~ricludcsa sct 

of ~ r a r i s ~ t i o ~ ~ s  = (6,,6?, . . ,  &,,,),bcrwccn starcs (q+q') arid output alpllnbct 

Figure 3-1: Hidden klarkav M/~odel 

By :tpplyng tlic ; ~ l g o r ~ t l ~ r ~ ~  to the t r a ~ n ~ n f  data the stater, trany~llcm 13roh~ibrllt1es P ( q 3 q 7 )  

and ernlislon probabi l~l~es P(q76) ale learned ~ I L I I I I I ~  the PI-obab~lrry t e r t~ l~g .  of a sr1111g be~rig 

cnutlcti by a HMh4 I S  computed i l S  a sum over all pos\~hlc pntlla 

111 an appl~catlon of HMMs. Kllstlc Scyll~nic [31] extracted t~t lc ,  author, n f f ~ l r a ~ ~ o n ,  a d d ~ c s r .  

cmdrl, date. phone, hcywo~d \ ,  ' ~ n dsc\/cl'~l other feature\ [lorn h e ~ ~ ~ l c r c  ( l 1 1 9 r  ~ ~ I I ~ I S I ' I ~ I Ior 13'igc) 

of corrlpulcl (clL.nce rescarcll p;lpcr\ 'fhc Livcragc l;I1-I~ C O I Coh[,111i~d Im,i{ 00 (+ 



3.2.3 Maximum Entropy Model 
Another popular inforrnatlon extr.actioll algorithli~ IS  the Maximum F,~\tropy Motlel. I n  th15 

approach, each feature 1s drvlded rrlto four sub-clas~cs fcaturc-befill, leaturc-con~lrl~lc, Icalurc-

Equntioli 3-1 Functionv for thc blauirn~ullEntropy Modcl 

These equations dclrrle thc following va lue \  P(il1-1) 15 thc coi~dl t~onal  probiib~llry [hat rht: 

current w o ~ t lhelonps to c h s s  f (e g , a narnetl entity) slven rl history of e\,eilts h 7, ,{h)  I $  used 

for ilorrnal~zatror~g~veiicr,. wli~ch15 a \vc~,ghtlearned diinrlg [rarrllng g ,{f ,h} 1s n b i r ~ a ~ yfeature 

functron thnr :tllow\ thc Icarnlrig ~ lgol r thm to drstlngu~cli fc:~turc\ C o i l \ ~ d c ~ ,  for cxnlnl~lc. tlic 

casc of'd cap l ta l~z~cl  I f  :I then ~ v t :  1 1  I i h~ . l !  I I I , ~ I 111c.word \void 15  c a p ~ t ~ ~ l l / c d ,  r r > ~ ; l i ~,1\+urnr III,II I \  

\\orci 15 ;t ~7cl\oll'll ll~llrlc 1 1  LbL! I Ill I 0  l l l l \  \ 4 c ,  l l l ~ ~ l >\1\eci g ,{  I L ~ ~ ~ l L ~ ~ ~ ~ l I l  l l , l \ ( %  1 1 1 , ~\Lc~llcll~o. \ \ O l l ' i I  

lollowir~g 1,ltiary lun~tiorl 

1 .  if11 is a capltali7.ed ulord ancl f = nnrncd ei l t~ty 

gr{h,fl = 
0:else 

d u r ~ n g  rralning and P(llh) c'tn be compuLed. rhexe v,\lues tio nor need l o  be provrdcd by the user 

Howe\/el, a di-auback of thls rtppsoach IS  thdt tlie M ~ x i ~ i i u m  Entropy Model sequrl.e{ lnterlslve 

feature-specific labeling to create rhe training data oecclecl by the algori~hni 



Hal 12eong C h ~ e u  and Hwee Tou Ny i~pplled t l ~ c  Max~rn~ tm Entropy Model ro extlacr 

l't~arurcs sucli as speaker, location, start Lime ancl end Lime ii.orn scmirlill. :-lnnouncerncllls in their 

~ e s e a ~ c h  was 86 9'7013-21 	 The be\[ a\lel;lge FL\-,score tliey ach~eved  

3.2.4 Support Vector Machines (SVM) 
The named-en11ly cxtr:ict~on p~oblcru can al\o hc conve~tcti  to :\ wort1 c l n s ~ ~ I ~ c . i r ~ o n  

~vahlem a t ~ d  s o l \ ~ l l  using 3upport \ cctor ~ni lch~ncs  ,1t1~~1111>1\(SVRf1) Tilt‘ SVR1 , I I ~ O I I I I ~ I I ~  lo 

d~scovcr:I plarle that grvcs the grcatc\l \cparatloll hcr\vcc,~i cl:i\\c\, ~c.~-n~c.(l r l i , i \ l l l l t l r l l~ h c  I ~ I , I I ; I I ~  

hy~)crplarw. Classes ;IIT clistinguisllc(l I,y support vcctcjr..; ~ I I ; I I  arc ~nsr;~~ic:cs {llc I )~u~i~l i l l -y  O I I  01 

t l ~ c  Inaxlrnurn rn:u-gil~ hypcrplanc. 'Thcrcforc, t11c task of thc SVM is to disco\ler t l ~ c  support 

vcctul-!, and thd cosre.4ponding maxlrrlunl rniugin hypc~plilnc. 

Pnul McNan~ee  [a] n SVM lo Icarn pcrsons, locations, orgnnlL~ulons. fro111LIICapp l~cd  crc 

,ame collect~on u\ed by Black In [XI.HI\  work />rodu~ed  FI,=,~ C O I ~ Suf 50 52% for he Dutch-

lanyudyt: a1 trcle\ '~nd60 97% f o ~tlie S p n ~ l ~ \ h - l a n g ~ ~ a g r  a ~ ~ ~ c l e c  

3.3 	 Open Problems in Information Extraction 
The growth of [lie 1E I~e ld  Ilas brought wllh 11 acveral cl~allenges thal rcrlialn to be bolvcd 

3.3.1 	 Knowledge Engineering Cost 
One ol the\e challenges I \  the htgh c.ost of k n o ~ iicclsc cnginccrrllg '1 ,I, notctl I , I ~ I I I O ~ , I ~ ~ ~ J 

pre\~iously [lie usual ajlpt.oach ro perf0rrn IE is to use h;incl-craf'tcd rulcs. A,; u;;ij a lw  tlrsc~tx\cti. 

rnanual consrrucrio~i ol' the rules r.ecli1il.c~ not only linguisric ant1 dn~nain expej.tisc. bui i\ year 

deal 	nt time As ~ n e n t ~ o ~ l e d  ap ~ e v ~ o u s l y ,colnmon solut~orl to t h ~ sp~oblem Itas been to adopt 

machlnc l c a ~ ~ i i ~ i g  urcll-known front corpus llngu~stics to manually an~~o ta t c  ~ C C ~ I I I I C J U C S  a corpus 

of rcleval~t rcxts and nuromatlcally lcarn rulcs l'rorn such corpora I3-41. Thc use of m a c l ~ ~ n c  

learning is mntivatcd by the Pact that the cost of labeling docu~ncnts is usually considerably Icss 



1lla11 1.1ie cost of' \vriting the extraction n ~ l e s  by 1ia11d 1.351 (361.However. the qual i~y of inj'erred 

rules csucially depends on tlie size of [lie corpus, and ~nanual  annotation is also expensive. There 

i1l.c se\/er;?l niethods rhat crin bc used lo partially solve this probleni, such as relevance statistics, 

activc learning, and bootstrapping. I-Iowc\/cr, thc p~.oblcm scmains opcn at this time. 

3.3.2 Scalability 
Another open challenge in  the IE field is to build scalable iiypl~cilt~ons co\/er ncw tllilt  

dalnal~ls(e g , ~iiedlcal abtracts ,  sc~e~lt l f lc  	 For 11iok111:papers. pcllice report&, ctc ) [-I71[3jJ[j9] 

domain-spccil'ic concepts. It is vcl-y riifficult to rruro~lliitically gcncr:lrc tllccc s ~ ~ l ) p o r ~  f'ilc.; 1.01. 

ct~ffcrent dol.nains. A rclatcd scalabi.lity issuc occul.s whcn adapting 1li sy\lclils to linguislic 

fcatures specific to difi'crcn~domains s i~lcc dil'fcrcn[ grammars iund Icxico~ls niiist be provided to 

enable the syslem to cope with specific linguistic c o n s l r - L I ~ O I S  ~vpicalof the applicr-~rion/domain.. 

All example ol' this occurs i l l  online news lnzdia, u!liel-t: web-based hlogs call radically difltr  

from online newspal~er-like texts. 

3.3.3 Accuracy 
Data rnacciirctc)/ I S  also a source of p~obleins. Fos instii~ice. the data may be erloneou\. 

4 	 Reduced Regular Expression Discovery Algorithm for 
Information Extraction 
Hdv~ng ~ x o v ~ d e d  d hackg~ound to the field of lntoi-rncrt~onextlcictron ( I [ < )  and ~ L I I I I I I ~ C I4011lC 

ol [lie open ptoblem In 11ie f~e ld .  r h i ~  scclroll of our rclporr presellls a sernl-\uperv~scti. acrlve 



~lsedas patterns to pe~.l'orrn irifol.m;itio~i extraction. In this sectiorl u!e pl-ovide :I dcf'i~iition of 

~cduccd  rcgular cxprcssion, givc an cxrcnsivc dcscript~on of oul scnii-supcr\,iscd RRE Discovc~y 

evaluated for use 111 ous algoritlim, and prcsenr our approach to active learn~ng withln the scmi-

\upe~viscd f~ alnewo~ k of our IZRE LJ~sco~~c ry  algorltlim 

4.1 The Definition of RRE 
Reduced regular expression ( R R E )  C;~\/cn,I f in~ te  ;llpIidhct C. n ~cduced  reguldr cxplcs\lon 

YcwcT:. ct 1 5  an R R E  ;ml de~iorc\~ h t .\el ( ( 1 )  

All \ 4 1 0 1 ~ 1 \111 0 ~ 1 1  1 ~ ~ 1 ~ 0 1 1  [:IS$1 1 )  1 1 1 ~  k'~1111 11  1 I > C \ ~ O I I ~101. l l l ~ I,111 pd1 -1 -0 f - j l )~~~h  [;I$< L \ I  


, 'bcC, where A I S  the sl'trr oi '1 Ilne. '1nd 5 I \  rhe end ot ,I Ilnc 


[ O - 9 1 ~1,whcre [0-91repeselits ariy 51nglc numcrlc d ~ p t  

[A-Z ]EL,where [ A - Z ]leple\ent5 any \ ~ n g l e  alphaberlc ~ h a r a c t e ~  
( uppc~or lowel c s \ e )  
All punctuat~on cIi,ir,~ctzr\ belong to C. 
All u h ~ t e .  \pact: chriracler\ belong to x. 
EE 1IS the null jymbol ( I  e . the empty \tring). 
(uIc) 15 dl1 K K E ,  w l i c~ccr E 215 any vnglc dlphrznumcr~c o ~ . p u n c ~ u ; ~ t ~ o n  char,~ctcr 
lf r ancl s dre KKEs denollng ~ h c  ILinguage" and S, respecr~vcly. then (rs) ~j 'In KRIJ r h n ~  
dcno~eslie \et liS 

r 7I he mrljor ilil'tksence between regulas expressions and reduced regular expressions is ~ l i u t  

I-educed regular expressions d o  no1 support Kleerle closure (i.e., ' * ' ) .  Exa~nplesof' regular 

expressions that are not RREs include: u*,(alp), and a+.wliere u itl~dj3 are arbitrary word or 

part-of-speccli members 01' 23. Wc have no[ I'ounti i t  ncccssal.! ti) sul>pc)~.[sucll regular 

expression\; I O  ac.hievc high ;tcc.ul-acics 



4.2 The RRE Discovery Algorithm Framework 
In t l l ~ s  scc t~on  we p~cccnt  our semi-supcrvlscd applodch to the d~scovcry of Rl(E5 Slum A 

smqll sct of labclcd rra~nlng scgnlcnts. 'fllc proccss begins w~tt l  prc-p~.occshing and 1s followcd 

by the app l~ca t~on  of g ~ e e d y  algor~thm to dlscovcr K K E \  Wc. dctL+ll thcsc stcpr In ttlc S o l l o \ ~ ~ ~ n g  

sec~ion\ .  

-4.2.1 Pre-Processing 
Our semi-supervised 1c:rrning algorilhrn rcquires three pre-processing steps: scg~llentntion, 

4.2.1.1 S e g n ~ e n t a t i o ~ ~  
At t l l~s  stage, each ~rlc~derlt  \rgrncrli\ \cy111~>111 ;{I \  I I I \ ~ : I I ~ C L ,leporl 1 5  \plrt I I I I ~  1 ~ ; 1 c l i  t?c(.orr~~*\ 

111 our. sysrcm ?'he t11s1 step sp l~ l s  ihc Input Illlo \cr1iixl1l:c\ L I \ I I ~ ~  o~c,\crlr~.tlrlic t c c l~ r l~~ luc  1 1 1  191 10  

dctcct senrcncc boundurles The Input d:~ta is furtlier d~v~dec i  :uc '1on cotnmas, althougl~ 11lc1~: 

snlnll nunlhcl- o l  crzscs ivhelc: colnrnas ale not  segment boundarlcs Wc also ctssu~nc that no 

1i.atu1cs closs segrricrlt boundaries. T h ~ s  assumption is p~actical I'or ,I nu111bc1 of ~rnpol - t~~nt  

iitrribures. including those discussed in seclion 5.2.1 on  1.csu1ls. 

4.2.1.2 Scgment Lal~eling 
I'riol- to thc stalt of thc labcllng ctngc. do11i~1111 the at ts ib~~les  cxpcrts muct 1d~11ttf)~ t l l ; t ~  U I I I  

be extracted For instance, if [he high-level goal 1s to extract phy.\lcal dexcr~pt~on\  of suspccth, 

the I~st  shoulcl include Ile~gllt ,  Mi ' c~~h l ,  Eye Colol.. ctc  I1u11ng tralnln? scr dc~cloprnc~nr. caili 

. .
seg~iie~l tis evaluated ~nanua l lyand assigned (me 0 1 - 1 1  scgrllc.rl1I T I O S ~lahcls. I:or. ~:x;111iplc, ;I 

~ncludes Height and Weight rnlorrnat~o~i,  [he donla~n expert a\\igns I-roth ol thew Idhc.l\ LO i l ~ c  

segmeut After label~ng,  each i ca tu~e  Iias 11s own true sel and lalw \el 



traln~ng\el rnust he assrgrled Its correct pal-1-of-spcecll tag hcforc lie le,irnlllg procc\j  bcg111~ 

Cu~len t ly ,  we are usrilg Eric Rrlll's (101 past-of-speech tdggzr to tag our rratnlng sets l31.111'\ 

lagger uses the Pen11 tag set 111 (Table 4.1 corltatns some examples of Pen11 tags) Wc llavz 

cnh:+nccd our lcxlcon to ~llcludc cxtra tags for fcaturc cxh-actlon from pollcc ~ncldcnt rcports For 

cxalnplc. (CDS) 15 used for plural llurribcrs such a5 "twcntics" 

T a l ~ l c4-1: Example tags Srorn Pen11 tag qct 

Tug Category Exsnlple 

C:I) C:i~rdinirl rlu~nbcr 3. I'il'tccn 

IN Prcpos i~~on  111; l'or 

PI<P P~.onolirl tlll~y. hr! 

I'KPS D c ~ c ~ m i n c r .  ~ h c ~ r ,l~o .~ac .~s i \ - c  ~ O L I I  

DT D e t c s r n ~ ~ ~ c r ,  1111'. 110111al-lick 

CC Cn~l j i~n~ t ro l l  dlld. 0s 

R B Adverb ago, very 

.IJ Adlectr\e Ilappy. bad 

NN Nr)ull, \1ngu1'11 ~llrcruft,data 

NNF' Pll)per Noun 1 .olltlon, RCSIOI I  

NNS Plurd Noun bookb. yzilrz 

VHG Vcrb, prcbclic pd r l l~~p l l :  laking, living 

VHP Vcrb. I~<i\e procnt  iirc, ~ a h c  

VBD Vcrb, i~usiliar): Iv.past LYIIS. wcrc 

VL3Z Vcr-b. ; ~ i ~ x ~ l l ; ~ r y  I \I)(,, prcscnl 



4.2.2 Learning Reduced Regular Expressions 
Tlie goal of our algi)~lthln 1s to t i ~ \ co \~essec~ucncesof word5 arldlo~ p,ll-t-of-speech lags rh;lt 

have h lg l~  ficqucncy In rhc truc set. u h ~ l c  I i a v ~ ~ i g  lllc I I L I C ,  \ C I  Sli~,low f~cquclicy o ~ ~ ~ s ~ ( l c  

algollt111-n f~ r s t  clisco\/crs rhc most cvrrlrnoll clcrnc~lt ol 311KI<b,, ternlctl [l,c loot 0 1  lhc I<KI. I I I C  

algorithm thc11 cxtclicl\ thc K R E  using a n  "ANI)'' ol,clator. al'tcl wlll~.lr II d ~ s c . o \ c ~ \~ l l cF;II) \  

bctwcc~n e l e ~ ~ ~ e n t s  the stair and the e i ~ d  of thc KKE ;ire lertrncd. I ' I ~ L I I C4.Iof the KKE. F l ~ ~ a l l y ,  

depcts  lhc en t~ rc  1c:lrnlng process F~gurc3 2 portrays the samc p~ ocess i n  algorithriiic form. An 

example (in sectlon 4.2.3) explains how the algal-ltlim works nt each stage ol the learning proces4 

''ANLI"Iciu.ni~ig 

"GAP" le31.ni11g 

F i~ure4-2: KKE 1)iscovel-y A l p ) r i l h r n
Iiigure 3-1: U K B  Ijiscovery 

Our ap1)roacll err~ploys a co\'er.lng algor~thrn After an RRE 1s d~scovered. the n lgo r~ th~n  

rcnlovcr f~.oni thc truc set all scgmcnts cuvcscd by thc RIIE. Thc rcmainlng scgmcnts bccolnc 

rlcw triic sct and thc srcps In Figurc 4 1 I-cpcrzt. 'l'llc Icnrn~ng proccss stops wlicn thc ~rurrlbcr of 

scg~ncrlrs Icf In the truc set is lcss tl1a11 01 cqual [o a thrcshold 6. Wc usc this thrcshold bcc:~usc 

overfitting results if too few segments are used to discovel. ail R R E .  6 is :-I Ix+rameter i n  our 

\ysleln, and must he an  Integer B y  delault 6 1s WI  to two 



O L I ~  llie exact locarion i~pproach is a seliii-supervised learriirig melhod. Instead of' labelin: 

of' f'eatures in a training sel, [he trrti~ii~lg-set tlevcloper ncccl only record whetlier a specil'ic feature 

of lriterest occurs 111 a segrncnt Norletlieless. tlie RRE Icn~lledby the dlgor~ttirn prec~\ely marelis\ 

t l ~c  lcd tu~c  of ~ntclcst- tllc tlct,i~l\ ot c'ic.11 \ ~ c l )  ~ r l l r l lno niurc and ria Ic$\ Wc t l c l~ l c~  o l  rhc , l lgo~ 


In i b h n t  follo\v\ 


4.2.2.1 Discovering the Root of an RRE 
In  t h ~ s  \ ~ c p ,  each worci :und/o~ p d ~ l - o l - ~ p e ~ c l ~  lag tspec~trccl '14 :i s~rriplc RRI,) 111 e , ~ c hIrirc 

5et segment 1s matched agalnu all segmellt\. The perfoinlauce of each such R R E  In terms ot Fp 

(Equ~t ion  2.1) is convdered. To relterdLe, In I;qud[~on 3- 1 P = precl\lon = TIJ/(TIJ+I-P) .~nd R = 

~eca l l= TP/(TP+T;N), where T P  'ire true po\lti\/es. F P  dre kllw po\ltrves. and FN are Salhe 

negatives. The pasarneter P is the ratio of  ~.ecall to precision and enables one to place greater or 

lesser emphasis on recall versus precision clepenclirig on the needs of lhe applicat~on. 

The element w i ~ h  maxlmum is c h o w  as [he r.oot of the KIIE. 'Tlie c~ lgo r~~ l l rn  ad i s cove~ \  

word or part-of-speccli tag that has a tlrgl~ freclucncy of occul-rcl~cc 111 scgnlcllts colltarnirlg tllc 

fc'it~~re.For c s ~ ~ n l i ~ l r ,  lor [he ,~Ltrrhtrtc .4gc 111tlic C K ' I ~ I ~ ~ I L -S I \ C I ~1 1 1t11c roo[ clr~co\e~ccl \ L I I I O I ~  

4.2.31h the pall-of-speech tdg " {  IN]"  13eca~lst:each elelnenr I I I  c ,~ch anrl e\,ery \cy~ncnr 111 ~ l i c  

true set must be tested during roo[ discovery, tlie time coniplexiry of' l.oot discovery is equal to 

the number of elen~entsIn the true set. 

Our approach places less ernph:+s~\ on preclsloll ~ n dmore on 1.ecal1 d u i ~ n g  tlie loot 

. d~scovc~  Narur;~lly, t h ~ s  y plocess. We u\c thc parameter P,,,,,, (by defaulr Ser 10six) to con~rol  [Ill:, 

l z \ u l t ~ In a I'irgel- S ~ Iof wgments [h'it match the roo[ These segmenr\, Iiowever-, ate not 

necessarily all true positi\!es. As 21 result, the "ANI)". ''C;AI'". a n d  "Start/Jlnd" leal-nirig phases 



all p1u11e fi11se 17091t1ves f~ori i  the set of segrnerlrs illat ~nalcli  tlie ~.oot RRE. A \  w ~ l l  become 

cv~tient. this results In RREs that liave both high plecl5lon and 1i1gIi recall 

4-2.2.2 "ANI)" 1,earning Process 

Alrcr lie loot I S  d~scovere~l .  tests adcl~~londl 
lhc c~lgor~llinl wolds and/or pall-ol-speech tdgs 

before 'ind after the ~.oot.  'I'he a lgor~l l~ni  ~rnnlecl~atelyplaces new candidate e l e m e ~ ~ t \  berore and 

'~l'ter the root, thereby Sormlng L\?'o new liREs. The RliE iclth [lie liiglleht I:p repl:~cea thc 

l ~ ~ e \ ~ i c ) u \RRE For cxnrnplc. srnrrlng 1~1th tllc root " ( I N ) "  for tllc atlr~bulc i\gc. rlic R K 1 - " \ c n t l l \  

<C;AI-'> ( I N ) "  nidy bc: d ~ \ c o \ i c ~ c d  L I I C  pdjc 0 1  t l ~ c  ' A N / ) '  I C B ~ I I ~ I I I ~  \ \ I ) c I cL ~ l t ~ ~  I ) I O C ~ \ , \  

<i;Al'> 14 the gap cl~scovered between these thJo elemenrs 3 Intuili\ely. elelncn~ ,rcljaecncy 

~rnplles the u\e of an "AND" oper'ttor - t l i ~ 1 5the ndme "AND leal nlng proceu " 

The n e ~ i  RRE 1s 111en extended 111 the same way. As be fo~e ,  canclldate elements are ~ l ~ s e ~ t e d  

before and after the current RRE Tlie a l g o ~  ~ t h m  rneasu~es the pe~torm;?nce 01 ench extended 

R R E .  , m i  [lie R R E  w ~ t h  the rn:+xllnum Fp 1s selected In t h ~ s  sense, o u ~  d l g o ~ ~ l h m  1 5  g~ee t iy  

C o n t ~ n u ~ n g  exaniple, the R U E  at'te~the \econd pas\ of tlie "AND" le ,~rn~ngtlie p ~ e v ~ o u s  procecs 

rnay be "(CDJ <GAP> years <GAP> ( I N ] " ,  where "(C'D)", "yca~s",and " ( I N J "  are ele~nents  

of the RRE ,tnd <GAP> I epresent\ the gapsthat ha\ 2 Ixen leal ned 

C:ind~datc elcmel~ts consist not only ot u o ~ d <  1'1gs ~ ' 1 1 11~1:and ~)a~r-ol ' . \pct.ch 13i11 nl\o 

"r1~1rnc1.i~" suc.1-I 1okc>11\ c.lur:i u~c.l~ul tokens cumposcd ol' lhc d~girs  10-91. 'l'lic Icngrl~s 01' ~ )~ 'o \ '~ t lc ,  

in 13RE discovery. FOI. cxamplc, IWLI c11git t o l i ~ r ~ s  ils ":?.3" ; I  iigc. \ ~ I I c ~ I I ~ . I ~S U C I ~  iil.~! ~ ) l ~ i : t i  II<:I-\OII 's 

f'ou~.d i ~ i t  tokens such as ''2003" arc lilicly to bc ;I yc:~r. Sirr11la1-ly. a pcr \or~ 's  he~gtir ;~lu:ays 11~1s 

one digit lor fcct and one or ti4:o cligits l'or inches, and a 11erso11's weight u\uctlly has rlircc d i g i ~ s .  



The overall colnl~leulty ol the ''Ah'll'' l~i l l l i~l lgproces5 depend\ on otboih ~ l i c  1i~111ibc'l 

~andlda te  elenienl5 and [he maxlllluln number of elements In an R R E  (a syslcm pnr'llneter) 

More follnally, CAN,)15  tllc colnplex~ty of tlie ''AND'' process, w h e ~ e  S,, 15 the cet ol candidate 

clc~ncnts f o ~  tlic jIhposit1011111 the I"' process In d s~rlglc ~rclatlon ofpass of the "AND" I ca r~ i~ng  

Flg~irc4 2 Altllough S, ,  can coritaln n~al iy clcnic~its. thcrc a ~ c  only t\ro I)o$ltlon\ to te\t 111 cricli 

IICI\\ o f  llic "AND" Icarnlng plocess Onc I $  the posltlori bel'o~e the currcrlt R K E  '~ncl tlie other 1 5  

thc posltlon ,~ftel lhe cullen1 1ZKE An example ol' liow St,  chd1ige4 during the "AND" Icdlnlng 

I)loce\\ 1s delxcted in F ~ g u r e  13 ' h e  dciilal xl/e 01' S,, depend\ on [he r~urnher 0 1  c,~ncllclaic 

elernents (01- each posi~ion j - I ant1 ,j=2 i n  21 scglncnl. ThC ulgol.lr lim ia  c l a l i ~dl-I\.c'li i l l  tIii\ I ~ : ! i ~ l - ( l .  

C;cneral~/rng Jrom llirs exa~nplc. LVC call sec ihal 111 ~ I I C  ",11\'1>" ~ ~ ~ o c c \ \  C I I C, I II c a ~ ~ i ~ ~ i ~ lI I I C I L '  

most N-l p,\{ses I C ~ ~ L I I I ~ ~to test [lit' N-l j~os111011~ b c ~ i ~ i ~ c n  of I\: i'lc'ni~111\(1 ~ ~ , I X I I ~ ~ I I I ~ ~  1 I ~ L I \  ~ht '  

"ANT)" learri11ig process ends when at least onc of thc t w o  follow~rlgcondliiolls 1s Incl cltllcr ~hc' 

riunibcr 01' elcmcnts ill thc RRE rcachcs thc nlaxlmum N,or ,111 cand~datc: clcniclita i n  the 

scgmcnt have bccli tcstccl in all allowable pos~tions. 

Figure 4-3: "AND ' led1 nrrlp ex;i~nplc101  the / \ ~ ~ ontr l  ~bu lc  

G ~ v c ~ i  the C O I ~ ~ J ~ C Y I I V  1 5that 0 5 IS,,I 5 ISI, wc havc I) 5 C A N L )5 7(N-1)ISI. ? ' I ~ ~ r c f o r ~ ,  C\UL) 



'T'I.lc fact rliat t l ~ c  algoritlini is data-drivcn i m l ~ r o v i ? ~  its pcrfosrnancc - 1111s car) be dcd~c:i:d 

by corripculng tht: actu'il corriplcx~ry ol w ~ r h  thc uppcr bound ? ( N - 1  )IS1 I n  ortler ~ \ o ~ c l \cluc 

. . 

to the fact that a given scgrnent docs not vonraln 1~1any \\,o~.ds,in p~ . i~c t ic :~  IS,,I<cISI. 111 S,ICI LVC 

have found a ialuc of tcrl to wor k \ i ~ l l1'01 0 1  N ( l l l t j ~ c d111 ~ I r 1KI<ktlit, ma\ 11~11iihc1 clcn1c111\ 

4.2.2.3 "CAP'' Leal-ning Process 
I i i  the "GAP" learning pr-ocess. our a l p 1  ithm learns the length of' the gap hetweeri elements 

of an RRE. For example, suppose an  RRE learned iol. the Date attr~buteIS"{CD) {MONTH)". 

where (MONTH)  I S  the parr-of-speech tag for Janurtry t l ~ r ~ i ~ g h  BecauseDcccmber. our 

algollrhrn is dcs~gned ro le'1r-n g'lps betwccn adjacent cle~ncnts automrzt~c;llly. I I  cdn, foi cxa~nple,  

Icnr~it l l ~ ta gap of ~ c r o  10 t h o  C I C I I I C I ~ ~ S  bctwccn (CD)  and lhc fo l l on~ng  { h,ION?'II) 1s optr~rlnl. 

An exc~rriple of th15 type of K K E  1s " ( C D ]  ( token)  {0,3)(MON1'I I]". \vherc {token } 1 5  a wold 

fo l l~)wi~ig~ n o ~ i t h ,e g . "the{LIrT] 5 t h ( C D }  of(1N) J,~r~ii(u 11111i1\c.,lsc.y (h lON7' t  I ] "  rhc \\or t l  

"o f '  follo\vcd by ~ t s  parl-of-cpcccll tag followed by thc wol-d " J n ~ i i ~ a ~ y "  gi111r l ~ ~ ~ trhrcclo1 rn '1 I \  

clcrne~lts In srzc 

I n  thih 31mple ddte attr~bu[e cxnrriple we as jun~ed  that gdp\ arc measused III tcnlis ol' 

clclnents -- 11Ilrr1 1s S I ~ I ~ I P I C L I I I ~ I Yoved lf In Ihct, the exzcurinn rime pel form;~ncc of our d lgo~ I I T I ~ I  

"dl14 dre ~ n e a s u ~ e d  ' 4 4  il re\ult, we rneasule gaps In term\ o l  ctlarncters dnd In ter-rns of chdrnctcr\ 

uje ri l l  input parameter y to control the maxinium gap al lo~ced be~ween  ally two adj,\cent 

e lcn~cntsin an RliE Our systcm 1111t1allze5 = 100 bascd or1 [tic o l ) \c rvn~~on 11o a@'~ce~ir w tli'lt 

L 

http:\\,o~.ds


elemeli~s are separated by mo1.e rha11 100 c1i;tracter-s in our- rraining data. For cach p p ,  our 

algorithm iirst de~erlnines $ = nlin(y, (0). where cc) is the longest gap i n  any segment ill the true 

sct bctwccn ~hc:t w o  clcmenra under c o n \ ~ d e r - ~ ~ r ~ o n  I n  scgmenl "lhe(L3T) 17'0s cxnmplc. the 

.5rIi{ ('D) o l { l N )  .Tanilary{MONTH)". ~ n c l u d ~ n g\pac.e\ there are 15 c l i a ~ a c r e ~ . ~herwcen ' (CD)' 

and ' ( h ~ l O N 1 ' H J ' ,and $ = m1n(100. IS), wli~ch I S  IS. 

Oncc J, has been dctcrrni~lcd, t l ~ c  algontlirn tcsts " { O ,  0 ) "  as the gap. In t h ~ sexprcs$ion, the 

'.' ~ q m ~ e n t sany single character member of C The syntax " (0.@ ) "  lileanc that any s ~ ~ i g l e  

character member ol' E can o c c u ~  between 0 and (I, rlrrici l'llc dlgonrh~n. In I L I I  n .  I C ~ I \gap\ 01 

'' (0 , $9-1 I", .'.{(I,@-2) ' ' v  , " ( O , O ] "  \ 1 1 1 ~ ~ l l ~ ~ ~ t  docs\ 1 1 0 1  i l ~ , ~  I I I ~ \  L I I I I ~ , I ~ I  \' 1 ' 1 1 ~ ~  ?,I/) ~ I I ' I I  I ~ - ~ I \ L *  l < l < l  

performiilice I S  used as the flnal gap between two ele~l ie~i ts  G i 1 p 6  I J C . ~ \ V L : ~ . I ~  dili~~i.l-ncof rhc IiIO: 

Thc  t ~ n l c  complexity for thc "GAP" len~ning proccss 1s C(;A~>. wlicr-c G,I S  thc n~rrnber. of 

comparison5 lo identify tllc optinla1 gap bctwccn RKE e l c~nc~ i tn11cl clcl~icnt ~ + 1 .  5 y .I 0 5 (;, 

Given N, the ~naxi~ni irn iiumber of elements In all RRE, the cornplex~ty of gap d~scover-yCc;,,pis 

t l i ~ ~ s  < (N-I)w.  Tliel-efore, 0(0) F ~ ( N v I ) .CG,\p is depicted in Equation 4.2.0 5 Cc,,,, 5 CCJAP 

Equation 1-2:(.'cAl. 

4.2.2.4 Start and End 1,earning 
The start symbol "A"  and end 5ymbol "Y;" i l l  L Iol c i  \qrncilt  nrc al\o ~ ~ \ c l u l  1211f' c l ~ { ~ o \  I< 

a rcsult, our a lgo r~ th~n  rhc <ILirl \\riil,ol .~~lr l /oi  Lest3 whether [lie cu~lcnr  RRE >lluulrl ~ n c l u ~ l c  chc 

elld symbol. We fil-st insert tile start synlbol at the bcglnning of the RI<E to torrri :I new RRE.  11' i t  

11as cqual or bcttcr pcrlbrrnaricc cornpared to the prcv~ous RRE,then thc new RRE w ~ t h  thc start 

synibol replaces tlic prcvlous one Wc  deal with the end syinbol 111a simllal- nlnnncr. 111 acidltioll, 



11 the i n i ~ ~ a l  clemcnt ot an R R E  ;I pal-~-ot-\pcccll O L I I  cn\tlic\ [ l iL~[L ~ l g o ~ ~ ~ l l t l l  [tic l<RF, , I I \ , )  

co \ lc~s tllc wold before ~ h c  tag 

The t~rne  complexity ot t h ~ s  1ear111ng proce4c I \  I < l < I ; \O(1) since orlly rLvo c:~~l(l~~l.rli .  ;lrc 

tcstcd 

4.2.3 Example 
In this section we use the Age rtttr~buteto ~ l l ~ ~ s t r a t eour seml-supervised Izarn~ng algorlthln 

In cletail. Tables 4.2 and 4 3 conram tllc ~ n i t ~ a l  true a~lcl false sets respcct~vely. Thc characters 

~ C I M ~ C C I I" ( "  and " 1 "  arc part-of-speech tags. (A4ALE) 1s a special tag for words of nialc gcndcr. 

and {FEhJIALE)is the tag for words of fcrrlalc gendcr 

Thcl-care two distinct Agc partcrns in the true set. One 15 illustrated by the Icature valuc "In 

dr~1lnc.tK K K \ .  one bliscd o n  111 o1hc.1 \\or di .  In ~ . \ ' I I I I ~ ~ L \r o ~ c ~cach Agc pallcl'n [ I l l \  our In!! 

;tlgorithm comple~e\  two Ilcrnllon\ ol F I ~ L I ~ C  RIIF. d i \ ~ r ) \ , ~ ~ j .3 2 duiin: 

'I';~hle4-2: 'l'rue set L'or e ~ i \ n ~ p l v  

2 bo th{DT)  3O(CD)years(NNSJ of ( I N  1 a g c ( N N 1  w ~ i h ( l N )  ~ O I I I I O L L S ( N N S ]  

5 \he{FEMAL,E) u,as{VHD)111( I N  hcr(FEhIr\l.I:) I W ~ ~ I ~ I ~ { C ' D SJ ) 



l'al)le 4.3: False set for e s a ~ ~ ~ p l c  

In (lie 1 1 1 ~ 1Iteration ot Lhc d lgor~~hrn ,  Iht: roo1 " ( I N ) "  of Ilie f1t-51 KKE 1 5  d ~ ~ c o v o r c dw ~ t h  

FP=60= 0 OF;. N e x ~ .h e  "AND" I c a ~ n ~ n g  inprocejs cxlends lhls roor lo  Ihc I'lve KKE5 p o ~ ~ ~ d y z d  

Figure 4.4 i l l  sequellcc. 111 order to prunc rhc false positives covcrcd by the root, P I S sct to 0.5 i n  

1111s example (by delhult i t  is \el to two 111 our \ystem) A {  noled p1ev1ou4y. gtealcr emph;i{~s 1 )  

pldcctl on p rec~uon  clu~lng "AND" l e a ~ n ~ n ~  way E'ich 0 1  ~hc \ t \I I \ T  RRF\ h . 4 ~F,; , Iin l h ~ s  -

0 71 'fhus. In r h ~ ,  exarnple R,,,,d,the K K E  torrned r t l ~ e ~  Ic,trnrng I I I I ' I W  I ,~ h c'AN[) '  C O I I ~ ~ ~ C I C ' \ .  

lectrned afler f ~ v e  pas5e5 In the "AND" leal nlng procecj 



I " ,  I',!., 4, = 098 J1-1 1 ,  1 


10.91 10 91 I C 7 [ ) )  : ,!I! I \T.II\ ( ] { O X 1  

[ I N )  i l l 0  l]l h V /  1-1 

Figure 4-4:The first iteri~tionol l i l ib ;  .:li\co\w-y 

Aftcr Rdndis ~ I S C O V C ~ C ~ .ttlc "CAP" Icarrl~~lg~ ~ ~ o c c \ s  K,n,l lo f u ~take\ pl:iCc :IIICI 1;111ot\ tlic~ 

lmplo\/e prec~.\~on. rn'7'he process I S  dcpictcd for oir~cxamplc In rhc "GAP" Icainlng p~c)cc\.\ 

F ~ g u ~ e  plocess involves live slcps. for csach 01 ~ h c :f11.c gaps hctwecn the s i x4 4 .  'l'his onc 

elements In Ran,,. Each interrnedlate RRE produced dur~ng '"SAP" lealn~ng In ~111s exiimple hac 



In 1111\ case. ~ n c l u s ~ o n  ol e ~ t l i e ~[lie 111the [<RE decle,~\e\FB=oor [he end s y 1 ~ 1 1 ~ ) l  ,, \o 

thc KKI; L 1 i " t ~ ~  1ca1-n~ngIcmdlns unct~~ingect 711i~:, KKI., I \  dcp~ctcdd t  thcd ~ s c o \ f c ~ c d  "C;AP" 

borlom ol' 1;lgurc 4.4 and  covers scgrnentx 1 and 2 in thc true sct 'I'o preparc lo1 the second 

Iteration ol the a l g o ~ ~ t h r n ,  segment\ 1 ancl ?_ arc Llii~s I ~ I T I O L C ~  ' l ' l lc~clo~c.110111thc Iruc sel rhc 

second Itelarlon beglns w ~ t h  scgnlelit\ '3, 4,5 .  nncl 0 In [he I I  ilC \ C I ,  <\11d~cg111~~1 i t \1. j. I .I 5 .  ~ 1 i t 1  

6 In the false set. The steps to learn [he sccontl R R E  die portrayed I I I  F~gurc1 5  

Figure 4-5:The second i l r r a t i o ~ ~ot'RRE discovery 

As bcf'orc, the additlor1 of cithc~. the start or thc cnd syrribol dcc~cascs Fp-os.As a rcsult, rhc 

final RRE for thc second ~teration is the RRE depictetl at the bottom of Figure 4 5 .  Thc covering 

algorirhrn tcl.mir1ates after the second iteration bec;~usc there ale no  t r i~e seg~llelits left 111111e true 

sct - all have bccn covc~cd  by tl~etwo RREs discovclcd 



labeled For Inrtiuice, the R R E  " ~ n  (.)(O,O] { I N )  ( ) ( 0 . 2 6 )  {C'DS 1" prec~rcly ~~ia tc l ies  only the 

Age feature " ln( IN)  hls{h4ALE) twenties{CDS)" from the segnleril " ~ n { l N )  li1s(h4AI,E} 

twcr~t ics{CIlS)  sti~ncli~ig(VBG} s ix (CD}  fcct{NNS) rrall(J.1)". ,riltIiough this seglrlent contains 

burl) Age and IIcight i~lforrriat~on and was labelcd as such d u r ~ n g  t rain~ng sct dcvclop~ucnt. oul 

algorrrl~rrl d~scovcrs  an expressin11 that pscclsely mrrtclit:~ and extracts only Age fcatuscs. 

Although we  hdve not exemplified the discovery of an KRE far cxrracrlllg IIclght, the s~lrne 

.~nd time-conkuln~ng, anti t h ~ s  techn~qut: ~educc{  t r ' l r n l n  	 IniIJ.liLInkl\c[ clc\cloprllcnt 111111- \+~ t l i o t ~ ~  

~ x r f o ~ n i a n c eT h ~ s  a \ c rn~-supe~v~se l l  niclhotl1s a s  noted \ifhat makc5 t h ~ \  	 Icd~ n ~ n g  

4.3 	 Scoring Functions 
The scorlng t'unct~on 1s used lo e\laluc~retlie c j ~ ~ a l ~ t y  	 step.ol the rille learned 111each lear~l~l ig 

Tllis f\~riction is critical for the RRE Disco\/er): a lgori t l~n~ because tlie scoring funcriorl 

dctcrmincs scarcli hcusistics, which impact thc pcrfor~nancc of thc algosirhni. 

I n  this scction. \YC ir~troclucc sonlc wcll-k11ow11 c\laluatio~l nictrics, end tlic rncthods we 

used lo select scoring functions for differerlt applicnljo~~s. 

4.3.1 	Commonly Used Scoring Functions 
Tlicrc, arc sc\,cral scorlng f 'unct io~~r that arc co~nnionly u\ctl 111 11' 'l'hc clcr:~~l\ 0 1  I I I L ,  



4.3.1. I  Precision 
Plec~hlonIS calculatccl TP/(TI)+I-1') (;enel I C  cove1 lng dlg011th1ii4 S U C I I  '14 1)IZISM I J ~ 

j ,rec~s~onas the 5co11ng functlon Ach~evillg h ~ g h  pleclslon 1s C I  tical tor the Inner loop of the 

RUE Discovel-y rilgorith~i~ furtlizr in section 4.3.2.as well. We uiill ciiscuss this measurcn~e~it  

4.3.1-2. I<ecitll 
Kccall 15 calcula~edas TP/(I'P+FN) C ' O L C I I I I ~  1mp11c1tly li~gli rccall :1lgo11~111n~ ' I C ~ I I ~ \ J C  

alho lor 

Discovery algor-ilhm and will be discussed furtlier ill  section 4.3.2 as ~vell  

by ~ . o m b ~ n l n g  rulex learned in \equence Naturally, recall IS \ ~ g n ~ i ~ ~ . d n tthe R R E  

of' ovcrall pesforrna~~ce. and rec,;~ll uairlg One way lo do this is Fp. \vhich col.nbi~lcs ~~sec i s ion  

Equdt~on2 1 f ~ o m[2] The paldme[el 13 determ~nes the rcldt~\rc ~mpoltdncc or rccdll \ S  plcclslon 

U s ~ n gFri,i r  IS poss~ble to compare the performilnce of syhtttms W I L ~different preclslon and rec;lll. 

43.1.4 Accuracy 
Accuracy 1s oftcn usctl In  lnach~nc lcarnlng nlgurithms. It is dctlrlecl as thc propol-tlon of 

c o r r c ~ tjudgments o\'cl tlic cntllc datawt arid I S  conlpurcl a \  s l~own in Equat~oll 4 3 

4.3.1.S Fallout 
Fallout ~nea \u le \  the ploportlon of retul ned 11 ~elevant  scglnenr\ to all cxlsllng rrrclc\ ' ~ n t  

Fallout can be u\ed as scollng function. Fallout 1s calculated ilslng Equal~ori 4 3 



4.3.1.6 Overall 
Overall 1s a sco1111gfunctlon tleslgnetl to ot1111aterlic el'tc~rrrcc]u~rctllor the u4t.1 to c l l ~ l l ~ ~ c  

the selected result set to the target set. Acconlplislling this change recluires t\i)o operi~tions: 

deletion and insertion. 1r is an assumption that i t  takes the sarrle effort to delete an instance from 

thc sclccted sct as to ~nsc r tan Instance lrlto thc hclcctcd sct. As call bc dcduccd flom the Vcnn 

i l l ag~a~nIn F~gtlrc2 6, ~t will tnkc FP dclct~orisand  FN Inscrtlons to change tllc ~ l c ~ r c dset to thc 

1'11get\el I f  111e L I ~ C ~~nnnuallyIribclcd Instance\, ~t \+-oulJt'ike them Irl'l'+l.NI cl'lo~tto conatltlct 

tlic ground truth (as\urri~ng~t wa6 a bcst caw scenano and no rnirrakc\ wele rnride) 

'Tlierelo~e,the ploport~onot [he a~llusrmentel lo^ t requ~red(aller npplylng lhe . \ Igo~~ t h m )to 

the eff'o1.1 recluired by a full rnaliual appr0ac.h I S  reprewllrcd l>y 7'1'+ l"N I 1  \A c 4uh11'ICI t h l \  

~ ) ~ o p o r t ~ ~ ~ ~from I ,  I (  gl\'e\ d n  e \ t~~i i i l le0 1  [lie elloll reclu~lcdto charlgc rlic s c l c ~ ~ c ~ lI C J L I I I  ,c[ lo 

the tar get ser In 131, ovcrall 15def~ncda:, rcp~c{c~l[ctiIn Ecluatlo~~3 5 

Equation 4-5: Overall 

If prcclsloll IS less t11;ln O 5 .  t l ~ cvrzluc of ovc~al lwil l  be ncgatlvc Thc h~ghcstvaluc for 

ovcl-all (1.0) occurs when bat11 ~ I I ~ C I S I O I ~'ind I-ccc~llcqual I 0,as well 111dl1 orllc~caacs, overall I S  

le\\ [llan both preclalvn dlid r ~ c ~ ~ l l .  

111{urn, Equdtlon 3 5 \<ct~sl'lc\~ h crollow~ngpropertlcs 
Plcc~slon=O5 11np11c~o\lcl~II= 0 
Prccls~on<O5 ~mpliesovcr,ill < 0 
Prec~\~o~i=rec.aIl=l0 ~rn j>l~e \over;ill ~c,~c.lic(11sh~;lhc\r\ ,I~LIL,. 1 0 



Ovcrall is smaller than borh precision ancl recall il'pl.ccisionl-0 and recallC1 .0 

4.3.1.7 Inf'onnation-Gain 
Infor~n;it~on-Gain1s ;i~iotlierscoring function that calculates the amount of ~ntormnllon 

gailletl 111 ..t given itcratioll of a cove1 111galg~r i t l i~ i iTt "I c p ~zsclith thc total ~nfor11iatio11g;ilneti 

them" 1.11.Ir~torrr~ailon_C;a~n15 calcul,~tcclu \ lng  1kli1,111on4 0 

T?+, - log T yIG,+, = T?,, (1% 
TP + F P  

)
TS+I+ Fe+,  

w h e ~ e120and by def'lnlllon. 
TP, 

= 1
Ti'()+ Fl;, 

4.3.2 Search Biases 
'T'lie 1 ~ 1 q ) o s e01  the \ ~ n i - \ ~ ~ p c r v l j c dR U E  Discovcly a l g o ~ ~ l h n ~15 lo d ~ \ c o \ / c ~R K h  lhdr 

hu\/e both high p~.ecisionand high recall. A s  a gl.eecly co\!er-ing algoriiliin wit11 a ~c.)p-clown 

(ge~leral-to-jpeclf'lc)search \t1-~ltepy.tlic a l~orl thln~ d e ~ l l yobtL11114 111~11I ) I C L , I \ I O I ~  I 0 1  I L I I C \  

learned and Improves I ecall when 11cornb1ne4 rhe learned r - ~ ~ l c $togc~licr 

First, e;icli ~ n d ~ v ~ d u a lRRE discuvered must have high preclslon bccause the o\!t'~dll 

precision of a n  expression thar co~jlbinesRREs  1s always grcatcr ~ h a nnl eclu:~l to the lowcsr 

prcclslon of 11s constituent RREs. In otlicr wolds, tllc ovcl,~llplcclslon L V I I I  bc h ~ g h~f all ihc 

conslirucnt KREs Iiavc hig11 ~)rccision.Thus, by biasing thc RIIE discovery n l g n ~ i t h l ~ ~to 017tai11 

high precision for each RRE disco\/ered, the algorithni cnsurcs that the uvel.all prcciaio~lis high. 

I t  is rilso necessary to improve recall as the RUE Discovery algorithm processes tic di~la .  

S ~ n c eour \emi-\~~per\,l\ecllearning a lgo~~rh rnI S  a co\>erlngdgorirhrn, the RRII\ d~\cove~-cclw ~ l l  



be used in sequerice to exisact features from previously unseeli data. If any single co~lstiruent 

R R E  marches a I'ealure value. overall recall is improved u~ilbour siicrificing precisioli. This is due 

to thc hict that, for a g i \ , e ~ ~fea1ur.e. every RJiE covers at least 6 true positives, wlierc rS>O. As s 

r.csult. w h c ~  111c RREs arc usecl i n  scqucncc, tr.uc pnsitivcs increase and falsc ricgiitivcs clccrease, 

c o ~ n c ~ d ~ u gw ~ t h  tlic goal to Impro\ t: recall. 

I n  general, [he precision 2nd recall biahcs i l l  our algorrrll~ii cnablc ttlc ;~Igorirl.lrn r t ,  disco\:i'r. 

expsessions n:irli both Iiigh precisioli a n d  higli recall ;IS m~~;~suscdby ~ l l c  scol.il~g I I I C L I - I CC I ~ I ~ I ( ~ L ' ~ . 

T;~orr~a rheorel~cal pel.\pecrlbe. 11 I \  	 f u n c r ~ o ~ ~ \pos\rhle lo probe lor ccrlaln jcolln; [II,I[ p ~ c c i j ~ o ~ l  

can be demonstrared heo ore tic ally. It is thus useful to compare and colllrast dit'l'ercnt met~,ics 

froln a tl~eoretical perspective. In what follon!s, we perf'orm ;I theoretical ;in;ilysis, and  identify 

scol l~igmetncs t l~at  guarantee a nlo~loto~iiclncreasc in preclsiori dul-11ig learning 

4.3.2.1 The Property of'the Greedy Search Algorithm 
l'he 	 R R E  drscovery algonrhm 1s clearly ~ r c r ~ l ya .scare h ul~otrrlznr At [he stal-1 ol the 

learning process, the initial score is ini~ialized lo the minimum possible. For root disco\lery to 

occur, the algorithm must obtain u positive value ii)r the scoring merric. Then. in each step ot' 

' ',\ND" lenrn~rlg, rhc scole o I  the cxicnticd ERE must be gicatcr tIiLln or cclu,~l IO rhc \coic 01 thc 

~ ) r e \ / i o ~ ~ s  This is clc~~io~istratcd 4 .7  ( ~ h c  ~rictl.~c. a.5 I:)Rlil'. 	 I>y I'rluation scn~.ing is ahI>sevi;it~~cl 

ICquntion 1-7: Extellding the KKK score 

4.3.2.2 	 'I'heol-etical Analysis of Recall 

Rcgardlcss of the scorlny Sunctio~l choser~, the rcccill ~ n o n o t o n ~ c ~ ~ l l y  c i ~ l r ~ ~ l gdcc~cascs 
Ic,lrn~ng rr.li~s 1.4 stated 1117'1ic01-crrl4 i 



*:- S I I ~ ~ I ~ S ~  I< 111cIZItk ~ I ~ I C I  	 /?i</<,Tlt11c l<ltl! i1f1c1 rllc (i+1)"' CL~GIISIOII :it111burctllc ~"'<XI~IISIOII, ~ I I I ~  IS f o r  ;I ?1\~c11 

111 ll ic "AX\'D"IC~II~~IISp~occss. w11c1.e 120. 

.:-WI: f ~ l c t  sho\v t h n ~  ill1 scglncllls csovc~cti hy KRL,,,Inus1 a l ~ o  tlc co \ . c~cd  Ihy KKL; . 

in 111c. .ANI>" process. = RKF (11- RXq+\=RRE;El,I w11el-c I:', rlic cIr.1rie111 (;I I ~ ~ I I I I I ~ ~  RR&+! EktI I S  

I >1111plcRRE! discn\crcd 111 rllc ( i+l) l l '  cx rc l i s io~~ .T t i c ~ e l t r ~ c ,a n y  srr-irlg acccprcd hy I<KL,TIw ~ l l  crrhcr rahc ~ l i c  1 

sul)slr~ngs acccprcd hy K K E ,  . Since rlic discovery of rhc \tiirr and cnd of d n  KRE i s  a spcci;il form 01 rhc "AND" lcs111in; 

4.3.3.3 	 Theoretical Analysis of I'recision 
A\  noled 111 the ~ n t ~ o d u c r ~ o n  thc vatiou5 scoriiig rnei11~5 s~gnlllc;ln~Iylo L\II\ sect~on,  ~ I ~ I V C  

t l~fteiel~tthevret~c:il pruperllc\ will1 respect Lo p i c c ~ s ~ o nIn whit lullow5 ~ v c  prove jc\/cl.,il 
theoreins i11:it treat the various scorlng r n c t i  icr o\,er \~lewetf abo\*e In each c'15c w e  letel to the 
sconllg f u n c t ~ o ~ ~  as F in both the rheo~ems and  t hc~rproots 

'I'hcorc~n4-2: ff'rlrc s c o r i r t g , f r ~ r l c ~ i o n  	 ct/'ctn RKE c ~ ~ o r ~ c ~ ~ o r ~ i c a l ( ~I: is rcctrll, r l i c  p r . r c i . c i o ~ ~  irrr:rc,rrc.rs d u r i r ~ g  

i ~ c r m i r ~ g .  

Proc!f: 



n ~ ~ q , i e t l  \bold\,  TI: + /;/: 2 TP,, + FS ,, hclctole. wc I I A \  c 
7.1: 

I 7.1: +I 
tq RRE, 1n o111e1 I . r ' f : + f - . $  7 ~ f ~ ~ , + 1 ~ ~ 1 ~ , l  

Thcorc~n4-3: I /  ti le .\corirl~.funcfior1 I;is Fp the prc,cisiort ofuri RRE rrlr~rtotor~ic.ul!yincr.eu.rrs dur i~zgl i ~ u r r ~ i n g .  



St~pposcI: ;in() P+l.rrc [IIC p~.c~cl\loll\of RRE, ~ I IORRE,+I 111 ~ h c  I": f;llrI (I+I)"' c.itrnslc~nh ri,\l,zcll\.r:iy o i  1111~'.ANI.I" 

lealnlng p':ocezs TP . l n r ~ T P + ~  OI RRE, a l l c i  RI<E,+Irn lhe I:" :Inti 114-I)"' cxlcni loni ~.e l )ec l lv r ly  we he irtlr l~oai~~vr . ;  0 1  III~ 

' A N D " IC~IIII I I~~II~OCCSZ 

1) 
1 1 1- 1 

M'c wish to provc Pi< 4. ,+ 

Asl;ull~lr~gfJ . > 1'; + w e  Iia\.c llie l o l l r ~ w l l l ~ :  

+ ( p 2 + 1 , 1 ~ 1 / < 1  ] i f , ;  - I ; ,  ] ,  > p ~ / : l / ~ ; . + .  , )[(I?,  - I$  

I:ICII~ 5-4 (on p;cgc +++), wc h61\ctiquarlonh 5-3 (011 p;lgc +++) ; i ~ ~ d  

.:. P . > O + l ' P . > O + l i . > O + F . > O  
I I 1 I 

.:. = o  + r. = o
r + l  

.:. + F.>I.-. 
r l + l  

.f 1>11c lo cqunllon I I ,  this ~SSUII~~III~III can nor c x ~ s l  

4) ~ u p p o k cP. = 0 anct P. = O 
1 1 + 1  

!'. Sul'l~oic > 0 and 1'. > 0 



'I'heore1114-4: Ij'tlie sco~.irig f i ~ n c / i o r ~  t l ~ eF is p ~ . ~ c i s i o n ,  p~.c'cisiorl of  an RRB tnor~ototlically irrcrenses during 
lerirni~zg. 

Proojl 

~ u p p o s ~  :rre 11lc pl-ccls~onr, 01, HRE,and KKE,,, In lIle llh t i+  I)'I'cxirnslolls ~.espectivt.Iyot'I: ;tntI 


~ h c"ANL)'' l e a ~ l ~ i n g~ > r o c ~ i s!; and ~ l ~ c  of RI<.!?, c ~ ~ l d 
.ire bcorcs h'KE,tI in rhc iLt' ;rnd 11+1)'" 

c x ~ e n s i o i ~ s  01'~ r \ p c c r ~ v c l y  l l lc "ANL)" l ra rn~ngpiocck$. 

.:a 
 F, = 1'1 . ; m i  E') + I - 1'1 + I 

f. ~%UJIIE~u:+II~>II< (011 p2se i t + )L,.C 11awF 5 F1 1 
1 I + I  

S. Tllu, P 5 1; +,
1 



I 

s c o r r b  oi h'l\'& ; w d  Kh'E,, , In ~ h c  ICS~CCIIVPI!.p ~ o c c s s  F, and F,, a r c  IIIC I"' a n d  ( I+]  CKW~SIOI IS 01 the ".4NI)" ~C,I~IIIII~ 

I J ~ O C C ~ S  Ti', . I.'q :I,I~F N ,  ;IIC IIIC IIUC p o s i ~ 1 v r 5 .  fillkc PO\IIIVC\. i l ~ ~ d  .t r ~ i s c  1 1 c ~ a l i i , c s  (11 KKE, . r c \ p c c r ~ v c l ~ :7'?+, 

1;11)111Equ,iliu~~l( +++) :III~ +++j. \VC  l l i ~ ~ r5 - 7  (on p a ~ c  5-4  /o11 ~ J C I ~ ~ C  



If '  t'allout, accuracy, or I <  used as [he <coring t'unclrorl of the RliEI~l t 'or rnal~on-Gi~~~~ 

Discovery algorirhrn, the precision cloes 11ul ~nonuronically increase during learning. This 

w~lh Tdblc 3.3 I.cpscscrltlng thc Ir;unlng h c t  

l'al)lc 4-4: 'l'llc t r a i ~ ~ i ~ ~ gset for RItE Discover) 

False Instances 5//CD fcet//NNS t:iIl//J.I -I 
(Height) 

Suppose the root discovered is "//CDn. Fro111Table 4 5 .  we have the number of 'i'P = 3 ,  I'P 

= 5, TN = I ,  and FN = I ,  ~ lh i l e  precision 1s 1'1=3/(3+5)=0.375 



'l'ilblr 4-5: 'l'he 1r:iining sct p:rrtition :rTter "ltool l)iscove~.p" 

In//IN his//PRP 2Os//C'D 

True Positive Instances 20//CD years//NNS ultl//lJ 

- --- -- --- 

2S//CI) yerirs//NNS of//I>T age//NN 

Falsc Ncgatlvc Instance In//IN llis//PRP r\vclltles//NNS 

.- --- --...- - -.. -.-- .-. - - -- - - - - 
True Ncgat~vc Instance Packcr//NNP .4vcnuc//NNP 

In//IlV thc//l)'l' 20111//CI> C ~ I I I L I Iy I 
I 

False Positive lnstances 

--.- --- --.---- -. . - - - - - - - - - --
2//CD days//NNS 

---- .-. -.-.-- .- -- - - -. . - --- -- ...- - -.- - - -- -- -

In//lN S//CD hours//NNS 

-

Alter the (1r\1 ~teralion of' the "AND 1,earnlng Process", Ihe RliE becomes "in. 

{0.100]//CD". Table 4.6 clepicts that TP = I ,  FP = 2,T N  = 4,i111d FN = 3, \vhilc precision is 

P2=1/(1+2)=033. It IS  obv~ous that the precisiorl has decreased, as 0 375=PI> P?=O 33 



'I'i~ble4-0: ' l ' l ie  (riiining sct piirliiion iif'icr t l ~ cfir,[ i t c r ;~ t io~ lol'"4UI) I,r.:rr~litlg I'i.occs5" 
------ -- --- -- -- - -- - - - -1 

Trne Pos~tive Inrtances Jn//l N IJI\//I'RP ?O\//('D 
I 

11dlIK l ~ ~ ~ l / P R l '  [ \ i , c ~ i i ~  

False Negative Instance 

Bared on L I ~ I \  example,  lllc \ l~ luc s  01 tsllout. ,(ccur;lcJ and Inlo~rn.ii~on (;'i111 . L I C '  

Fallout: 

Thc "Fallout" a i t c ~  loor di.\cu\~cry1s F I = ~ - 5 / ( 5 +  1)=0 167, 

The "Fallout" nftcr tlic f~ r s t  "AND Lcarnlng P~occss"  15 1-,=I-2/(2t4)=0607 
44 -

We have ITl< Fzc\ hlle P I  > P: 

Accuracy: 

The accuracy after roo1 d ~ \ c o \ l e ~ y  15 A 1=(3+I ) l(i+S+ 1 + I  )=O.4, 

The dccuracy after the iir 41  "AND Leal nlng Place\\" I S  A,=(] +4)/(I +2+4+3)=0.5 

We have A , <  A ?  w h ~ l ePI> P? 

Inf'ornlation in: 

S ~ p p o ~  ~ > ~ e c ~ \ ~ o r l  rhcn , I I ~ ~ I \ \ c  I I , I \ L >t l i ~I ~ I I I , ~ ~  111 Info1m.1rloli C ; , I I I ~I \  I .  1 t ) o r  t l ~ \ c o ~ t . r !  



-- - 

----------- -- 

TP, 31,  = '/'PI(log - log I )  = 310s - -4.235 1 135 
TP, t FP, 8 

Then. ~ h c  Iniormat~on-Ciain al'rei the flrit ' 'AN11 1-earnl~lg Proc.c\s" 1s 

Wc have I ,<  1? while P I  > P2 

111this wcrion, we have dernonstl-ared theorc~~cnlly lour mctrlc\ (I.p, Iiccall,t11'1t I'rccrs~o~i. 

and Overall) :uc cuitablc scni-~ng functloii\ for our grccdy top-down co\,cllng a lpont l~~i l  (KKE 

l > ~ s c o \ ~ z ~y). 'I'lie\c foul rnclllcc gunranlee Lhal the pleclslon of ail RUE ~nonolon~znllyIncl-cawj 

during the Icarning process. In othcr ivords, tlie overall precision will be relatively high. Mct r~cs  

such as accirracy. i'allou~ and Info~.rna[ion-Gain are not suirable for use wirh our greedy 

algorithm since they cannot guarantee high precision i n  learning an IZRE rule. 

4.4 Time Complexity Analysis 
1r1 t l i i h  vxttori, \vc ~ I I S C I I $ \  the [rr i lcx con~p lcx~[y  ~ h cl < I < l - ,  ,~l,eor~tli~ii( l t*1 .1110 1  ~ l r ~ o \ ~ - r y  1 1 )  

coniplex~tyof genclatlng rcduccd ~cgtrlar e\pre$slon\ Thc sccor~dI S  1 1 1 ~, I I ~ , I ~ ) ~ I \O (  ~ l i cIrrlil: 

coniplcxlty of malclling thc rcducccl regular expressions to tlic input tcut. Actually, in the 

inlplcmcntatlon wc rcprcscnt KREs using a RE match~ng I~brary. 'I'licicforc, MIC first ~ I S C ~ I S SIIO\Y 

to match a regular cxprcsslon to the input rexl 

4.4.1 The Time Complexity of Regular Expression Matching 
'I'llc tirric conlplcxity for regular. cxprcsslori rrlatcliing is 0 (IxllA), \+*ticre 1x1 I S  the Icngrll of' 

a regular expression, and lzl is the length of the input text rneasured in symbols of tlie alphabet. 

>1 he length of d regular expre\hion ' x '  1 5  defined as 1x1 = S\-+ S, + SI+ S Y  + S,, [ S J  



S : Ihc nuinhcl of occurrence$ of wlphithet \y1nh01$ I I I  thc' rcyul:u- txlxc$slon ' x 'Ll 
S t :  rhc rlunlbcl of occur~encesot c, In thc I-cgularcxpresslon ' x '  
SI the numbel of occurrences of nlterat~onoperittlons In lie regular exprexslon ' x '  

= S-5 :the numbcr  of occur^ 'nccs of Klecne Clo\urc oper,irlons In the rcgular 
exp~ess ion' x '  
S(,.thellillrlber of occurrences of par entheses ~nthe rcgulal. expsesslon ' x '  

Thc tirrlc complexity of' 1.cg~11al.C X ~ ~ L ' S S ~ O I )~ n i ~ t ~ l l i ~ l gillcludcs tu.0 C O I ~ . ~ ~ : ) O I ~ L : I ~ ~ S .Onc i h  I O  

~~rocedure.a 'Closu~e'procedure, ~ n da ' ~ ' r a r l \ ~ l ~ o ~ i ~ 'procedure I'hc I I I ~ I CL ~ O I ~ ~ ~ C \ I I I C \0 1  llicl#c 

four past\ are detdiled In the f'ollow~ngyectlons 

4 . 4 1 1  Convel-t a I1E to t:-NFA (l'ho~npson'sappl*oach) 
T h ~ sscctlon I S  bawd on rhc then~.ctlcalwork prcsentcd i n  [ S ]  and I(,]. 

'I'hcrc is cxaclly onc inilia1 stale cloand ,one final alate (tlouhlc circled) in M,wliich is thc 

'i'homp\on's E-N1.A of a reg~lld~cup~cs\~orl' x '  G~venthc ~cgularcxpresslon 'x'="dlc". ~ v h c ~ c  

'a '  is rt symbol and ' r : '  is the empty string, \here are ex~ictlytwo alate5 in each ol' two NFAs. 

Stale(M.,)= 7. Edge(M,,)= 1 ,  State(M,) = 2 and Edge(Iv1,) = 1 ,  \\,here M,, 1s :he Tho~npson'sr:-

NFA of the reguld~.exple,sloll "a", dnd  M, IS  lllc Thomp,or~'\ c-NFA lo^ ,in cmpt). \1r111g 

(S ta~e(M)IS :I funclio~lthat counts rhc. nunlhcr nl 51,tlcs111 h.1 I!(lgc~hl) I \  (I I I I I ~ ~ I I O I ~I I I ~ I I  L O L I I ~ [ \  

~ h cnumbc~ot cdyca 111 M ) 

Figure 4-6: t -NFA rlillrs 



11'a regular expression i s  "r==jlkl ' ,  where r ,  , j ,  ai~dk i11.c: ; i l l  I - C ~ U I ; I I - c ~ p r c ~ \ ~ o ~ ~ ~ .S I ~ I I C ( ~ , ~ , )I l ~ ~ i l  

= StaLe(M,) + Stale(Mk)+ 2 anti Edge(M,) = tdge(X.1,)+ Edge(M~)+ 4 .  'l'hal means tha~ cx;lc~I!; 

two new states are ciclded into tlle NFA fol.eac11 alteratlon opelation. 

Figure 4-7: c-NFA alter;~t~onopei~;ltioli 

I f  a ~cgular cxpresslon I $  "r=jL". hen S L ~ L ~ ~ ( M , )  t Srii~c(L4~) L ~ ~ l ~ i  == S~atcl(M,) - I  I :drcthl,) 

Edge(h4,) + 13dge(Mk) That rnccln\ tlielc 1 9  chactl\/ oiic \ I ~ I I , *  clc.1crc.d Iroi11 rllc , \ l : l  c , ~ c l ~  

conjunction operation 

Figure 4-8: E-NF.4con,junction opcr a t '1011 

1 F  a regul'lr expl-efwon 1 5  "I-=.I ?", then State(k1,) = Stare(M,)+ 2 and Ed:e(M,) = Edge(h4,) 

+ 4. Thar mean, there are exactly IM/O stitles atitled to Lhc NF/\ for  each Kleene Closure operation. 



'I'llcol-eln4-6: "l,et ' x '  he a regula~. csprescion. 'l'lle1.t exists ;I E-XI.'!~~ ~ e c o g ~ i i z i ~ ~ gI;lng(x) s;ltisf'ying tile 
I ' o l l t ~ ~ i n gcontlition I'ro~ll 161: 

1 . 	 The nurnher o f  sliiles is I?oulided by 21x1 
3. The nt11iibt.1 of' c d g c  labc,.lccl hy sy~ii l~ola1 5  bo~~nclcil11,
 1x1. i111tl ~ h cnul-1113c.1-t r l  ~'elgc~c 

labelecl by E i~ kounded hy 41x1 
3 .  	For each slate the nu~nbctr of ingoing 01.ou~po inpedgcs is ;\I  Illoar [ \yo .  ;\lid I S  cxitc~l!. [ \ \ ! I )  

only wlie11 the edges are labelctl 11y r:." 

O\~el-all, the time co~nplexity to bullti the c-NFA from a ~cgu la rexpression ' A '  I S  O(lxl). The 

proof ot Theoreni 4 6 is fou11din  I hl .  

4.4.1.2 'fhe Algorithm fhr Computing Whether il Regular  Expression 'u' Matches a Sub-
string of'the Inpi~tText 'z '  

An o b s e r v a ~ ~ o ~ ~  ol lrgul,~r exprej\lon riiatch~ng 1 9  that "lsledrch~ng '4 stling 'z '  lor {trlngs In 

I:lngcl;~grX I,\ ecli~~valentto searchlrlg ('or p l c t~xe \  of '1,' that belons to the laliguage z y X ,where 

\;'* 	 is tlic pnwcr sct of For cxillnplc, sul)pose 'z' is ' u x v ' .  1 1 ,  V E  C. 1-E X ; to match 'x' to a 

suli-swing of ' z '  is ecluivalclit to ma[ching 'ux'  to a prefix ol' ' z ' "  [ h ]  

I Rurld a n  I,-NiT,4Irom [lit rcgul,ir c\pic'\41011 \ ' .  M hcrc 111~.r N t  11 , I$  I (J  I ,  { I )I \  t l t s l ~ n ~ c l  

k),\~,licrcQ 1s Ilic set of ?talc>,I I >  jl,lrc. t I <  tllc l11id1S I ~ ~ I C .tllc 1n1[1,11 I) 15 thc set 0 1  cclge5 
2 c f C:losulc( I:, ( 1 ) ) 
3 ~f t 1s In C, then 'x' rr~ntchcs a p~e f ix  of ' I '  

4 fo~ 1'10111 tllc f ~ n t  of 'z'encli \ymbol ''I' to the Ids[ s y ~ ~ i b o l  

5 C f C'lo,surc ( b, ' l '~an\ltlon\( L. C, a ) + { I )  ) 


6 ~ft IS In C, then A ~n,ltcIie\a prefix of ' L '  


'l'lie tlme comple\lty ol [he [ejl  14 O(Clo~tire)+ I / I  :' ( O('l 'rnn~~t~on)+O(Closi~l-e)). 'l'he lwo 

I'unctions Transition and Closure are presented below: 

T I  ansr tlon (E .  S ,  a)  
I R e 0  
2 fn~eachp  I n s  
3 . fix t:acll cl stlcli th,it ( p. ,I. (1 ) I.; 111 E 
3 r< t r i+{(1)  
5 	 Ictuin I< 



Here S I S  (lie set o l  stares that are leached by ~ h e  prevlous Tlanhitlonh and Closure\, ' ;I '  I \  

the culrcnt s)lmbol, 'ind E 15 the translrlon l u n c t ~ o ~ l  or the etlges 111 rlie ::-NF,Z Thc tlnle 

complex~tyot rhe Trnnsltlon fu~ ic t~on  I \  based on how rnally \tcllc\ 'cl' l i i l \ r :  bei~li ntltlcd Inlo thc 

cdgcs Iabclctl "1' from any uatc '13' ( I~orn  46).r ~ l i c o ~ c n i  

Clo\urc (E, S) 
1 K t S  
2 QfEr~~pryQueue 
3 lor each sldte p In S 
4 Enqueue ( 0,p ) 
5 uhile  not QueileEmpry ( () ) 
6 17 t Dequeue ( Q ) 
7 ior each state q such that ( p, c, q )  1s In E 
I: l t  (1 15 not  111 R 
9 R C R + ( c j )  
10 Enqueue ( Q. q ) 

1 1  lcturn K 

'Tl~cIILKPOSC of [tic Closurc Function I S  to idcnt~t~c <rates r h , ~ ~  ~ c ' , I L ~ I I c ( If1011ithe; L I I  C L I I ~  IY 

cul-l.c~itsct o f  S I ~ I ~ C S  'I'lie tinlc con ip l cx~~y  by c-l~-a~lsitrons. ol' Closurc i x  also C)I I \ I !  

111g e ~ ~ c ~ - a l ,  rnatci~a ~cgulirr cslxch\ron ' A '  L I I I I I ~oIthc overall t~rrle co~nplexily 10 I O  ;I .lul) 

4.4.2 Root Discovery 
In t h ~ \~ c t ~ o n .  to onc characYcr we as\umc lh;it one hach l'uncr~on evnluat~on 1s cc lu~~~a lcn t  

conlp;u ~ \ v n  when co11ilJilllng ~III-ICcolnplexlly. 

'I'hcrc are two s ~ c p s  to S~nd a "roo(" for n rcduccd lxgular cxpression ( R R E ) .  1;irst of all, the 

algor~thnl neetls co identifj all unique \vords and pa~.t-of-sl>eech.tags in the true seI of rile training 

data. The rime complexity of' this step is clefilled as C1~~l,l,l,,,l~~,,l,~-~~,,I~ We Llse a 11;1sh table t o  store 



of-speecl1 Lass I'l.om the 11.11c ser is '1;'. In  11lt. bcsr cnsc. ~ l i c  ha\ll I111ii.lio11 L I I ~ I L ~ L I C; I S ~ I ; : I ~ ;L\,ICI~ 

w o ~ ( ior pa~.\-ol'-speech lag 21 clif'l'erelil hash c.odc. 'l'herelhse, llic rimc C O I I ~ I > ~ C X I I : ,is C ) ( l i ) .  \ ~ h ~ i l i  

is o n e  calcul;ition of the has11 fu~lction for eacli wold 01. liar[-of'-specch !;I$ i n  llic rluc st:[. 111 rhc 

worst casc. thc basis of tllc time complexity is the calcul;~tions of rhc Iiash f'unctiun and the 

cliaractcr cosr)pnrisons (\vhcli rlicsc is a collision in 11ie I1asli ri\hlc). IS tllc hasli table ~ ~ s c s  ( . / 1 ( 1 1 1 1 1 ' ( 1  

' 	 ha.slii17g. we have a single linked list in the worst case, in which all words or par[-of-spcccli tags 

havt: rhc same hash code. asid arc linked togerller in o ~ i e  list. Thcl.ck)rc. thc1.e iu-e k-1 collisions. 

Table 4.7 tlepicts tlie worst case scenario. 

T;~t,le4-7: Worst case scenario to identiry uniclutb words or p:irl-ol-speech lags: 
.-.. 	 --.... 

IJniclue worcls or part-of-

speech rags I'unction calcul~~lions .......... 1 


I i 

...... - i 

I i I 	 I 
.... ...-. .. ....................... 	 ~, 


.................. . . . . . .  

... ..- -

Suppose yl,,,,,,, I S  the longest word 01 pat-of-speech rag 111 tlie 11 ue sci In thc ~s orst caw,  


every wold 01-pal t-of-spccch tdg has 1c11grI1 y l t r r l~c~ l  thc conlpclrlSi>Ii of any two of
'I'~IcI.c~c)Ic. 


rlicnl will ~ a l wat lnost lyl,,,,,,l' t~rne" 


'l'hc me complcx~ty rag\ ~ n t o  
to put ' k '  wold9 01pL~~r-of-\pcccIi a hash ~'iblc 14  

..... .. 

P.1 t ~ cI I I T I C  c o r ~ l ~ ~ l c x i ~ y  two \ I I I I I ; \  : I I I ~$112) I\ 0(lS11-11) L;I<C. \ L , I I L * I - C  ISIr I Iof I I I ; I ~ C ~ I I I I ~  ( S ~ r l  1 1 1  Ilic I)L.>I .:: lS1r2l ' l ' l l ~ ,  

worsr case time complcxi~!, is O(ISI~IIISLI-21).'l'his con~cstrom ~hc:131-LIICI:orc-c 1llgor1tl111113 1 .  

1 



The second step is to test every 11nique word or  p;~rf-of'-speech tag 111 lie true set against the 

eritire training dataset, ~r~cl~lcl ing true sets. Tllis step ili\,ol\/es simplc slririg both ant1 l'alse 

riiatchirig. For :I wol.d or ~larr-of'-spc..cch tag ' y ' .  irririy 111;1tchlrif [ililc ~:orlll?lc*~il\. 011!.11rlit: I .. 

segmellrs in the training set including hot11 the true and tlie f ~ l s e  sets. In the best c a s c ' e v ~ r ) ~  word 

or part-of-speech tag ~n the true set matches the 11rst word or the f~ r s t  part-of-spcecli lag of every 

segnlelit ln both the [ I L K  set and the f'r~lsc set. Assurning 'k'  uriique words or part-of-speech tags, 

the best case loot ~natchlllg tlme colnplcxlly 15 O(nkl 1,,,,,,,,?,,I ) ,  where y,~,,,,,,,, I S  the sliortest worrl 

o~ part-01'-spcccl~ tag In tlie tulle sct 2nd n I \  In ~ h c  sr lthe t r ) t n l  r~unrberof s c g m e r ~ r ~  11~11ning 

lncliltfi~lg both the true her and tlie false set 

In the w01.4t c aw ,  the algorltli~n needs to mcitcli each word or- pal t-of-jpecch tclg agarnjt 

crich entire segment i n  both the tlue anti the false se[$ Tlicrcl'o~c. the trmc cornplcxrr!, I \  

Y,~,,,,~,.,~ [hc  Ionge\t \vord/tLig 15 the shorlest ~vo ld  or part-of'-sl~eech [dg rn the Llue sel. '~nd y~,,,,,,, I \  

In the true \et. then O(nhly,l,,,l,,,l) 5 C ~ r , l n F ~ n l c t , l n g  The tinal trme complex1 t) ,(C O ( l y ~ ~ ~ , e c ~ r l k l ~ l ) .  o f  

Root Discovery for a m g l e  root i s  thus O(k+nhly,l,,,,,,,, I) 5 C',,,,,,O,,,.,11 5 0(k21yl,,,,,,, l l ' + l y I . , l ~ k ~ ~ ~ ~ ) .  

4.4.3 "AND" Learning Process 
There :ire two steps to mea\ure the "AND Learnrng Process" trmt: complex~ry W e  I'lrst 

ri ie~~surethe time cornplexlr)/ to cxtend all RRE. The second step I S  to ~nea\ure the tllne 

cornple,\ity of the scoring function. In our algorithm, the scoring f'uncriorl is Fp iscc scclioti 2.5). 

As a result, the tillie coruplcxirg is p~.opor-tioli;il to  [lie rcducecl 1.cgtrlar cxprcssioli rli;-itchill: t~rrlc 



complexity on the entire 1ra1111ng set. T h ~ s  1s due to the fact [hat FfIcomputes both pleclslon and 

1.ecal1 based on the result of matching 

Equation 4-9:AND I,car.~iingl'roccss tilr~e co~i~l~lewity 

The tinle conlpleu~ty oj  the first step 1s deprctcd In Equdt~nn 4 9,wt ic~c  IS,II I <  ~ h cI I I I ~ T I ~ ~ I  

0 1  tlnlcluc c a ~ l t l ~ d ~ i ~ c  t - o f - ~ ~ c w l ~  I C . L I I I C ' I I I  l<Kt:.worci\ and I I ~ I I  t,lps vccut 111ghc*/o/ o tlic: ,111cl IS,>II \  

thc ~ lu~ i lbc r  of unique cc~nd~da t c  word\ '~nd pal-t-of-spcccll tdg\ ~ C C L I I - I I I I ~  t l ~ ct r / ~ r s ~  c.ur ~ c - t i tI < [ < ] :  

I n  the best Lase, the root c~1111iot bc cxtendcd at dll .  ' I ' l~c~.cfo~e. Leal-n1n3 1'1oc.cx.s" I)c$\rthc "/ZNL) 

t ~ ~ n c  Agccolnplexity is 0. Figul-e 4.10 depicts a n  ex:~mplcof thc "AND Learning Procehs" I'or t t ~ c  

, \ lu~bute,where six elements are In the RRE. All togelher ~ l i e ~ e  10 posl t~on\  to be t e w d  Inare 

I:igu~-c4.10, \vi[li many possible wor-(1s o r  part-of-speech tags potentially in each position. Given 

(ha1 N is a n  Input pa1;lineter ol' the algot~tlim. we can see that In the worst caw,  2'(N- I) pos~t lons 

Figure 4-10: "AND" leal nilig rxa~rlpleto1 thr dgo atti rt)l~te 



To n~edsure  the lime colnplexity of rn,tlchln~ the evtellcled R R E  ro the entire tralnlng ser to 

ccinlpure Fp, wc must f~ r s t  obtriin the length of thc cullell1 R R E  As tic\cl~bctf In sccrlon 4 I j .  the 

Icnzth of a 1e2ul;ir cxpres.;lon 'x' 15  1x1 = S\ After thu I"'c\lrnslorl 1tcr:r11011 -+ S. + SI+ S Q  SS,, nl 

the curicnt RUE. thcre alc I +  1 elclncnt< 'ind ' I '  L 0 1 1 1 . 1 1 1 1111 1 1 1 ~ '  1<1<F /Ill C ~ L ' I ~ ~ L > I ~ I \  ~ 3 1 1 1 \  

cIic~l.c?cter~from Ci l~cnt l ~ ~ i t  rlic kholtcst clcrnclil :rllcl !, 1s c ' l ~ ~ r l ~ c * ~ i ty,l ,,,,,,,, I $  ,,,,,,,, 1l1c8 lol1pC<~ 1 1 1  

the rruc sct, the lcngth of all clemcnts 111 r l~c  currcllt IiIiE 1s bct~vccn (1 + 1 ) I \,,,%,,,,,, I 

iind(l + i )  l A gap b e ~ w c e l ~v,,,,,,,,, I .  any two adjacen~ elements 1s expressed 'is "(cxle){yf)", \vh~ch 

15 "(ale) (;ilt) . .  . (r~lf:)". where 'a'  14 any character In x.and y 1s the max~mum gal) (measured In 

characters) nllowcd between any two elements ( y ~15 an input parameler o f  the algorithm) l'his 

lncclnc wc havc up tu w "OK" opcratlons, y~ c trans~tlons.yf p;i~cntl~escs, In a and y~ cI ia~; ictc~s 

slr~glczap. ~ n c ean R R E  cloes not include Klecne closure ( I  e , '"), Sq=0. S i n ~ c  there ale ' I '  

gaps In the cclrrerlr RRE, we have S , = ~ I I ,Sl=yf~. S,,=WI, a11d y1 characrc~s111 :~riill~lonto the 

element ch,irrtcre~\ in the element\ thdt u e  c,ill~el ;I\ ,I olcon\~c le~cd  r c \ u l ~ ,  thc I c n ~ ~ h  thc 

current R R E  after the 1'" e i l enuon Iterarlon 15 In the r,\ngc 

(1 + i ) I Y, h,,,,,.,, I + 4 ~ 15 /<RElc,!:, 5 (1 + i I J, I +4p 

Pet rlic ovcrall tltnc coinplcx~ty to match a rcgulai cxprchslon ' A '  to Input 'LL',  thc t111ic 

coinplcx~ty to march thc extclldcd R R E  to t l ~ c  cl~tlrc Ilainlng sct 'w' I S  

( ( 1  + i) 1 Y ,,,,,,,,,,I +4W)I ) r ~ l  15 RKEl 5 ( (1  + 1) 1 I +4y/i) I w I?l,o llxc,,, 

Bquation 4-10: KRE Mittching time conlplexity 



\'-I 2 

S,, ( ( 1  + I )  i~~,,,,.,,~+4v) i l l  . wll~chI S  C O I ~ ~ I ~ ~ ~ I U I Ii \ O  5 ('.,,, 5 l 1 l d 01 eqoationi 4 9 and 

4 1 0 .  S ~ n c c0 < IS,,I5 m, wliele m 1s the numbc~ o l ' w o ~ d \  arid parl-01'-spccch 111s'~n ~ h c  11i1cX I ,  

4.4.4 Gap Learning Process 
The mea4~1rement ot the ''(;;II> 1 - e d ~ n ~ n g  I\\ o \ I C ~ \  TheProces\" lrlne complex~ty 111cIudc4 

flrst step is to measure [lie tilne complexity of the exten4011 01' an R R E .  The second step JS  ro 

measure t11c tlmc complexity of R R E  ~l latch~ng.Just l ~ k e  tllc "AND I.ea1-1l111g Proce\rV, the 

rnatcl~lngof an RRE against tlic cntirc training sct is uscd to calculate Fp, the scosing function 

uscd in thc KRE discovery algol-itl~m. 

N I 

The tlrne ro l~ lp lex~ty  for '.Gap 1.earli~ag Proccsr IS C,,,,,, = , a h c ~ cGI  ir the i ~ m e  x(;,

1 - 1  

cornplcx~~! lo ~ ~ l e ~ l r ~ f y  rhc op~lln:~l  gap bc~\vl.ccn RliE e l c ~ l ~ c ~ l tarid clc~ncnr 1-1 I S ~ r i ~ ~ l a iI to tlic 

"AND Lcdr1111igPI-OCCS\." mu\t ob1~11n I<[<]- 1 0\YC llic Ic~lglh of lllr cu1-1-cr11 1 1 1  o1(1~*1 111~',1k1111' ( ;  

111 tlic w o ~  \ I  ~ I I C I C  nlc N clc~ncnt \I I I  rtlc csurlclll K l i l ,  ti111 I I I C  ' (.;,I/) 1 C C I I1 1 1 1 1 ;c ~ s ~ ,  I I~ ; ! 1'1
 oc  L ' \ \  

(whclc: N 14  an  ~npu t  to the iilgol~thm) C;~\cn  tli,~r !!I,,,,,,,,11ic Ior~ge\{ I \  el~snlcnl111 ~ l l c -r l ~ l t .  \ c 3 i  

tlierc ale at most N I I~,,,,,~,,,I cllaractcrs i n  tl7csl.c N clc~ncnts 111 tlic \!lo~-st case, wc wppokc I l l d l  

all gal35 (the number of thece gaps I S  N-2) o t h e ~  than [lie cu~-rerlt gap are expres5ed :is (rrlr:){y), 

and lhc cusscnt gdp 1s cxpr-c\\etl rr l  ( a l ~ ) ( j ) .whcrc 0 1 j 5 yf.  Accorcl~ng lo [lie cquictlon of [hc: 

b' 

f o r  ~ l i c  C U I I . ~ I I I  gap lcarn~ng I\ X ( N I I +4y/(N - 2) + 4 1 )  . Therefore, Ilavejl,,,,,,,,, we 
,-0 



there is n o  gap in the cu r~en t  liKE. 1-inally, wc have 

. . r  


0 5 C,,,, I I I (Nl g ,,,,,<<,,,I +4y( /V - 2) + 1,) => 

4.5 Active Learning Approach 
Our actlvc lenlnlng nlguritlim is sccdcd \vitIi ill1 o t [ e n - ~ ~ \ c d  I A Ir,ili~rc I.OI ~ C \ CI ~ I I O I I  0 1  

cxamplc, "six fcct tall" may be a sccd f o ~  rllc fc:iru~c~ 11(,1,q111 Il;~\cd011\uc l l  l o rc l lo l~ ,~ , \  \ ~ s c x i \ .  

our semi-supervised learning algorithm discovers KKEs ~.epresenting thc contcxrs sur~.ounding 

ttie seecls. All scgnicrits with similar contcxrs bccome candidates I'or inclusion i n  [tic Lnie sc l  I'or a 

The lule developel need only \elect thaw c a n d ~ d a t e ~  o t ' dthat actually contaln a d e s c r ~ p ~ ~ o i i  

gl\)en 1eatu1.e After th15 aclive learn~ng phase, our seml-supervised lertining :ilgor~lhm 1s once 

apa111 appl~ed to d~scover  RREs tor each feature per the plocesr descrihetl In szcrlon 3 ot 171 

F I ~ L I I CI t of thc ac(rvc Icarr~ingprocccs4 .1  portrays s. flowcha~ 



I Apply RKI: I l ~ \ c . o v e ~ y  10 c l ~ > i < > v e ~  c.11rl-tn1Icittu~etypr I;1lso111171n 1<1<I<\ 101-

to : I I ~In the d~jcovcry  process. For exa~nple. ;i pcrso~l 's/?gc I I I L I ~  oflcll Iollo\i R r ~ c  I ~ I L - C C ~ I C(, r ~ ~ ~ ( l  

Height. i r  is llkely an Age segnient. In nth31 follows u/c prov~clc the details ol' our i~pproi~ch.  

4.5.1 Context Pattern Discovery 
'I'hcre crl.r scvcral s ~ c p s  ~ n v c ~ l v c dIn 11ic d~\covcry ol thc conicxi of' the wcct F~r s t .il l1  

\cgmcrlis C O I I L ~ I I ~ I I ~ I ~  = ( x is atlic sccd In rhc Iralnlng claiaset are cxiractcd 1-ei rile scr S,,,,,,,,,, I x 

segment contalnlng the seed) .  Second, let all segments immediately preceding each m e n l b r ~  of 

SLrllltcnt = ( y  I y I \  a fol low~ng y be defined as Sl,l,I,, segment and the segment ~rnmed~~l te ly  

co11tzun5 the geed). Thrl.d, let a11 segment\ rmmed~dtely to l lo~v~ng 0 1  bceLich nicmhcr S,,,,,,,,,, 



After fosmlng S ,,,,.I,,, S,,,,,,,,,, iuld S,,,I,,,, \ve elnploy our semi-superv~sed learn111galgal-lthm 

to dirco\ /c~ [IRESlor S,,,,,,,and S,,,IIl, Wc rhcn ~ o m b ~ n c  I)dllcln w~tl i  1l1c ci~llrx I)'icic'lrlrhc p ~ c l ~ x  

to 1.01rri ;I co~nplcre contculual piltreln 1151112 ' O ~ C Ithe ''/\Nr) ,1to1 

I'o d i \ covc~  [lie KKE5 tor the ~ I C ~ I X ,\VC u w  S Ixc l l ,  t l l ~  \ ,,,,,, ' I \  t l lc '; I \  [ I L I C  \el. ' 1 1 1 ~ 1  5 ,,,,,,,, , ( 1  

f'ilse cet learn~ng ,ilgorltl~n~ =Thc RREs d~sco\cret lby our s e rn~ - s \~pe lv~scd  torm tllc set R,,L,ll, 

{ p I RRE)p I S  a p ~ c f ~ x  

'fo d ~ c c o v e ~  we as the true \cl. dnd  S, ,,,,,,,,, U S,,,,,,,as the rhc sulfix RRE\,  u\e S,,,,,, 

f'alsc scr. 'The liREs discovered I>y our semi-super\/ised le;u.ning ;ilgorith~n torri~ tlie set 1-?,,,rrl, = 

{s I s is a cutfix J<RE).  

Conibinat~ons of ~ n c n i b c ~ s  of RL,,,,,, and R,,lr,, l'orni contextual pattcl-ns that arc uscd to 

discover candidarcs for the true sct for the fcari~rc uncicr co~isidcration. Since not all possiblc 

combinarions 01' such members occur i n  Lhc training dr~ra. our ;~ lgor i thn~ ;I d a ~ ; ~ - c l ~ - ~ v c r ~cn-~ploy\ 

approrich rhai cnsul-cs thar only cornh~n:~t io~ls  lllat nctui~llyOCL.LII .  I r l  1 1 1 ~ .  1111111II C S I  i!I-<' I I \ L ' ( ~  

noled, the final expression for cxrractine canclidate t1 .u~-ccx t scgmenlh c.onsi\ls 01 '  tlic Io;llc.i~l 

"AND" of' members of' SI,,,,,, and Ss,,lrlA n one-segment gap between. We 1,cf'er to this 1'11lal with 

expression as a conrc.tri~czle.ipres.cion in what follows. 

4.5.2 Active Selection of True Segments 
In LIII{ \ tep. o u ~  all candldate5 lo1 a given fedrule U$II ISactive learn~ng algor~thm ~dent~t 're$ 

the coutexiual exprcsslon d~scovered ;is described abovc In secrlon 4.5.1 0 1  course, ]lor a11 such 

c;irlclid;~toille actually true posltivc \egnlcnts, so at t h ~ s  polnt the tralrung set cle\,eloper selects 

the scgmcnts that for~rl the final true sct Wc d e t i ~ ~ c  It l ~ c  t ~ u c  sct T,,= ( r  t I S  3 scglncnt acccp~cd  

by tllc contcutunl ctprccslon for f ca tu~c  typc tr In w h ~ c ha fcLitul.c of type 0 dclui~lly occul-\) 'l'llc 



remarning seglnrrits tliat are 1101 celectzd \>ecome L11e false sel F*,= { t' I t I S  a segment accepred by 

tlic contexli1;11 c?;p~.ession th;i1 tlocs not contain a lkat~lsc(.)I' typc r r  ) 

than thc ratio of ~ I . L I Cto false s cg~nc~ i t s  di1t3 0 \ : ~ 1 . ; \ 1 1 .  ~u t~ \ t ; t r i \~ , l l lyi n  tllc tl.ilin~r~g In  urhc~. \vo~.c.(h. 

'Icss c f ' o r~  is rciluircd to dc\/r:lop tlicsc two sets itsing our scrni-sul~cr.vrscd acri\;c lcar 11i11g 

~ I P P S O ~ "  tllan would be required if these sets were nianually genel.ated by labeling every single 

segment in the training data. In  Tact, as will be seen in section 5.3, the seduction i n  cffust is i1s 

rrear 3s 00'.?:1. AS will ;\Is0 be seen in section 5.3, the pel.fos~nanceof t l~e RREs discoveretl will1 
u 


these sets is cornl>eritive with the performance of R R E  discovery using ;ill of the (manually 

labeled) trailling tirita. 

The filial true scr l'or a given fcaturc c.r is 7;,ULS',,,,,,,.,,, and thc firla1 filsc sct is 

noted, once rhcac tluc rind lalw set, Iia\,c bccn gcr~c~ntccl ot~rSIw<,,.'.US,,,,,,, 0FL1 A h  \ V I I I I  

5 Experimental Results 
111 01-der to test the capabilit~cs of our. RRE D i s c o \ ~ c ~ y  n scsics ofrilgoritll~n, ~ v c  co~iduclcd 

cxpcr~mentcto ver~fy  our thcorct~cal coriclusions. Ut~lizing both police ~ricidcrit rcport 2nd patcnt 

data, we carried out thcxc tests i l l  an itc~.ativc manncr. t ) c g i ~ i ~ i i ~ ~ g  aly~roacll ar1~1 wit11 a ~narit~al 

moving on to hemi-xuperv~sed approach U'c then comb~netl !lie sernl-superv~\ecl appl-oach with 

;ui :IL'II\/C Ieasn~ng algor~rhm to cvaluatc: our scn~l-supcsv~sed R K E  D~scovcry nlgorr~lim ac t~vz  

5.1 Manual Approach 
We I'isst began our alialyhix by utilizing a ~nanu i~ l;ipproacli I'or rcpuI;~r ~ x j ) r ~ s x i ( , ~ l  



Rased on this tr:~rning data, we manually gener-alrd regular rxp~.essions l o r  the se\,eli a~tributcs 

Ilslcd i n  Table 5.1. An indepentien~ test ilaraset was thcn i~scd  to assess Lhc j)cri'orrnilnce of' [he 

regular c?cp~.l.ssio~~s. in rcl.rris o f  ~>l-ccis~c-)~l.The pelforrnarlce of  the ~ C ~ I I I ; I I .  C S ~ I . C S S ~ ~ I I ~ S  r-(.i.i~ll.; 1 1 1 t l  

Tablr 5-1: Tesl pcrl'ormance of'rnallllal regular cxprcssions 

Atlrlbute Prcc~s io~i  Recall FB( [ { = I )  
Time 1 00% 1000~1 1 00% 
liact: 94'h 97.9% '95.919i 
4 gc I 0or4, 94 8% 97 33% 
Herghl 1OO'A, 100' 3 ~  1OO(3) 
H a ~ rC:olor I 00% 90.6% .05 07'fh 
r : y~~ 0 1 0 1  loo(h 10o(5 I oo(3; 
We~gllt  I OOVc 1OOOh 100% 

Based on thc results In Table 5 1, we concluded that ret.,ular expressrons are su~rablc for the 

extr.nctio~i of' a~ t~ . ibu tcs  police irlciilcril rcpnrts. I n  Ihc cotlr.sc of' I 111s wol.k, Ilou:c\ CI.. LVL*111 

5.2 Semi-supervised RRE Discovery 
Duc to thc tcdlous and t ~ ~ i i c - ~ n t c ~ l r ~ \ / c  natul-c of tlic ~rlarlual app~odcti. crt~bnskcdo n  n 

rcsea~cli cffol-[ lo dcvclop a data-driven ;~lgorithm to automa~~crillydi\covcr rcgula~ cxprcssion5 

bascd on  a small [lalnlrlg scr rhrough rnc:~n\, ol' ,I \ern]-snpcrvrscd RKE U~\covcry a l g o ~ ~ [ h r n .  In 

;llgo~~ t h mo n  several data sources 



5.2.1 Results from Police Report Data 
One of the dilt;~ sources use used to telL our s r m ~ - , u p e ~ \ l ~ \ e d  lei11 nlng also1 ~ t h m  w'ls polrcc 

~ l lc~dcnt  In  c,rclcr to allaly/c th15 dnra sou~cc .  \ilc u\cd bawd onrcporrs 10-fold c ~ o s s  val~dar~ori 

100 ~ x ) l ~ c c  ~cpn r t s  that ~ o r l s ~ ~ t c i l  ~nc ldc~l t  of 1404 scgn1e1lts I-or the attr~butcs c~a ludrcd  in thc 

f~rst  cxpcrinlciital rc\ult\ rcpo~tcd bcloiv. the avclagc valucs ulclc 1264 trarnrng csarnplcs over 

I40 (cst cx;~mples In a second cxpcnment, u c  : ~ p p l ~ c dour coniblncd \ciii~-5upcrv15cci ,ict~vc 

:~Ign~~tI i rn 2nd arl rndcpcrlclcr)l r ~ , \ ko n  a kidlnlng datascr (404 Item\ \4 1111 2983 \cg~i ic~l t j )  L I , I ~ ' I \ L L I  

(1.19 llem\ w ~ t h  1301, \ c g n ~ n t \ )  

Table 5 2 \ ~ ~ r n n i a ~ ~ ? e \  0111 \crn~-\uper\  nrny ,ilgo~ tkh~n( ~ 41rl1011r  , \ c  L I L Ctile I C \ L I I ~ \  01  r\cil I C ; I I  

Iesrrilng) The ten diffcrcnt attr~bules e\laluated are lrsted In the tlr.st colu~nn 01  T;iblc 5 3.  I : \ ( ,  

Color. Celltier ancl Wrekdcl\i producetl pelfect results (Fp = 100%). 111 palt because we have 

modriled the Iex~con as noted In sectlon 4.3, 1 3 The pe~.t;)rmance of ASP, Date, Nalr Color, 

Ijeiglrr, ancl Rutr u w e  also excellent (Fp=1 ,,> 90%1). Even though [he perl'ormance of' Tlrirc. and 

Wc~glrtI S  11ola$ good as othcr nttrrbutcs. they still achicvcd ovcs 85% Fp.Givcn tlicsc ~ c \ u l l s ,  we 

conclutle that tllc RREs drsco\/crcd for rhesc rcn fcaturcs arc of Iirgh qualrry o\lerall. 



5.2.2 Results from Patent Data 
o u r  ~ 1 n 1 - 5 u p ~ r  1111111 W d h  dl\() dpj?li~d to \lie C ~ L L ~ ~ I ~ ~ ~ illlc 'P I  ohlcill \ o I L c ( ~c ~ r e d  lflgo~ I of 

~de i i t~f lc r '  ;I parcnt i dcn t~ f~cs  solurlon rliat rhc (PSI) In [JS patents I411 '['lie PSI III the p:lrt~cula~ 

For PSI cxtractio~i,our dntnsctt ~ncliidcd 55 patcrits; 15 of ~licsc, contalniiig 7723 ~cgi i icr i~s  

(sentence\). wcrt: uscd in crab\-validdt~on. l ' l ~ c \ epalcnts w e ~ e  retrieved 111 the focused domain of 

~ c x t  iiiililng to enablc 11s lo Iribel ~ h c  Iralning dala more c:lsllj fiar.11 seginzn[ In each patcnc \*,:I5 

nldnti;~lly tagged by a l i~ini~inexpelt, thereby cleating our targel \el. We \plit all true segments 

randoniljl into 10 folds for cross-\~alidation Each I'old wa\ given n ioiiglilj, cqunl number- 0 1  true 

segme~ils ( I  c ,  [he foltis MTIC r[iallf~c(i)WI: the \~i111c 11111ig l l ~ \ c~~~l ic ' i i l \[lien d ~ ( l  \ h i 1 1 1  I < I I \ c  

I J s ~ n g  10-fold cross-validation, we p ~ c c ~ \ l o ~ l .  , I I C I , I ~ Chave achicvccl 5hiF , i \ e i ~ i ~ r :  3X'k 

~eca l l ,and 45% average F p I  TIiese rcsiilrs are displ;tyed In Table 5 3. 

'l'ilblc 5-3: 10-fold cross-\-:rlid;~tio~~ lest pcrforlnallrc on patent d a t i ~  

Tcs t  sets Precision Recall F - o ~ c a s u r c  # of true po\itives 

1 85  71'Yr 60 0 0 9  7 0  59% 6 

3- 57 Id0%- 30 00% 47 06% 4 
3 62 5 0 %  50 00% 5.5 5hC{ 5 
4 66 (17% 30 OO1k 5 0  0 0 6  4 
5 37 50%, 30 ooffr 33 33% 7 

6 42 S6% 30 OO'?" 35 201k 3 

7 40 0 0 0 ~  IX.ISO/( 75  00% 3-

8 50 OO%, 3-7 27% 15 79%- 3 

9 7 1 43';% 1 5  4 i %  5 5  56% 5 

10 4134','$ 36 16% 40 00"i -I 
-------. 

ALCIage 55 X3'? 37 73(k 3-1 ?7(+ 3 9 

t\n average pl-ccision 01 '5.8 ' , !+:  indic~ntcs c x ~ ~ . i ~ c ~ c ~ c lIhctIiii1 ovci. h;~lt'ol'thc scnlcii~.c's L I ~ I I ~ ?  

IiREs discovcretl by oiir algorithm con~ii~ncr-I i~llOrima~ion~.clc.\:;in~1 0  [ l i t  171-ol~lcinsol\,ctl I)>, 

patents. Considering the complexiry of nor~ir:dIlanguasc expressions uscd in ptitents. \vc co~lsiiler 



this I-csult pronlising. The average recall is 37.73(X'r:.This \,irluc is acxcpt:~blc I ~ C C : I L I S C .  ;is norctl 

than ~cca l l  ~ p ~ ) l ~ c . i ~ ~ o ~ ic ~ ~ i g cprc\llouaIy, plecr>rorl I \  inore ~rl i l )or ld~i~ 111 rIir\ ~ ~ . ~ t i c u l , ~ r  I I I C  ,I\ t ,, 

1s 44 777c, ~ridrc;itr~~gthdt \ve die curreritly successtully extr;lctrng PSI-i~l,itctl \cgriicnl5 , I ~ O I I I  

half thc tllllc 

Anotlic~ 1rnporr:ult nicrr~c rc rhc d~s r r~bu t~o r i  cxtrnctcd PSJc 'Icros5 p:irclit\ of c o r ~ c c ~ l y  111 

oldel to our pe l f~~rn~ i ince  legclld I o  [ l i t \  rrlet~lc,we the~ ~ S C S \  L ~ l g o r ~ t l ~ ~ ~ i ' . \  with ~ n c ~ i s u ~ e d  

drstr ihu~lon of true po{rtlve\ Irom the I0 l c s ~  folds dcrohs the 15 pulerlls uwd 10 lorm 111~train~ng 

\el Idenlly. we woulcl l ~ h e  to exlr'lct one 01 more PSI\ from each p'irenl In 1h15 caw,  8OSi of [he 

o~rglnal 15 pntent., were covered by at least one PSI T h ~ sie\~rll .too, I +  C I U I L Clxo1111~111g 

Our exper ime~~[a l~ e w l t s  provide evrdcnce that our approacl~ lo R R E  d~sco \ e ry  call be 

u \ e f~~I ly  from pol~cc  r~ic~tleilt l'S1\ Irom 1>.11cnt\ Li ' r l I i  II - IL ,applrecl to e x t i x t  fc ; l t t~~c \  rcpol[<' lnr l  

for lncr apl,l~c,lr~nri.\vc :rclircvcd c~oel lcn t  rc\l s~ ' l  1x1I O I  ~ i i , i~ ic r .,i11(1 111~' It111~.1(1111111~, 1 1 1 0 1 1  

produccd ~ c a c o r l ~ ~ h l c  stdhlc I C \ I  \ C I  1 x 1  101 n l~~i icc  ( J . I L # I  I \  O I I ; : I ~ I I I ; !;1r1~1 0111L \ O I  k L V I I I ~  I ) ~ I ~ L ' I I I  

5.3 Active Learning 
Having tcstcd our semi-supcrviscd IiIiE disco\'cry nlgorilliril, uic tlicn bcgali c\,:iluat~on of 

vllr se~n~-super\ l i \cd,  ~ ~ t l l ~ z e dacllve Icdining K K E  Dlscv\lery nlgorlthln. Agaln, ~ c :  tmo ddtd 

\oLrrccs to pert 'urt~~ l l i~s[ ~ s k~ 1 1 ~  the semi-supervr\cd Icaining ~)oIice reporl d a ~ aused Lo test 

;tlgorr[hm and a colleclron oS Ilaratlve (ex[ unlverhlty crime repostx. 

5.3.1 Results from Police Report Data 
'I'ablc 5.4 deplcls thc rcduct~on in tialning sel dcvelopmcnt eSfort gillned by the u\c of our 



segments overall i n  the tr:llnlng datriset. The fourth column ~x llic l educ r~o l~  t and111 I'ihel~ng e l f o ~  

1s calculrited as C4=l.O-C:/C2, whete C41s the value 111 the toulth column. C31s the value 111 the 

third column, and C, I S  the \lalue i n  the secorld coliirnn. 

Table 5-1: I.al)cling d'l'ort savccl 

' S I I I ~ C  :AX . 4 I 119 . 256-1 X737(L  0? 

Eye Color 6 . 6  28 2055 ! ~ ~ . ( ) 5 q :  00 

Grndcr 590 2 I ( S  1003~1080 -83 71':; 2 00 

I la i r  Color 10: 17 5 1 . 2932 97.04L.:t 74 

t.leiglit 27 : 36 03 : 2890 05.71";. 117 

I~:ICC 34 . 60 127 : 2856 02 15 '5). 221 

M'cck (lily 1 2 7 : 2 1 1  401 : 25x2 74 20 8  497 

Wciglit 1 0 .  15 06 . 2'1 17 06 0 I (.+ 52 

'Tllcsc ~.csults show Illat oilr acti\lc Icnl-]ling algorithm significantly rcduccs labeling cfrc)l-t 

for  I ~ I I I Cof rhc rcll fcaturc\. 'I'llc sig~l~f~c:intly 111 'Tablc 5.4 arclowcl- r c~u l t s  lor AROand C;L)II~IL)I 

clue to the fijct that these IM'O rcaturc\ OCCIII. i l l  mdny cllffercn~ contexta,ln tllc [raining data In 

partlculnr, Ccrui~~r-occurs In olmosr cvcry pos\~lllc context. I n  otlic~ words. our co~i[cxt-bascd 

contexts In [he L I ~ I ~ I I I ~  11np1j1li,11I I K  ordat'~. Note thac fh14 doe\ riol rlccc.js,lr 1 1 )  pcrlo1r11~1t1cc 

cxt~,tcrron w ~ l l  be d z y a d r d  a\ rloccd 111 T'1t11e 5 -5 , OPIIL/PI]n:jtt~l;llrisFp = lOO(L 

One dl\advnn~agc of lhls actlve Icarn~ng approach I S  [hat the sl/e of lie true SCI i \  gcnelally 

s111nller thau rt \vould be ~t all of the tralnlng datd welt: used. IJ\lng the Ti11lr2 feature as rtn 

example. the [rue set generated by the active learn~ng process contalns only 44 segments (38 in 

T,,, and 6 In S,,,,,,,,,,),while rhele ale 419 true segment\ 111111e t l a ~ ~ i ~ n g  In 1111sset overall 

[)ill tlci11d1 case, howeve], our benil-supel vlscd ~ i c t l ~ t :  exceeds the pcrfol riiancc learning a lgor~th~i i  



~ 

of thl: \e:ii~-superv~secl learn~rig d l g o ~ ~ t h m  v halone (9SC41 SSc/r i) .  Nonerheless. 111 sevcral other 

cases, the perfc)l.nianct: of our senli-s~~pervisecl aclive Icarning algorithm is degl.atied co~nparctl lo 

the se~~ii-supe~~\l ised 1)iu.t. to [lie a l o ~ t ~ ~ n c ~ i t ~ o ~ ~ c i l  learrling algorithm alonc. Tliis rcsult is cluc, ill 

actlvc lcar r~~np l ~ i ~ r r ~ b c r~ I L I L \ L ' ~ T I I C ' I I I \  ~ r i ~ ~ i l ~ ~ ~p ~ o c c s \  tcnd t o  bc fcwcr th,m tlic ac t~~: i l  o f  ~ 111 1111. 

d'lta overall 

Table 5-5: I(csult~of sc~ni-supcrviscdacti1.c learning 

Fcature Precision Kccall EVB( P = l )  Numbcr of' truc positives 

Age 7tll& 6096 67% 17-4 


Date I OOf:& 93% 96(:? . 94 


'l'i ~ n e  9S'%. 07<!h 98% 127 


Eyc Color 100'ii: I 00%: 100%: 5 


Ger~dcr I 00L2: 100%. 1OOt%. 467 


Hail-Coloi. 77% 83(Z 80%- 1 0 


Hrighr 89% 0;9S 89IF Ih 

liacc 73% 84% 7 Sly: Ih 

Week i l u v  100% 1 O O C i  100% 139 

\.\!elf I l l  7 3'k 7 7 c.;- 7??i. I I 

supc~vihed active Icarn~ng algor~thm. As  bcforc. E1.c C'nloi.. Condri~,and M'crIidl~) had I:,; = 

100%. Ttus iiiiplics that t l ~ c  RUES for tlicsc tl~rcc fcarul-cs 'trc \table. As alrcacly noled, thc 7itr1e 

fc; i~u~t:Ii,~da lc,u-n~ng dlgor111im alone. l'hc hct te~ test result thdn w~t l i  the ~cm~-supc lv~ . s cd  

pc~lormanceof  Dntc 111 l'dblc 5 5 to the perfol-mancc achievecl w1Ll1 our was neally ~ d e n l ~ c a l  

\ern]-\upzrv~sed algol~thm Thu\, tor Eye Color, T r ~ ~ l e ,  visedDare, and M/ceXduy, our hen~l -~upel  

active leal-ni~ig algorithm no1 orily achieved a significant reduction of  labeling ef'f'o1.t (>7JRj)?but 

also m a ~ n t a ~ n e d  to the performalice of ~ t h mFp pel lo1 mance e q ~ ~ ~ v a l e ~ l t  our senil-supervised a l g o ~  



a l l * 

The rest pel . lo~mal~ce\  of'H U I I  Color, H P I , ~ ~ I I ,  Rnc-r, and \Vo,qllt 111 Table ? 5 wzle not as 

good ds r11e 1,erformance actileved when only u511ig o u ~  m n ~ - s u p e s v ~ \ e da lgw~thnl  Nunerlieles\, 

the label~ng effort wns ~educcd  dram,zt~cally for all tour of thew te;ttu~c\ (290%) Givc~lthr.it the 

reduct~on In Fp tor these same features I S  less than 14'5, \Ale see rliar ;I rradeolf exlht\ ber\veeri 

~ ~ , ~ i n l n gset developrnenl co\t and extl,lcljoll pel torrn,~llc.e 

0111 \ e ~ u l - \ ~ ~ p e ~ v ~ s c c l~ C I I \ ~ Cl e d ~ n ~ n g  doc\ rioi w o ~ k  '14 wc l l  101 rlic ? c rapp~o~tc l l  IL'~IILIIC 

because tlxrt: is an  ~rnportant sub-pattzr~l o f  Axe. r l l ; ~ t  wa\ riot 111~' . ~ c l ~ \ cdr\co\ c ~ c ( l  c lu~r~ig  

Icarntn;! phasc Thc sccd that wc uscd for 1111s sub-pnttcrn only covers d ic\v wgl-rienls. 1 hcrcfore, 

the contextual patterns generated were not geilcr,~I cno~lgll to bc u\ccl to filid otlrcr s~nlrlat 

1~dtte111\As a result, thc t ~ 4 tperformance of Asc 1s dcgrnded cornparcd to our semi-supcl \ ,~sed  

,ilgov~tl~m~ ~ l o ~ i c  

5.3.2 Results f rom Narrative Text University Crime Reports 
Wc also c\laluatcd o u ~  sclnl-supcr\~~scd algo~.irlirrion all o~ i l~ r i c  ofnctlvc I c n s ~ i ~ ~ i g  c n l l c c t ~ o ~ ~  

~oIt111111 

Table 5.6 por.trays the 1.et1uction of' labcling cl'f'orr I'or tlic\c lour t'c;tturcs ' f hc  0 1  

serni-supervised acrivi: leal.rii~lg algol.ithrl7 :+re preserllcd In Tahlc 5 .0 .  
-.fhc I O L I I - I ~ )  ol  

~ .c ( luc~~~or i  

labeling effort was dramatic for the D ~ I ~ ,  Thc  test llenz \/rrluc, and Gentler fea tu~cs(,70%). 

pcsfornlancc of ~ h c s c  four fcatuscs was also quitc good; tll'csc rcsults arc cicpictcd irl  l':lblc 5.7. 

All values obtalncd 100% pplccls~on Wlth rcspcct to rccdll, 1)cttr and G n t l c r  were pc~fcct  

( 100fYi) wli~ic  l ' r ~ ~ c  111 c n c l d l ,  our sc1n1-supcr\.lhec11pr1sct 1111ighas ncarly pel fcct at 990b ac t~vc  I cn~  



'I';~ble5-6: Lal)clilig effol.t saked 

I'i,;~lul.e t i of ' 1 , I I I Ratio of truelfalse scglnrnts overall l<eduction in I;~belillg effort 

'l'ablc 5-7: Hcs~llts of semi-s~~pervihcd :lctive le:~rr~i l~g 

Feature l'recision Hccall Fp( f i = ] )  Number of true  posilivcs 

our \ c I ~ I ~ - ~ ~ I ~ c ' ~ v I \ c ~a l ~ o ~ ~ t l i ~ n~ X I ~ ; I C I I O I I11iforrri;1~1oii 1 ~ x 1 .Ieal.~l~lig 10 frorn nar~-a l~vc  T h c x  

experlrnental r.e\ult\ e i -~dence  that 1111s rtpprodch \rgn~flcanlly reduces tralnlng p ~ o \ l ~ d e  sct 

develol)lnent effort while, a(  the sariie tinic. pl.che~.\/irig pcrf;)rmance i n  (el-rnsol' I"I;.  

5.4 	 Comparison of RRE Discovery Algorithm with Popular IE 
Algorithms 
Wh~l t :our algor~rhrll has p~ncluced 51gnlflcalit ~csu l t s  wrtli tcst data, perhap< all eve11 rriorc 

ilnpoltant tcst 1s to coinpale oul rcsults w ~ t h  o t h e ~  popular 1E algonrhrns. To conduct t l l~s  

cornp,lrlsori, wc obtdrncd tlie MLJC7 da tasc~  frorn LI>C(ISBN 1-58563-205-8). paclcnge whlcli 

also ~ncludes scoring software Through t h ~ s  dataset, b e  can d~rectly conlparc o u ~  IE iilg0~11h111 

'I'lic MUC7 N,lrnetl En~rty ta\k contclrn\ seven I'e,irures 1h,1r have been o r g , \ n ~ ~ e d  rlito lllree 

caleco1lex 'fhexe ale l~sted I I I  Table 5 X .  
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_ _ _ .._..__._ _ _._ .--.-.._.. -..-~. . 

Nsmcd B~~t i t i es  'I'enlporal k:xpressions Numbcl. 1~;xpressions .. ....... . 

- ORGANlZATION - DATE - MONEY . . 

- PI'RSON - TIME - PI'RCINT 
- 1,OCATION 

._ 

The MUC'7 IE I,~sksplace no coli.\lralnt5 o n  rhc mcthott\ c~nplo!ctl ;I I L \ \ L I I I .  I I I  O I ( I L > I  (0 

lnlprove the compzt~t~veness  LVC prepatctl $pt,c~:~l Icx~~-o l l \l - l~~>\c.~ 4 c 1 cof our \ystcm I X J I - ~ O \ C  

constructed uslng a varlcty of sou~c'cs For oxamplc, aolnc TIME-rcl:lrcd \ tnrci~ \vcrc t lo \~~~lo( l t i c t i  

from thc fllow~rlgsources: 

For PERSON entrle\, we u5ed t h ~ e e  Ir\ts (last name, male l'lrst name, fernare t'llst name) p ~ o v ~ d e d  

by the I1.S Czli\us Bureau (hlly, //hw\v censu\ go\~/gc~~ealo~lv/na~nes/n; i rncsi ~ l c \ u ~ I )  

l'tlc scgrr ic~~tj  rrcatcd a \  l'dlsc ccg~l~cnts  colivcrsloll dld w~tllour exact labcl~ng w c ~ c  Wli~lct111\ 

lower the acculacy on \ome of tlie Lrdlnlng datd, llie effcclj of t h ~ schange w c ~ c  1111nlmdl 

To contluct o u ~  [ejtlng, we 11rst u\cd thc [I-alnlng 5ct I ~ r a ~ n ~ n g  nc cng key:, 980205) ro ~ I L ~ I ~ I  

our a lgo~~t l in i  The d~y- run  ne eng text\ 970920) W , I ~u ~ d  1E ay\temset (d~yrun  n e k t  to tune o u ~  

p~u-anieters. Then, after combining both training and dry-run dntasets to o i ~ r  own training set, Lve 
.. 

~ r a ~ n e d  The final step was tu Lest the sysreln on for~nal  run data. Using the same tlie sysrcm. 

scoring software on formal run data (forrnal~st.nc.e1~g.1ex~s.')80301), scoresthe a\ler.agc MlJC7 



ohtained and our system's scores Lire presented in Tahle 5.9. 0 1 '  [lie seven fe'eati~res. only five 

have been evaluated to date; the two remaining fealitres (L,OCATlON and ORG"IN1ZATION) as 

well as PERSON are slill undergoing rests. 

Tat)le 5-9: R:Il!(:7 rcsulls 

For !\YO fc;itillcs, TIME rtnd PERCENT, we tiad better performance than tlie MUC7 

'ivcragc, t h ~ s  15 a slgnlilcant a c h ~ e v e ~ l ~ c ~ ~ t  w h ~ l cPERSON 1s about 10% I O \ Y C ~tlld11 thc I ~ V C I ~ ~ C ,  

r.
I h ~ s  ~>crl 'orrri~~~icc 

con~pctltlvefor foul u f  thc flve fc:acure\ 111 t,~ble5 9 de\plre rhe f a t  r11'1t wc: e~n l~ loycd  

DATE dlld LIONLY ~ I I X  @lily sl~gtitly lowcl (< 3%)) tllari the average. i %  

o u r  {crtil-

supcrv~\ed [raln~ng algol ~ t h m ,  whlch \ ~ g n l t ~ c ~ ~ n [ l y  reduces knowledge cnglnccl lng cox[ In  tctln) 

ol lLtbel~ngh 

6 An 1E System Using the RRE Discovery Algorithm 
~ z ( I \  L ~ I ~ o r t ~ l ~ ~ ~ ~ .H a ~ r n gesr:tbl~sIicdrhc accur:icy of 0111. \crnl-si~pcrv~\cd c IC;II 1111ig \\ 1' I ~ I C ' I I  

went dhuut LonbtluctIrig ari ac1u;il syblerri I U  ~ I I I I I L C  thc algor~tli~ll  Ii,ldKKE D ~ \ c o \ c ~ y  t ic  

dcvelopecl. The program we developed is [he BPI>-IE synltlrn. an acronym I'or the Dethleheln 

Police Dep~trtrnenr Information Extraction system. 

PL':f<.';C)N i s  51ill ~ ~ n d c r g o ~ n g[csting- thcac arc not tln;tl ~.csulta. 
O u r  M!C7 tes~ingtlid in\!c~lvcadtli~iorlcclkno\vlcdgc crtgirrrcl.lng. I~otvcver - ~ T C ~ ) ~ I I . I I I ;for cxalr~ple, S ~ X L . I ; I ~  

Icxicon:, to clilialicc thc pcrl 'o~.ni;~~icc syjtcm ~.c t iu~rcd  knowlctl~ccnglnccl.lnp.of o u ~ .  a t l d i ~ ~ o n a l  



6.1 System Analysis 
111 thls S C C L I ~ I I ,we provldc an ovcrvicw of thc bac1,ground of thc BP1)-IE system and also 

brlcfly III~I-otiucc c o ~ m ~ ~ o i ~ c ~ i t s ,  and funct~on\  'I'hc dctnil., of rlic dcslgn ~ C ) I I I Cof I I \  tccIi111~111es 

wollc ;ilc cxpoundcd upon I n  Scc t~onh 2 

6.1.1 A Description of the Relationship with the BPD 
'IIlc BPD-1E progl.arn has bccn dcvclopcd i n  conlu~lct ioi~iu~d  w ~ t h  tllc Tu11 support of llic 

L3ethlehc.111 Pollcc Lkpd~trrlcnl (BPD), locntcd In Be[t1lcl1cm. Pcrrn\ylv'~n~,i. U S A I l lc  

~crrarigcrnenr h,~s bccll r r~u~u;~l ly 10 c I Io~ t \  \ \ ' o I ~ < I I \ ~  b c n e f ~ c ~ , ~ lboth the o t l l c c~s  ; I I I ~our I C \ L * ~ I I C I I  

clo\ely wlrh Deputy C o m ~ r ~ ~ \ > l o n e r  21,111Rand) Mlller, Llcutcnclnr Joc Kllnoc h , I I I C ~  I > c r c ~ c ~ \ ~ c  

Piilmer, .lmong o l l i e ~ \ ~we developed a jy\Ltrn 10 '11d 1l1c d~p~ir t rncl l l  111 C I I I ~ I I ~ ; I ~I ~ ~ C I I  

~nvest igat~ons.l1s1n.g dat:i prov~dedby the BPD (In the 1o1n.1 of narrarlve InvcsLlgrillve Icporl 

supplements, clime reports and ~ o f t w r ~ r e  have developed for our I-esearcha f f~dav~ t s ) ,  Me 

pulposcs convc~ts  rlils tcxrual data Into datnbasc rccords Using a PC-bciscd ~iiodus o p c ~ a n d ~  

search tool we dcvcIopcd for the plojcct (dcscl~bcd bclow), o f f ~ c c ~ s  arc able to ~nstanl:~llcously 

~ c n ~ c htlioujancib of ~ccol-ds dnd repolts - gathcr~lig ~nfo~rliation rliat woilld ha \ c  prcv~outly 

r'lkcn ~r~lc~ounrcd s to obrdln.11ou1 


W o l k ~ n g  cv~lh the RI'D II'IS I I ~ L 
P I O V I ~ C ~  only an cvccllenl rc5c bcci 101 oul dlgol~lllrn, hut. 

pelhap\ mole lmpolrdntly \Ale h'ive been (~hle  to plovr~lc ,I I I I  ~ I \ \ C I ~ ~ I I ~ , I ~ I I ~ ~\dludbl~'\ C ' I L I I . C '  the 

\/,~lueof o u ~1001s to I , I W  C C I I J O I L C I I - I C I I I  O I I I C C I \  11: I u lc ' \  I C , I I I I C C ~  11o11i1 3 1 ' 1 )( ; C I ~ C I ~ ~ I I I ~ ~  

~ ~ ~ v e > r l g a r u r ' \  0111 I I I I Crcl,orls us11ig O U I  1E learning algor~lhm eli\Lllc\ the accLlrd~y of \),\tc111 

al5o plovld~ng o f t ~ c e ~ s  Acld~t~ounlly, liavc had rllc oppolcLlrlrr) lo wlrh cluc~nl  crrmc lends \4e 

~ c c c ~ v c  th,tf has ttclpcd us to ilcslgn thc user inrclt,lce alicl furrhcl fccdback from thc ~li\/cst~gatorc 

c n l ~ ~ ~ n c ctllc syctcrrl 



6.1.2 Attribute Analysis 
In clrdc~ lo conduct 1111s projtcl, I I  \Y.I\ 10( I C ~ L X II ~ I I I I ~ ~h 1 ~ 1 1  1 1 ~ 1 1 1 ~ ' ~ l  1 ~ ' , 1 1 1 1 1  1.\IIC'SI:\\,~I} \A ,1111 0 1  

idcll~ificd scvcral altributcs rclcvant lo crirni~lnl rnodus opcri~ndi.  l'llis i~i \ 'o l \ 'cd tllc study o f '  

hundreds of BPL) invcstig:~tnrs' reports. :111cl was further cnlianccd by our- pal-liciparion in 

numerous nlcetlnga w r ~ h  in\lchtiga~ors. 'I'able 6.1 lists some of ~ h c  a l t r ~ b u ~ c s  111 Ihcjr:~dcn l l f~ed  

Feature 
Class~ficat~on 

Control Nunlbcr 
Kcporl Ddlc. 

liepol t OS1.1ccr 
1,ocallon 

Al-re\r Numhcr 
SSN 

I)rl\,el l ,~ccntc  Nurnht.~ 
Per-\on Nrirnc 

Welsh[ 
Eye Color 
H a ~ rColor 

1Ie1ghr 
Rclat~onship 

Racc 
Phonc Number  

Rcsldcnce 
Agc 

Offense 'I'y pe 

Day or Wcclc 

Ircm S~olen  


C l o ~ h ~ n g  
Drugs 
Tlme 

Veh~clt: 
we:1po11 

Type Range 
St r~ng  
S l r~ng  
Intcgcr 0000- 1 200 (l-rlniy 1 ) 

SII  In? 
Strrr1p 
S I I  In? 
S t r~np  
SI I  In? 
Strl~lg 
I~l lefcr  0 - 1000 (pountis) 
Str111g 
St1 1ng 

Integer 0 - 120 cinches) 
Stl-~ng 
S t r ~ n g  
Stnng 
Strrrlp 
Intcgcr 0-200 
Slnng 
Integcr 0-6 [ Sunday =O. , Salulday =(>I 
Smng 
St1~ r ~ g  
S~r ing  
Integrr 
S L I I ~ S  
string 



6.1.3 	 Data Collection 

There art: thlcc cornporxrit\ tli;?t collt~ ~hutcd ro tlit, tl,lt,~ .storeil n,rthrn tile I Z C ' I )  11: \)\tCln 


. The trl sr compo~icr?t I S  RI'T) I cpc)~ 	 I , I I I \  L, 1 ~ x 1  0 1dctcct~\ 'c  lc rn clcclronic lor I I ~ , I I  Y , ~ I  ~ L I [ ) ~ I C I ~ - I L - I ~ I \  

c r ~ m creports makc up lllu sccorld componcnr; thrs inlo1111ot10n I \  crllcrCd rllanuC~Ily to llle L I I I I C I I ~  

UPD darabnsc The ~h r rdand final corriponcrlr consisi\ ot ilaii.al~\/c f~c ld (< )  of ~ l i c  B1'11 A!'f~cf;tv~t 

d ; \ \ d b , ~ ~t l i , ~ tconldlns c~ f l i dd~r f s  probablc cauw 

'rhcrc arc many nal lalive rcxt dctecr~vc icports thal arc \torcd only In Ila~dcopy (papel) 

torm o~ In MSWorcl l o ~ m d t  Whlle polrce officers belleve thaL there 1s ~ I L ~ L I Iu s e i ~ ~ l  111dtion1111'01 

contdlned rn thew iepol-~s,I I  1s q u ~ t e  drffrcult f o r  detective\ Lo read thlough lllese lepolls 

n~anually. Our RPD-1E systelil uses n compute1 to 'lead' th~ough the tlocurner~~sarltl 

auto~narrcally extriict useful r~lformat~on 111 the form of the features descttbecl 111 the follo\411lg 

~ e c t ~ o n'I'he output 1s tlicll \;-1\,ctl 111 (1 drffcrcrli UP11 cl ,~ro[)~t~crlnrrlccl 'BPI1 I]:' , \~hrcI iI \  locCitccl 

0 1 1  '1 \ C I \ * C I  111 ~ I I c ,  I I ~ \ ~ ~ ~ I ~ ~ I I I O I ~ ~' I t 1 1 ~dL~tclO~i\c I I [ I I I / C C ~  I I V  131'1) I J I I I I (  L o / I ~ c c ~ r \C ~ C \ ) : L I I I I ~ ~ I I ~  C J I I  I>L> 

lor s u \ p c ~ t  r t i en t~ l~cnt~on  

All thr UPD d;lLCl I \  and usccl only In corrrputcr \y\tcnls loctit~sd L \ I L ~ I I I ~\ ~ I L C ~  11ic I3l ' l)  

build~ng. Delec~ives are able lo use their personal computers in the UI'D hu~l(ling to accesx rhe 

"HPD-11;'' database to perf ol 111 su4pect idcnt~l'lcal~on. lirgl~level ol clnr,~ securrly. To mrilnlaln 

these cornpute~ s uL111ze a local neln.oi k connection without access to the Inrernct 

6.1.4 RRE Rule File 
K K E  rules Icarned from the trarnrng set ale saved In an  XML I'lle. Each RKI:: 1i11e1 5  drvldccl 

Into seven pall\. The XMI, tile starts wlth "<RRE>" and ends wtth "<IRRE>". a s~ng leXICII- t ~ l e  

may contaln mullrple IiRE rirles In succesclon. Similarly, each compunerll rule o t  ~ h cRRE \t;ltls 

01 1 1 1 1 ( . \wrrlt "<rule>" arid ends wrrh "</rule", tllelc 1s I I O  l ~ r r l i tI O lllc I ~ I I I I ~ ~ I C I  1 1 1 ~ 1 1  I I ~ , I \  bc, 

cor~ta~neii111 a p:11 t~culal XMI., I'ile. 



The first past of an RRE rule I \  J(~nr i t1r~7~ 'pr ' ,w h ~ c h  clellnex the type of feature the rule 

extl'lcrs Fol ekalnple, ~f the ~ u l e  is ubed to cxtlact a pelson's he~plit ,  thc~l  the \ ~ ~ t l u e  theot 

jolr/ur~Tvprtag I S  "Hcrght". The sccolld tag, . ,pr~.~(rll l \c, t ,1s u ~ c d  to rderitrfy the a~~r l lo r  of the 

rirlc I S  t t rule rnc~nu~?llyc1eC~Ic(l( o r  ~ ~ L I ~ O I ~ ~ ' I \ I C ~ I I I ) J  c ~ ~ ) c l~ c r ~ ~ ~ t c t iI ~ I , \ I I I I ~ I I I \  I ~ I O ~ I ~ I C ~ C ~ )  

*l'Iic ri~,xt llirce tLIg5, prc,/r \ ,  /ur/i(,1 '111d ~ L I / / I \  ~ r l i ~  I L ~ I ~ I I L ~ C I  0 1  l < l < lL I I I L - C ~ I )  10I I I < *  L O I \ I V \ I  . I I ~  

/-'rcfi'x corltdlnb ;ill K K E  thnl dcscrlbcx rhc fca tu~cs  t11,it prcccdc rlic t.11;cl Ic'rlurc ( c  g , / I L ' I ~ / I / )  

P~rttcrr.ris used to extl.ilcr iht: target I'eature. i~nd  rul/i '\- dcnotcs ;In RIZLi r t ~ a ~  [l - ICd c ~ c r i l ~ c s  I-cat~rrcs 

Collow~ng the i'lrget featule. 'rliese thiee KREs @ r c f r ~ ,prrrro/r, '~nd .\llff~\) rnux~ill1 rr~;itcIi 111 

older for a fedture value to be extracted - otlieswlse, the fedtule value 1 4  rg~lored 

W ~ t h l n  cacll 171-cqu.P I I J J ( ~ A , ;~rldpnllcrtz tag. t h e ~ c  cxlsts one or more r ~ l t / i l r ) ~ ~ t  Eachtag\ 

f ~ l c ~ l i ~ t i iconsrsrs of c o~r/etz[,gnphlril, i~ndg n y M ~ i ttags, whrcli ille col-l\rsrently ar rnrlgetl In this 

orticr Thcsc tags ma) or lnay not contaln \ralucs, bur tlic I'cirlrl-11 rag 11111\t eoI1taln at lcast one 

c2lel7lerrl rtlg t h a ~has a value for (orlrerzt Cotlreiit rc an  RRE that ~ i i~ l tchc \  tllc currcrlt clcliicrlt 

,yul)klln and ,quj)iM~r.u 1-e~)rese~itthc niiliiniulii :~riil rTiilxrll?llln number- of cli;rr;~~.rcrsthat ' U C  

allowed t o  ex151 bctcvccn t l~c  curlrllt clclnent a11d rllc licxt clclnclrr I I I  o111c1-\bold\ 1 1 1 ~ '  r~ulnlxI- ol 

c h ; ~ ~ i ~ c t c r \in a g ~ pmirst bc bctwecn ,qul)Adr/~; I I I ~grr/)Mtr\ 1 3 j  clc.l:~ul\.qrr/)911/1I <  to / L \ I O  

('oilrc~~rrand gtrpMai arc lcarnccl d u l ~ n g  r1;11111llg 101- 0 1(Note C I C I ' I I I ~ ~dc11111tro11\ O / O I I I C I ~ I; \ I I L I  

L q l ~ / ) .please refer- lo 1251 ) 

The srxth tag, ptohat)rlrty, I $  the t~arnrng scole, ~t IS  used to lecor d the celtalnty or accuracy 

of the RRE ~ u l eand  I S  derlvecl during training. The seventh and final tag, c'o/llvrtcJr,1s the name 

ot tlic tunct~on ubed In the RRE conversion routille to cnli\'ert the textual value of an at t r~bute to 

il I l l J l l l C S l ~V ~ ~ U CiIS dppl0l3ri;lt~ 


F ~ g i ~ r c 
6.1 is a sarnplc 1-1111:frlc tli,~t conrains rwo sample KKE I-ulcs 





HPD-.IE feature extractloll sul>sy,rern) arld HPD h10 (the RPr l_ IE  rnntl\~\ opcr;~ridi \ ca~c l i  

subsystcln) parses the XhlL file to rccrcatc rcducccl rcgula~ cxpics~ions .  

6.1.5 BPD-FE 
RPD-FE is the cub-sysre~n where the na~.l.ati~/e ted ;ind fcatures ;Ire extracted text is coiivc~ 

and Inadcd Into database hh lc  ciitr~cs. A uscr- ~ r i t c~ facc  Thishas bcci? crcnrcd fbr t h ~ s  task 

scctlon bl-~cfly nlcntlons sorric of' ccch~iiqucs uscd in t h ~ s  sub-system, for clctails ot thc design. 

plcasc rcfcr to Scctlon 6 2.3 

6.1.5.1 Converting Features Extracted to Data Entricks in 1)at;lhaw 
It is necc!sctry 1 0  e x l ~ d c [ ~ t l  I C ~ O I  111I O I  ro r l ic~rrliircrplet all tc . i l~~re\  I ro~n  llie ~ n \ ~ c \ ~ i g . i r o ~ < '  t \  

e11t1.y ~rlto rhc tfiitabase. For ex;liill)lc. therc ale d i l fc rc i~~  lo exprc \ ,  ; I  p c ~ \ o n ' \I ~ c I ~ : I I I  I I \ ~ .ua!\ ' 

icct t'111", "five fect e ~ g h t  ~nchcs  tnll",  ' I  Ilew L > I I I II C ~x~lii"5'8"" ,\re lual LI tcw c x , t ~ ~ ~ l ) l c \  !nu\ \  br 

~lorrrial~zedInto n standard cxprcsslon so that rrloclus opcralidi scarcli can usc 3 rallgc sci~rcli 

l'ul~ction (see section 6.1.6.2).In bhc exampic of ii person's heighr, M J ~use an integer to cxp~,css  il 

pubon's hclghr in inches. 'I'lierelorc, "live Seer tall" 15  en~ered  into the dut;tba\e "00"; "l'ivc 

reel e ~ g h t  1nc11es t'lll" and "S'X"" ~ n ; ~ k e sale both convertecl lo "68" This no i~n ,~ l i / a t~on  range 

To convrl-t features to darabae  en[rles, we t'r~.sr 111oc11fy RRE, to lndicate ~v111ch cle11ienr.5 

need co be con\/elred. Nexr. the program p a w s  the e lc~ncr~rs  f 'u~ ic l~oulo ;I p ~ o g r ; l ~ l i n ~ e r - s p e c ~ l ~ c t i  

dcs~giicd to colivel t the il;it,l cxi~nipleof l h ~ \  coii\cl \lo11 131i)ce\s I \  k , t l  c l l ~A \ ~ ~ n p l c  t l c p ~ ~  In I ~ ~ ~ 

6 2.  w h c ~ c$1 thnl collfalrl rllc c l c ~ n c ~ ~ ~ . \  a n d  '$2 arc two vil~.~ablc\ lo I>c L ' O I I \ C I I L \ ~ ~  



'I'ablc 6-2: Diif;~entry co~~verhior~ 

Featul-e Extracted tlvc fcct c ~ g h t  inchcq tnl l  


UliE ("ls" 5ymboli~cswhite space)  ( ~ c ~ - ~ O - O ] + ) \ ~ l c r t ( ~ c ~ - ~ O - O ]t d l l 
t ) \ $ I I ) L I I ~ \  

Chnversion function 	 S 1-5 ( I ' I \ , c )  

Data Entry in tlatahase 

To support even greater funct~oniility, useis can de f~ne  t l i e~ l  own conversion routlnes by 

mod~iyin:l rhc "tlcfaul~RRErulcs.x~nl" XMI, tile and thc sourcc code of rlic "RRE- colivcrtcr " 

Alter n u w r  clealcs a 11cw function in t l ~ c  "RIiE-cunvcrre~". lhcy call as51gn the tunc t~on ' s  name 

lo a rule's t o r l ~ ~ ~ l ~ l c r - "dcf~ul tRKErulcs . s~ i~ l"  bc called nurom;lt~cally tag i n  Thc funcllon ~ v ~ l l  

whcncvc1- thc rulc. is fircd. 

6 . 2  	i lutolnatic Uplo;~rlof' I11veslig:2tors'Reports 

Support for batch luacl~~iptirid coli\telslori I S  es,c~lr~illfor the \ y  $lcrri I I I \  C \ [ I ~ I O I\ :11i~l 

dctccl~vcs often kccp t hc~ r  ilocuments i l l  ~ c l a t ~ v c l y  nor o r ~ c )  d c \ ~ g ~ ~ d r e t l  o r  ~ t ) -fcw ( ~ f  	 ~ I I C L I O J . I C ' ~  

d~rcctories.I t  I S  advatitagco~~s 	 I I I ~ Otllc systcni i n  a slmpleto lo[~d all files fionl rtiesc d~ rcc to~ ie s  

manner Wheri using the b a t ~ h  upload funct~on.  [he user can himply ~ncl~cate  file folder a s p e c ~ f ~ c  

( I  e . , thc dilecloly conri~in~ng all the clocurnents) [111d i~lluw the system lo autoln:~tically pciform 

Lhe Seiiture exr l . ac~lo~~ operar~ons. 'l'hls type of capdhil~ty can be useful in allowingand d a l ~ ~ h a s e  

the u w  to perform thrs lunct~on to update the BPD-IT;, database o n  a r e g ~ ~ l a ~  11 the u\elhasis 

beglns (he process evely eLening before leavlng the oftice. 111eplogram c:ln run d u l ~ n g  the 111gl1l 

and ~ I O V I ~ ' :the BPI)-TE d,trabase the most rccent. up to d,ltc d,3t;l , i \  Li~l,tblc~ ~ t h  



This capahiliry is also hznefi~.ial wher, initi;~lizing the syste~ii. Will1 the RPD, all 

i~ivestigarors' reports are located on rt RPD network file server rooted a specii'ic dil.ectory. The 

batch~ng load~ng  iuid convcrs~on capab~llty allowed us to eas~ly  upload ,111 ~ n v c s t ~ g a t o ~ . \ '~epo l t s  

to our BPD-1E darabasc. 

I n  order to  lia~ldlc ally c n w s  that inap occur dunng thc b;~tcli co~ l \~c r s lo~ l ,  il crror I'ilc I S  

creatcd and cavect under the /bin folder. T h ~ h  will allow 'in? error.\ to bc handlcd In ,111 

. \ppropri~tc rniuincr offline. 

6.1.5.3 Upload XMI, Files to tlie BPD-IE L)atab;~se 
Alt l lo~~ghthc RPD clocs nor rnnilita~r~clcctron~c rccol-(15 of rn111n1c . r l r i i ~ ,  Ic,l)orr\ ~tii '\c 

rcports of tcl~ contain uscful supplcmcnts As a ~csu l t ,  dbovc. solnc ol tl11.s d'irn lids bccnna n o ~ c ~ l  

rr~nllually cntcrcd To accompl~sh this, rlic crlrnc ~cpo l t s  arc savcd a \  XA4L files To suppo~ t[ h ~ q .  

we c~ca redn XSL) l ~ l cma~chlng [he I3PD crlme IepolI (A.J~ICII~I\ G ) , dnd usc d l ~ c exml cd~ lo r  

"XAlnple XML EcliIor" (a\lailal~lc ar lit~p://ww~~.iccwalh.ers,co~~i/l~i~~~~x/Soft~~ii~~~l 

520470/XA11i~1le->;MI~-Editor.I~~ml)to enter tlie data. 

After the data is enlered as XML files. a func~ion within the BPD-FE sub-system loads the 

f'iles inro the RPD-IE database. This f'ul~ction can also extract fkal~rres /'[urn the r~cu-I-ative 

supplemenls ufthe crime reports 

6 . 1 . .  LIpdate RHE Rule File from HI)1)1 \Vehsitc 
The UPD-IE Systcrn uscr c,\n downloacl rlic I t R l i l :  I L I I L - I I I C  1 1  0111 


hrtl7 //hdd~.c.se 1eIi1,cli edu/~ource/def;1uIrKREr111e~.~1r1l.clo so. ~ > I L . I U I C ~ 
'1.0 cllnh rhc l)i111o11 


below in  rhe BPD-FE tool to download and install rhe rule file automar~cally. You need an 




inlel.net con~lectionand must r;et LIPyour I)I.OXY or ~ > C I . ? ; O I I I I ~f ' i 1 . ~ \ ~ ' ; 1 1 1  I O  ;111o\~,I I I C  C ( . ) I I I ~ C - C I I ~ I ~ .  

Once ~hc:tlo\vnlo:ld I \  firi~shccl,you m u s ~res~xrtUI'D-FE. 0 
6.1.6 BPD-MO 

BPD-MO 15 anothcs cn~lipor~clitof thc BPLI-IE. 5y\tcm, I [  IS  il scnrcli tool rhnt help uxcrs 

to search relevant clocumcnts using l'ca~urcsclorccl In lhe UPD-Ih databnsc. Wc bricl'ly mention 

somc of rcchniques used i n  [his sub-sys~cmin this sccrion: I'os clct:~ilsof rhc design wo1.k of thc 

HPD-h4O. please refer to Section 6.2.4. 

dcvelop ;I rdnk~ngmethod to \olt tlic\c ~.e.sul[s We dclllled C\ ~ c o r ~ r ~ gluricrlo~l lo ,I 

slmllasity score to each repor1 rerneved Irom ille database b;~$cdon  thc ~ c p o r r ' jS I I T I I I ~ Ilry lo ~ h c  

query c~ttr~burehTlie h ~ g h e ~lhc score I \ ,  rlie better the Icporr mdtclies [he cjuery 

To de t e~ rn~neLhe \ ~ l n ~ l a r ~ t ybel\veell a rcpolt and a glven q u e ~ y ,modu\ operandl \edlcli 

C A I C U I ~ ~ I C S  1111: s l~ni ld~l lybeLwcen ar~~ib i i levalue\ of ~ h cg~veli~nve\ l~gnt ivc~ e p o i ta~icithe 

art]~butevalues g~\'t 'l)111 t l ~ cquery. The slrn~la~l ty15 computecl :as dep~ctedI n  Equ;~t~onh 1 .  whcle 

Sllnilar~tyScolc1s 0 if "wl+w2+ .+w," cqllals 7cro 

I.:quntion 0-1: I'he S~n~il:hr~tjrt~nclion 

Thc vrz11~111lctIri Equarlorl 6 1 arc dcll~icclas lollowb 

n IS  t11c n u m b c ~ofatrrlbutcs in rhc q u c ~ y ,17 2 I 



Kqiinfioil 6-2: Atfrihute Sirnilarify I)ctc\lce~~query iind report 

Tlle va~~r ib l r rIn I:cluat~on 6.2 are defined as  follows: 

R,,, 1 5  the rmge  of [lie I"' am ~burein 1Iie repoll 
I tq ,  1s Ihc r'lngt. of [hc 1'" Ll l l l ib i~ l~111 the qucry 
ovellap(R,~,,K,,) 1s the o v c ~ l a pof I td l  and K,,,, 
Max(Rd, R,,,) I S  the maximum value of' R,I,and R,,,. and 
Mln(RLI,,K,,)lr the mlnlmum value ol' Rd,  r l~ldR,,, 

For nom~nalvalucs. S, 1s 1 ~f thc \~a lucof the i'" a ~ t ~ ~ b u t cin Ihc query cquals tlic \taluc of an  

attribute iu thc report. Othcr\visc. S,is 0. 

Equation 6.3-has rllc following propcrtics: 

5 ,  = 1 I S  d n d  on ly  it' Kd, cqutil? R,, 
S, =O ~f and on ly  ~f there 1s no overlap between R,!, ar~clR,,, 
O i S , < I  
A highel vdluc o i  S, mean5 dnd Kql‘lie molc hlrnlldl Lo each olllcr 

'I'lie~.el'o~.e,13qu;1r1on6. I liah the Sollowing propcrrlcs: 



S r m ~ l u r ~ ~ ~ S c o r - c=O I T  t l i c~cI \  n o  ovC~lapbclwccn ;\ny , ~ t t ~ ~ h u ~ t :v:~lucI I I  [he ~ L I C I Yr111d 
.uiy crttr~butcv'ilue In the i n v e ~ l ~ g ~ \ t l \ . e1cporL 
0 5 Slrr l~l~~nryScore5 1 
A higher value of S ~ m ~ l d l ~ t y S c o ~ cmcclric the query dlld tlic d o c ~ l l n c ~ ~ tarc rnvrc 
b ~ m ~ l a rto cacli othcl 

6.1.6.2 Fuzzy Scarch 
After xc\,eldl d ~ \ c u s \ ~ o n swirh BPD detecrivej dnd Investlgatoss, 11 bec,lrne irpparenr rhal 

ihe inl 'o~.~n;~tio~ico~ltainedin investig~~tors 'reporrs is not a lwa~lsI00(31accurate. An exa~npleof '  
. . 

t h~soccLIrs when n person's name 1s incor.rzctly erltered. Suspecls may also use \ ariation$ of rl)ei~ 

6.1.6.2.1 Frrzz-v Seul-ch using Edit Distunce 
An edit d~a t~ incefunct~onW A  implemented uung M~crosoi tVisunl C++ N E T  Th1\ 

firnct~oncoliipi~r-esrwo lripur s[ri~igsi111dreturns [he cdir dislcince hc[\\ccn ~ h c m1321 A user can 

delrne the lnlnlliium e d ~ td~st'tncethrough the ujer inrerface 11 the ecllr clrs~ancebetween a stllng 

value in the document and a string in the query is less than or equal ro the minimum edit dist:lnce, 

then he system consitiers the two \, ;~lue\as ,I nldtch 

The ccl~td~stanccf u ~ ~ c t ~ o n1s L I \ C ~ah (I user dcf~netllunctron I r i  tllc Z l ?  So1 ( L I ~ ~ I I L I ~ L ,,111d1 5  

cc~rnprlcdto a dynarri~cI ~ n l ,Irb~ary(cdrrT>rct,~nccdll) TI1c fol loi i~ngcor~lril,lrlcin)url l,ix C Y C L L I I L ~ ( ~  

In  the MySQl. cornr~ialldconsole lo clcatc a tlccr tlclr~ictilurlcl~onn,~lilcd"c(l~l l>rsl ,~~ict~' 114111p 

the D l  file: " ~ P , ~ : A ' I ' ~ :  r.uNc I ' L G N  ec i r  t 111 s tai-1;e I ? ;  I ; I , s ; ~ L ~ I B I ~ ~ ,  



example, suppose 'In ~nves t~gdto lsca~clies f o ~  an "olfc~isc type" rind cnlc1\ .i cluery \[11119 0 1  

"I-obbc~y."If reportl 111 tlie database conralns "~obbery", reporr, cnrir;uns "I(obbt.rj", anti lllc 

mlnlrnurn ccl~t d~ctancc 1s set to one, then report1 and leport? w ~ l l  11~1vc tlic same ~dniung  cco~.cill 

the result set bccailsc only one 'cclit' is ~icedcd to cl~ange an 'I-' to and 'R' 

6.1.6.2.2 Searclz Ojl Itailge 
?'lie ~nvcsrigators' rcporrs ot'tcn ~ncludc fca tu~cs  that havc r:lngcs. For Insrance, a pcrsnri's 

hc~glitmay bc w111rc11 as "fiom five f'cct S I X  Inches to S I X  fcct t i l l " .  Our feature cx~ractiori systcln 

can p ~ c k  LIP this range ~n fo~ .ma t io~ i  and c ~ i d  values; both start and cricl and convert i t  illto stal t 

valuca can lhcn bc jiol-ed In rhc dalabasc. 

retuln all documenrs that have the jame value or have langc tI1'1r C O L C I . ~  L I I C  ( I I ICI : ,  \ ' < I I U C  1.01 

tlxa~nl>le.11 the user enters the query "Age=20", the system w111 retrre\c: all ~cpol-[\  thar lia\~c 

"Age=?O" or an age range covering 20: such as "Age=lO to 30". To d~R'crentiate betwccn exact 

v;~luc rnarclie~ ;u~d  rarige niatches, the rank~rig d~ffcrs  for tlie two I;illds of reports rcr~lrnccl 

I f  n uhcr uses a langc 111 the query, thcri rllc ~noduc  O ~ ) C I ~ I I ~ ~ I  system will leturn a11 S C ~ I C ~  

~ c l ~ o ~ t b  \,aluc 01. a range [ha t  o \ /c~ laps  wllll t l ~ c  q u c ~ y  vdluc tlic u \ c ~  w~rl l:I I7ol cxarnplc, ~ i '  

\c'~~cIicb f o ~  "Age = 20 tu 30". the syxte~ii w ~ l l  rerrlcve all rcporlj that h'i\le "Age=20", 

"Agc=21", , "Age=-?Ow,or havc '111 dge range covelllig a nurrlber between 20 ;uid 30, such CIS 

"Age = 15 to 25" 

We use I,qudt~on\ 0 1 , ~nd 0 2 lo \ O I ~  I ,111gc \c,llcIi rr\ull\ All I C ~ O I  \4 1111~ h c  I \  

~ I I ~ I I ~ ; I I I ~ ~ ~ C ~ I ~> 0 L I I ~  1 - 0 1  11\,11\ul)l)o~t \L.#I:LI Y ~ Iic\,cd f1011illlc ~ ~ ~ l t d ~ ~ ~ ~ \ i *llic L t l [~~hulc \  I ~ I I ~ ~ L '  11. 

please refer lo  T h l e  6 I 



6.2 System Design 
'flit Info1n1~\11o1i l3P1) 11, \\krc.~n conl,I~ll\ ~ l l l c ' t '  I I I C I I O IE\tr:ict~on Sy\tc111 f v ~  [llc 

extraction 1.ulcs f'som rhc training d;~tilscc. 'l'lic s e ~ . c ~ i ~ d  I S  rllc 1.caturc J < , Y I I . ; I C I O I .  1 1<i~hs\i.~c-rn 

makcs usc o f  thc cxtl-ac~ion rules gcncratcd hy Llli: I \ l(~dcl I3u1ldcr to exiracl t2ari11.c~ Iror11 ilic 

user input. The third subsysten~ is a Modus Operandi Search component through which nsers can 

search investigative reports contai~iing specific moclus operandi. 

The following m:i,jor funciionalitics of'the Info~ma~io l l  Ex~raction Systcm correspond io the 

1llrcr3. subsystems, 1.espectively: "Generate RRE ,rules", "Drag ;11lc1 drop f ~ l e s  ro extract 

info~.ination", and "Modus Operandi Scarch". These subsystcnls and thc system as a wholc wcrc. . 

dcsiglled using Rational Rose. A usc case diagram of thc BPD-IE Systcrrl includil~g all lhrcc 

funct~unallt~csI \  d e p ~ ~ t e d111 F~gure6 1 


T l i c ~ earc ! I \e ou r \~de  'Icror\ I I I  tlic L I Wc,iw r h ~  ;IC 1 0 1 
I I I ~ I C ~ I I ~ ~  IZulc I>c\ C I O ~ C * I  111c I.Z11 

the Delect~ve. the G J X D M .  anti rhc 13I7D-113 d,~[,rh,l\c 14 riulc I > p \ ~ ~ I o ~ ~ c ~L I C ' I I ~ ' \, ~ L I O I  

~ n l o ~ r n a t ~ o n  u\cd In thc f7e , l~u~e  extraction K R E  1ule4 that ale ~ ~ i i p l ~ c ~ ~ l y  I:xt~acto~Thc TMI I \  

the T e x ~  M i n ~ n g  Infrastructuie thal p~ov~ t l ea  pleplocessllip fullct~c)nr such a \  sentence boundary 

derect~on, tokenlz:it~on, part-of-speech tagglng, and other s ~ ~ i i ~ l a r  A 12etect1ve canc a p a b ~ l ~ t ~ e s .  

pcrform both ~nformation cxr~action 3 r d  conduct lliodus operandl search Thc GJXDM and Ihc 

BPI>-IE clatabascs alc uscd to Atorc a11 tlie o r ~ g ~ n n l  rcxtual data, cyslctn fllcc. and fcaturcs 

cxt~actcd I ~ o m  tI1c I I I V ~ \ ~ I ~ A ~ I V C  databacc i x  thc data source uccd by thc ~ C P O I I F  T I ~ cBI'L3-IE 

Modus Opcland~ Senich subsy4icn1 M1c d1\cus4 the details ol c'ic.11 of thcke f u ~ i ~ l ~ v n r ~ l ~ t ~ c \  

( b c h n v ~ o ~ s )  \ecrlonsI n  thc fol low~ng 
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Figr~rc6-1: I;sc Case diagraln 1'01- thc IIPD..IE Systelii 

6.2.1 Generate RRE Rules 
Two component, are used togelher to help [he Rule Dc\leloper actor (a hiltnan user) Lo 

create irlforrnar~oll extractloll r~t lcs  The f i ~ s t  component 1s the TrnlningSet Developer. whrch 

prcparcs a tra~njng set for tllc Rule Devclopcr actor lo label. Thc sccolid colliponcnt 1s rlic Motlcl 

Builder in whicll a pl-ogl-am nutc)matically d~scovc l .~  c.u~l.;it:tion~ i t l ~ : c  ; I \i r~f 'or~n;tlio~~ c x p - c s c ~ l  

Kcduccd Kcgul;~~ Exprc\\~c)n\ fro111 thc 11:1111111g '1'111: S C I  C.OIIIC*\C'I I r i l l l l l l l t  ~ ' o ~ ~ l c l  11o111~ I I c ,  

'I'rnlntngSct Dcvclopcr or other sou~ccc  For cxamplc, thc Kulc Uc\,clopcl~ ~ictor rilryiir cllrcc.rly 

I~ibelsegment\ in  a CiJXDM XML file. \Yc \&,111 cxplaln rhc.\c two con~poncnls In dc,t,iil 111 

czciit~ns6 2 1 and 6 2 2 

6.2.1.1 Trainingset Developer 
Thc T ld~n~ngSc t  a usel ~nlcrfacc ro help rhe Kulc Dcvclupcr ticror tcrDcvclupcr ~ ~ ~ u v i c l c s  

labcl thc ilalnlng set. 'l'o begill. the Rule 1)cvclopcr actor drags and drops tralnlllg files 01 fllc 



fo lde~s  onto the RPD-TD eye icon, w h ~ c h  I \  located on he de\Ltop of he L I \ C I ' +  compLrter - T l i ~ \  

auto~nat~cal lylnvohes tlie Collecrlon Bullder to plepl ocess the Iralnlllg dald When thc 

pleyrocessrng is trll~shccl, the f ~ l e s  In the trrllnlrig set have bccn s e p e n r e d  Mearlwhlle, the 

'I'rainingSct llevclopcr rcrzds in all rclcvant Scat~~rc 	 a data source types and ;issociatcd labcls fro111 


indic:itcd i n  thc systcni configuratio~l. After ill1 segments, labcls. and fcarurc typcs arc lino\vrl, the 


Rule Developer actor assigns a CfeatureType, Label> pair to each scgmeri~ according to their 


' domain knowledge i~sing the user interface provicled by the ?'r;iiningSet De\.cloper. 1;in;~~lly. a11 


Iribeled seglneuls are saved in the BPD-IIJ da~abaseor i n  a (;JSDI\/I XML- I'ilc. 


6.2.1.1.1 PI-cconditiorrs 
Whcn ;I Kulc LJcvclopc~ actor drag\ and dlopj  douunlc~lt+ 	 I ) < \onto the' ' l ' r .~~n~ngSct c'lol7c1 


tllc documcnls must ~ I I - s t  bc convcltcd to p l a ~ r ~  tolnl I S  accompl~shed fol MSWord 
text T h ~ s  


docun~ent\  by the Invocation of an a u t o ~ n a t ~ c 
file convertel plov~ded by M~crosoft  ds pall ot t h e ~ r  


Offrce S u ~ t e  For older for~n'it I'llej lo1 wlilch 111) automatic collver\ion ~rt111ry ex~s ts ,  [lie il\er 


nlust con\'ert the tormat of tlie 1npi11 documents into plain text rrldl~iially This sLep can be 


co~ilplcted by uslng a "Save As" ful~ctro~l 
111 ally ho ld  proccsso~ 

6.2.1.1.2 	 Class Overview 

As depictetf i l l  F ~ g u r e6.2,  there are 16 classcb 111 thc Tral~lingSel Dcvelope~: RPD-IE,  


I3PTI -TD, C o n f ~ g u ~ . ~ ~ t ~ o r i ,  T)ctcct~\eRcpo~t.l l ( > ~ l ~ ~ ~ i t > ~ ~ t .  I ' r > l ~ c c I n ~ ~ ( l ~ ~ i t l i ~ ~ ~ ~ ~ ~ .  

OldWnrdPer fcctI.2cpo1 r .  Scgrnc~lt. c. I(ic1 'I I I I I I I S I  I ) ' > \  ~ ~ I c ~ l x ~ rT-cat~~r ('ol1cc11or~Hr11 


RKEGcncrator. Lnbcl. Storngc, 01)EC. and CiJ;YL>hlC'or~~~cclc~ 




all configul-ation illformollon froln n flic and mlricves f'ilcnames from o s c ~  inpot All 

cur\figuration infosn~ation is stored In a Configur:~tion ob,jcct. The conf~gurdtion i~li'ornlnt~on. 

filenames. ctc arc accessed i n  all subclasses of BI'D-IE. 

'l'hc BI)D-'l'L) clab\ lnstan[i~le\ Ihc 7'rainlngSet Dcvclopcl bccduse I (  contain\ thc maln 

function myMvlain0. 

RKEGenerator 1s d super class of Trainingset Developer and ModelBu~lcies. RREGener'ilor 

collLLun\ all featnre type< "id associated lnbels. The erltlle tralnlng d,11;1\e[ 1 9  \tored In [he dclta\et 

attrlbure of T~~tlnlllgSctDeveloper RRF,C;cncralor ilws h o ~ h  thc Scy~ncnt , ln(l  I,.ihcl ~ l , i \ s c \  

Tla~nlrlgSe~Ilevelnpc~ Intel(~st\ wrlh  thc liillc I I I L .  1<11~iI)evclopc~ .iC~or to colnpli*~c \i.:_'rllcr~~ 1111:: 

task 



Deiect~veRepolt, Pol~cel i ic~dentRepo~t  n11d OldWordPe~fectReporr ale \i~t)clasw\ 01 

Doculnent Each subclass coutarlls \owe atlr~bures 5pec1flc ro ccrrdlll ~ I O C L I I I I C I I I  types L I S C ~I)y 

RPD invcbtlFators sucl~ a5 dc t cc r~ \ e  Icporr$, pol~ct: ~rlc~tJcn[ rcl)ort\, o r  0 1 ~ 1  M'oicl I'L.III,~[1cl>o11\ 

t l ~ c  1111or I'I'hc lloculncnl clnas cunrnln4 rno\t of 111'1tlor1c ' l , i~c ' ( l  lo , I l l  IIl\ri'\il;r'llor ' \  111)o1I 1 1 1 1 \  

1nfo1 r n C ~ t ~ o n  111cludcst hc origlllnl icxr of t l~c  report, ilic $cgrncrll\ arid 11'1rt -of-\[)c~c'cli I,\,!!\ 0 1  I l1ch 

ollg~ndl tcxt. etc. 

I-zature and Segment do not conri~ln method\ ( I  e , they ale a k ~ n  to C slruct\) The Feature 

clahs is u\ed a4 a \tructure lo keep ,111 ~ n i ' ~ ) r r n ~ l ~ o nrelated to Seatules ex~racred from the o r ~ g ~ n a l  

text. I ,~hetv~se, ~llr:Segment cl;\sj contains wglnenl related l n fo~ma t~on .  

C;.IXDMCon~lector ; ~ n d  ODRC are \ubclasses of Storage. GJXDMC'onnccror IS used to 

~ ~ c c z s sGJXDM XML, file baseti on the mapping bctweer~ feature type and the GJXI>M l~brary.i\ 

OI>RC: is a bridge bctwccn the systcm :111cl thc RT'D-IE database. T l ~ c  virtual mcthocl~ 

~nscrrl)ocumcnt(), ~nscrtl)ataSct(), rcadl>ari~Sctt ), and s c a ~ c l ~ M O ( )  c1'1\5 ~ n u \ t  I ~ C111 thc S t o ~ , l ~ c  

~niplc~ncnrcd111 tlic ~ u h c l , ~ a s  Only thc ~nscrtl),~taSc't() I I I L ' I ~ I O ~ \. ] Iclrlcl gctk1.1-ol hlc\srll;lc( 1151.11 

6.2.1.1.3 Inter-action View 
In this scction. wc explain how the 16 classcs ill F~gurc6 2 interact with cacli 6~ l l c1 .  \Vc LISC 

both a sequence diagram and a collaboral~on d~agram to il lust~~jtt:  The \ecluence the Interaction 

didgrrtrr~ depicting the clevelop~nent of a training set i \  shown In Figure 6.3, and 1-~gurc 6 4 1s the 

collaborat~on dlagram ol rhe Train1 ngSet L)evrlopzr 



:.-
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Figlire 6-3: Secluenre diagl.;~tn01' Ihe 'I'riliningSet Developer 

Ah noted previoudy, 10 i n ~ t ~ a t c[he procehs the Kulc D c \ ~ l o p c r  aclor rriust drag r~nddrop ,111 

training documents onto Ihe UPD-TD.exe Icon docunicnr5 call hc loca1t.d Nocc that all t~-a~ning 

in a single folder, and [he Rule Develupcr 'iclor can urnply drag ant1 d ~ o p  ttic foldcr 10 111c Icon 

instantiated. The RPD-TD ob,jcct reatis input doculnents Inro Doc~rr~~cnl Sccorltl.ol~j,lec,l, 

documenls are seglnented by the Collection Builder that calls TMI librill.)/ functiorls to pc=rf'c)rrn 

scntcnce bounclasy dctcction. After- doct~~rrcnts nlc scgmcnrcd, scgii~cnts arc passcrl to thc 

TrniningSct Dcvclopcr. Mcanwhilc, all possiblc fcalurc typcs and thc associated labcls art: read 

11110tllc program. Thc Rulc Dcvclopcr actcu. rrlust tlicn asslgn o w  <Fciitui.c'l'ypc, I,abcl> p a ~ rto 

each scsmznt; mullipll: labcls per scsrncllt arc not \uppo~-tcd111 the currcnl syskrn. Ncxt. 



segments laheled are saved into the BPD..IE database o ~ .a GJXDM XMI, file 1111.ougha Stosaze 

ob,ject (RPD-IE storage \ria ODRC is not pictured in the cliagsa~ns since i t  is similau to GJXDM 

storage). Finally, ill1 acknowledgemcut message pops up to ~nfc)~.rii the Rule Developer actor of 

any cssors or to indicate succcss in savinf the labclcd training data. 

Figirre 6-4: Collaboration 1)iagrarn of lhc 'I'rainingSet IJevelopc~ 

6.2.1.2 Rlodel Bt~ i lder  
The semi-super\/ised RRE D~scovcsy algos~thrn is conta~netl In the bloclcl Huildcs 

Moclcl Buildcr gencl-ntcs ~irlcs l'or rllcsc fcaturc type5 c~u[o~n, l~~c; i l ly .  anti rlicn jtoru5 tticsc I u lc \  1 1 )  

n databasc nl CJXDM XMI, filc for fu~urc  usc hy  thc Fcaturc Ext~dctor 



The Model Ru~lder  requires a ser o S  trulnlng clata [hat is segmented and labeled. The 

l ra~ning set coulti be the output of llle T ~ a i n ~ n g S c t  o rhc~  \e~rilelli,i~lori Ilevclol)e~ A l r e~na r~ \ c ly .  

;\lid labetlln? nlerhods could hc ut1117ecl For Illhrallcc. c o ~ ~ l t l  \111,1ll I)logl.lrn I OL I \ L . I \  \4r11tX ,I 

6.2.1.2.2 Class O~jcrsie,v 
Tl1el.e are th~rteen classes In thc Model R u i l d r ~  RPJI-IE, BPI)-MR. C o ~ i f i g ~ u a t ~ o n .  

ModclRuildcr, Paramcte~,  RREGellcrator. Seglllent, I.abcl, Rulc, Elcmcnt, Stnsagc, ODRC, and 

GJXLIMConncctcr. A class diagram of the Modcl Builtlcr is in Figure 6.5. 

BPD-MB IS a subclass of BPD-IE BPI]-MB coiltalnt thc only m:~i~i t'unct~on In the Model 

13uildcr. T h ~ s  m:~infunction, myMaln(), conuol\ thc t'low o f  cxccutlon Ir uws r11c Modcll3tiildcr 

class to gcllcratc informarion extrncuon rules (licducccl Regular Exprcssiotis) and s r o r ~ sthc rulcs 

using the Storage cla\s. 

MoclelRuilde~I S  a subclass of RRE(;elle~ator illlo \ Y I I I C I I  llic lahelcd tl.alnrli2 \cl ,111d Ic.,~ruic 

types are preloaded. In ModclHu~lclel, all rulcs at: gencr,ltccl b:t\erl 011rhc tl,tlnlrlg \c'l I I ~ c I ! I I , I I  

r~ i le  list 1s saved ils a rille f ~ l e ,  w ~ t h i ~ lCJXDM, or ill the BPI1 IF. dr~taba\c. 

Kule 1s a class that contalns thc clctails of '1 r~l lc .'Thc Kule cldbs conslsts of Elcrncnt objcctc, 

and Rulc is crr~becldccl i n  {lie I\/IodclUuildcr cl,\ss Tllc Pa~arnctcl- class iilcludc.\ ,111 pc~rnrnctcrs 

uscd in [he  Model Builder. I'hc para~neters a1.e stored in the trainingParamcters atrrlbure by [he 

Moclel Builder. 

GJXDMConnector and OD13C wcre discuswd pre\,rously In  Secl~on6.2.1 .?. Only lhc 

reatlDataSet0 and gelErrorMes.\age() behaviors (inelhoclhj are used In [he Model B u ~ l d e ~ .  
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Figure 6-5: C:lnss diagram of't l ~ eModcl Ruil(lcr 

6.2.1.2.3 Iiztel.action View 
Thcrc arc two ways to Invoke the hqodcl Rulldcr 'Thc f~rs tmcthotl I S  to (Ira? i lnd tlrnp 

GJXDM XML fllc(5) onto 11lc UPL)-MI3 c\c Icon l'lic h/lo(lc,l 13u1ltlc.1\ \ , I I I  lllc~l 1 : _ ' 1 1 0 1 i ,  111i '  

C;lXI~h.Isctrlllg\ I I I  thc co~lf lgur:~t~on 1111)ut X\11 I I ' I I I I I I I ~  \L ' I  111 , .TIIL*.  ant1 u\c3 t l l c  I ~ l r ., I \  t I ) c  

second method 1s 10 p~ovidl:a GJXLIM XML lilc nilmc 01 O L l L 3 C '  \cltlng\ 111 tllc. i c r n l ~ y i r l ~ ~ t ~ o r ~  

file and ~ O L I ~ ~ C - C ~ I U ~  iconon llie BPD-MI'.cxc 

Flgiise 6 6 1s the sequence diagsan~for the ti15t method (the second method 15 nc'lrly 

~ d e ~ i t ~ c ; ~ l  F~ l s t ,the RPD-IE and plepdres input:uld 1s 11ot \linwn) reads syflern c o n f ~ g u r n ~ ~ o ~ s  

file names ior the BPD-MR, I n  w h ~ c ha MudelRuilde~object 1s lnslant~itled The hlotlelBuildcr 



ohlzct lend$ Iri  the t e ;~ tu~et y l m  and ~ h r  luhcled Irrililrlig \et tlpon ~ l i cI n \  oc, .~ t~onol  rhc 

RI iEGcnc ra lo~ '~  uses ~ h c  rncll~ocl outl~netl dbo\/c 1 0colistructor I t  the Rulc Gencrrr[o~ actor 111h t  

Invoke the pr'oglnm, RREGencratol reads tltunlrig darn frorrl thc ~nput  XMI,  tilz(r) usrlig ii 

GJXDMConl~cctor. Othcs\visc, 1iKEGcncrator acccsscs a Stor,~gc object to rcad this t1alnlng data 

cltller from an XML fllc or via 311 0L)HC corlllcctio~i. Trailling p:u-arnctcrs arc Ioadcd II I  rlic 

conxtsuctor fol MoclclBuilder Follow~ng this, [he Motlcl Buildcr generates ~nformnllon 

extraction I-ules uslng severdl l)rl\nlc niethods F~nnlly. thc rule\ g c n e ~ ~ ~ t e d  ( I I ~ :sdled u511ig ellllc~ 

RPD h.!R --...- G~,<,),,I ~-'!!$C~!BU!'~!~! HgloGJXOIJ-
Rule Drvrlojfi C,unoiec!or -

-. 
prcp.1.e lrue .ind I.alse selb 

.., qenrr.ilc RRF rules 

6.2.2 Drag and Drop Files to Extract Information 
This 1s wh~cha Dclcct~vc 1s i r ~ v o l ~ e d .  onc of the niost ilnportant bchavlorc; 111 A bl-lcf 

summary 01 the bchavlol I S  a \  follow\ f~rs t .d Deteclivc drag, ,lnd drop\ f ~ l c ( \ )  01 fi1c l ; ) lde~(\)  



onto [he  RPD-FE.cxe icon. T h e  RPD-FE will c:i11 rhr TMI library to preprocess rlle ~ I I P L I Ifiles. 

Following this. a Featusc Estraccor is used to au~orn;ztitally cxtracr f ca t~~re s  i iS  s i i s l~cC~ 'ssi~cll ;i 

pl~ysic:~ldescriptioll and modus operandi ~ I . O I I I  all t ' c i ~ t u ~ . ~ : ~  ;111(1 thethc files. Finall!/. cxt~~acrc.d 

6.2.2.1 Preconditio~ls 
All input Siles must be e ~ t h e rin plaln text or a known file Sorlnat. O l h e ~ w ~ s e ,  the methods 

det;i~let1 i I I  Sect10116 2 1 1 describe how to rnarii~ally convesr Input 111to pldlii text f ~ l e l .  

6.2.2.2 ('lass Ovcrvicw 
'Thkrc arc c~ghlcell classcs rclatcd lo t h ~ s  heliav~or: BPD-IE, BI'D-1;E. Document, 

DetectiveReport, Po l~ce lnc~denr l iepo~l ,  OlciWurdPerIecrReporr, Featule, Segment, 

Co l l ec t~onRu~ lde~ ,  FeatureD~~covei. ,  Ses~nlFeatureExtsactor, Par;iIlelFcnt~~rcExt~acro~~, 

Cont~gura l~on ,Iiule, Ele~ncnt.  Stordge. GJXI)MConnccro~, c l ~ ~ ( l  11L I J \ ~  I \OIIRC (j1~1g1.1rn 

dt.prctctl I I I  F ~ g u ~ e  0 1  ,ll)l)cn~l~c.c-\,111(1 1.6 7 For rile dc~ ; i~ l f  c'1ct1 c.l,l\\. pleCl\e + ~ - c  I )  

docun~cnts.  Scr~alFeaturcExrractor uscs ,I loop ro h;indlc docurnc~l[s orlc by olles c q u c ~ ~ t ~ a l  

Par~~llelFeatureEx~r;+ctos rnethodhandles clocurr~ents using a lnulti-rhreaded proccss 'Thc \/i~,tunI 

cxrractFeatuses() in class 1;ea~ureDiscover must b e  irnplemcnted in the subcl~iss. 

To unclcrsrnncl the class diilgriim properly, it is necessary to clistinguish herween a class and 

;In ista tan ti at ion ol' a class, terlned an object. A single class can be instantii~ted multi~>le t i~nes,  

psc)ducing multiple okjecls. In what follows we ilisci~ss several such objects. 
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Figirre 6-7: Class di;~gr; in~ 1nfornl;ition"of "1)rag and Ilrop Files to I'xtract 

'Thcl-c is ollly n sir~glcCnllfiplrat~on013~je~tfor a glvcri I3t)I)- t;Il ohlccl 0 1 1  I I ~ ( .  o~liclt i ; ~ r l c l  

,I slnglc C'onflgurarro~icdn  bc u\cd lo I I I I I I , I ~ J L Conc ol I ~ I O I CI3I'L)_t.l2 ob1c,t1< 1 ,ILII 131'1)_1 1 

objcct can process one or Inore Document ol)jccr\ ( 1  I: . ic])otr\) 1:ach Docutnctil oblcc'r, l ioucvc~,  

must be proceshed by only r i  slngle HI'D-FE oblzcr In  orcler to prevenr proctl\s~npthc \'lrne 

reporl twice. Eacli Document ob,ject contalns 7ero or more 5egments and featurek, and each 

segment or feature maps to the given Documen~ob.lect. Each BPD-FE object currespontls to a 

slnglc: CollectionRullder object and a single FeaturcEutrnctor object I,~kew~se,all teatures are 

extracted using vniy R single FeatureExtractol ohcct I-lowc\lc~,all rcports (Docu~ncntobjccts) 

1"-ovidcd ~nthe iiipu~arc prcl~roccsscdby '1 singlc Collccttolll3ulldc1objcct Each Stol-ngc r)l?lccr 

mailto:@.,II~~I~.I~;,~~~~:..~~I~III~
http::,~..I.IA,,,,
http:&e~r,pw,~~~~,,ct~a,qt.51
mailto:!3@0cl.~


is associated \vitli a siliglt: RPD-FE ob,jecr. I n  addilioll. ill1 ~ \ [ I . ; I c I c ~ . ~~ ' c ' ~ [ u I . c s  lor- all D O C L I I ~ C I I I  

vb,jccts are slot-ed either in a singlc GJXDM XMI, file 01.in the HPII-IF, tla[ab;isc rhrougli a 

siligle G.IXDMCo~iliec[or or ODRC ob,ject. i\ dyriarnic inter;iction view of' this belia\/ior. is 

portrayed ill thc following section. 

6.2.2.3 Interaction View 
In tllrs sectlon, we descrrbe the "Drag and Drop I;~les to Exh-act Information" behavior over 

t ~ ~ n e .A sequence hagram of  this behavior is depicted in F1gu1.e 6.8 A collaborat~on (hagram 15 

portrayed in Figure 6.9. 

Plf.fldre dala 108 O IXOljl 01>~.1111011$ 

Figure 6-8: Scqucncc diagri1111ot' "Drag aiid Drop Files to Extract Inl 'or~natio~~" 

The user call tirag and tilop 111put ~cpor t s ( s )  onlo the BE'II-FE.exc Icon (1) ;icu\/atc [hc 

RPD-FE's nialn procedure to ~nvoke  the "Drag a l ~ dDIop F~le:, to Extracl 11ifo1-rri;itlon" betl;i\lio~ 



I r  hhould hc noted lhnt mult~plc I1lc.5 c ~ l l  be llr.~gged nnll tl~oppcd .Ir  I I I I I C '  o11crlw \ , I I ~ ~ c  S I I T ~ I I , I I I \  

UI  mole flle t o ldc~ ,  can be suppo~ corlta~llcdIn ~ ~ ~ l ~ l o l ~ l c ~rlic Inpul Iol~lcr \+ 1 1 1  hcred. but t ~ l c <  \ 01 

~grlorcd 

Inlrlally, Docunlcnt objccts ale ~nc t~nt id tcd  flu111 the 111pul rcport(s) 'l'lle [cxt ol thc rcpo~t  

I S  stolcd in the 01ig111~1lText oblcctattrlbure of each Doculncnt objccr. Ncxt, n Collcct~onUu~lsler 

l a  1nstdnti;ited T l ~ e  Document objccth dl-e passcd to the splltScgn~ent() and the tagPOS() neth hods 

ol ttlc Col lec t~o~~Bui lder  Sol preprocessing. Thcse methods call t'unctions i l l  rtlrobject 'rM1 

I~brar).to perform sentence houndary deteclion, tokeni~ririon, and past-of-speech 1,lgglng Alter 

the preprocessrtig I S  complete, all Document ob~ec ts  are relul.ned lo the BPD-FE ol>jjectl\ main 

procedure (Sroln link 1 to link 1 1  in Figure 6.9). 



r~iformalion extraction rules. Next, the Document ob~ecl4 are pa4sed to the 

Ser~alFeaturcExr~actorobject the P a ~ ~ l l c l F e a t u r e E x t r ~ ~ c t c ~ ~ ~or objecr. 2nd Ihc ehlldclFeilttllc\() 

method 1 5  ~ n \ o k e d  to cxtlact I 'eati~re~ fro111 all the r>ocun~cllr ohlccc4 f c , ~ r ~ ~ r c r  ;Irca, \ I 1  ~*urr.icrctl 

'I'he final step 1s to \tore thc cxtrnctcd fcaru~cs In rhc BPD-IE dCitc~bdsc ;I CiJXLIM Xh4L01 

f ~ l eA (;JXDMConnector object o l  an 0L)UC objecr 15 ~nslant~dleil  procedure. of the In the I I I C I I I I  

BPD-ITE ol~ject.  The C;JXDMConnectur o~ ODBC object ~zurornutically accesses tile 

cor~espond~ngdata storage All Document objects \\'it11 features extr:lc~ed ale pahsed to the 

(;JXDMC'onnecroi or ODRC: oblecr and the ~n\e~tDoculnent ( )n~elhotiis  ~nvoked  to \ave 

extlactlon result\, i\ l ~ o t ~ f ~ c a t ~ o nmessage 15 [hen dlsplayeti to tllc use1 (from 11nh 15 to I ~ n k  10 In 

6.2.3Modus Operandi Search 

extl.acted trom d~fferent reports The1 e 211c t h ~  cc mcrllocl< ro w:~rc.l~ r~iodti4 o p c ~  ,111(11 '1 11,- 1 1 1  \ I  I \  

to f ~ l lout a .\cClich S o ~ m  manually 'I'hc iilcsst vtre~i used ScCirurc t)pcs locatcd iir 11lcrop of rhe 

fo1-111,and tllere 1s :I incnu that corresponds to cacll feature typc tliat colltalns 1hc most ~ S O ~ L ~ O M / I I  

comlnon values of the particular feature type in question A11 e x t e ~ ~ d e d  supportsearch foim ~ ~ 1 1 1  

add~ t~ona lfc'llurc lypes and vnlues 

The second search merhod IS bd\ed on a seCu.cli-eng~ne~ n ~ c r l a c eI'he d e l e c ~ ~ v c  ~nputx 

keywort15 111 ,l se'irch box. l , ~kea xearch englne, the keyword\ c ~ i nbe ~npu t111 any o r d e ~ .  

Opt~onally, keywolds mciy he preccded by a Ieature type l l es~gna~or  In order to n u l o w  the \cope 



01 tile \e'ilch FOI- c\,imple. "Age 15" \ i ,o~11~i  \cope of \~ ' , \ ~ r . l l  I ~ I I I ~ I ~ ~ C II I :LI . IOW~ h e  l o ~  ~ l ic  l i 10I I ~ C  

Age f ea tu~e  type h/lillt~l,le tcC\tul.eTypc keywo~ tl palrc nlc pcl l~l~t tcd \ V I ~ I ~ I I Ithe \ a lw  cl~lcl!' 

'I'hk third ~netllod 1s to drag and drop ;In il~\lesrigator's ~-cpo~-t  MO exe I C O I I .onto the I31'D 

l'hc system will automatically fill out thc search form dcscsibcd in the first method using the 

FoatuscDisco\/cr class, which I S  d~scusscd in Sec t~on  6.2 3.2 The Detect~vc can lnaliually rcfine 

the search form. and thcri pcrforrn the hamc I<ind of se'irch employcd i n  the first approach 

dchc~.il>eilabove. 

rel3orts sorted diccording to their similarity with the query. The Detective can zoom in to a given 

-l'hc\c le'~turc\, nlollg w ~ t h  rI1c11 contcxl In the o ~ i g ~ n a l  Icl>ort+.,uc ,iv,i~I,~l~lc.lor h lod~l \  O ~ I C ' I , I I ~ ~ ~ I  

Search. 

6.2.3.2 	Class Overview 
'I'hcrc arc 18 classcs i n  thc class diagram of thc Modus Opcrandi Scarch bch'tvior (Figure 

6.10): BPI)-IE, l3Pl)-MO. Document, L3etcctlvcRcpor~. PoiiccI~~c~cie~itRcport,  

Old WordPerfectRepc)~~, Feature, Scgrnent, Conligurat~on, Collcct1onBu1ldes, Fe~tureDis x v e r ,  

Sc~ i ; i l I ' e a~u re I~x~s~~c to r ,I - ' L ~ r a I l c l I ~ e a ~ ~ i ~ - c l ~ ~ L r L ~ c t o r ,Rule, Illcment. S to~agc .  ODUC, and 

(;JXDMConneclor. 



Figurc 6-10: Cla\s d i a j i r a ~ ~ ~  Starchof Modu\ Ol )c~ .a~ id i  

All clabscs cxccpt thc UPL)-MO hn\lc bccli dc{cr~bcd I n  ~ I L \ \ I O U \  \cct~oll\  \ I I  111~<~1loci\  

~c l a t cd  to Moclti\ O p e r a ~ ~ d i  h10 ~ ) ro \~dc . i? I ' I I ) I I I L , I IScarch arc ii~cludcd111 13P1)_;210 t3f'I) ( I  

u3cr ~nterfi~ct:to ol>t,~in input I1u1i1 rlle ujcr A i  ~ ) I C \ I O U \ I ~  11  1 i ~ \'111 L ~ ~ ~ o - I ~ I Id c s ~ r ~ t ) c d  

lunct~onalityha^ uses thc i n p u t  rcpolt lo S111 out lhe sed~ch  folln au~onldllially tor the uscr A 

I'u//y search method, MOMalching() ln DPD-MO ~nvokes  [lie se;\rchMO() method in the 

Scorage class to complete tlie warch Search ieiults dre {o~ced and then dr3played to the 

Detective u m g  the sJfstern 



6.2.3.3 Interaction View 
F ~ g u r e0. I1 I \  the secluence diagrarli fol 111e rh~rd  method of modus oper:~nd~ 4er11.~h,411 

~ n v e s t i g a t o ~ ' ~  dragged and dropped onro the BPD-M0.cxe 1co11 Ncxl, the \vsrcln goe5 leporl 1s 

through the entire plocess of ~ n f o ~ ~ l ~ d t i o nextractton (dercilhecl In  Sectroll 4 2 2 )  to extract 

fcatll~cs, \vhlch ale I I S C ~to t ~ l l  0111 the modus upcr;31lcl1 s c a ~ c h  fo1111 Follo\v~ng t h ~ s ,  tI1c u s c ~  ~ ~ 1 1 1  

review tllc scnlcll lorn1 and call, at tlic~roption. modify some ot rhc scalch ficlcls Afrc~  thc 

Dclcctivc c l~cks  thc search button on tlic scarch form, thc scalch fotiil Ir convcrtcd 10 all SQI, 

search command hat is uscd 10 search rhc UPD-IE dalabasc. T'hc search rc\ult\ arc docu~mcnt\ 

clril7layed to the Dcrc~ . r~ve  The Detec.r~vc cnn ,iI\o Icrrlc\c .In! O I I ; I ~ , I I  C I O L U I I \ L ~ : ~ L  1 1 1to levlcw 

wli~ch tl1ey are interested. 
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Figure 6-11: Sequcncc 1)iagranl of the hlodi15 Opcriindi Scarch 

6.3 Third Party Components 

6.3.1 Database 
The database we selccted for thc systcrll was MySQL, vcrsion 4.0.20d for Wilidows which 

1b a\lnllrible at h ~ t p//dcv.rnysqI ~orrl/dow11lo,~cl~/111~hq1/4 One of the rea4on5 MySQL \\ah0 html 

aclccted as the database 1 9  bcc;~usc ~t ha\ a tree ~ollware/ol)cn bource GNU C;ctlc~;ll P u h l ~ c  

Llcxnxe (comlnouly hnown a \  d "GI'L"), w l l ~ c hc~llow:, w~thout  (Theux Lo use tt l~s dn~ah ,~ \e  cosr 

license is,  located at ht~p://www.mvsc~l.~o~11/~o1n~>:1n~~/1t:r!a1/1i~~n~in~/o~~enso~1sc~t~-lice1~s~.h~1~11.) 



One of'the conditions of' the license states. ''As long as yo11never distribu~zthe MySOI, Sol'rwurc 

i n  any \yay, you are free lo use i t  for powering your application." Ther.efor-e, \vc nei~herd i s ~ r i b ~ l e  

rlor rnodif'y a n y  \;cl.siorl of MySQI.. MySQL. scri,er must be itistnlleil by thc crid user. of our 

softwdrc systc~llon t h c ~ rfilc scrvcr 

'rllc 111ost importClllt rcnson for tlic selcctio~iof MySQL I S  th,~t~t sirppor-ts ilrcr dcfrllcil 

through ODUC connectlona 'T'heretorc, w e  clio+c MyS(;)I, I ~ o ~ l i  corll1ccllon .~ndl>cc ,~ i~ \c  0 1 ) 1 3 ( '  

uwr defined funclions i1I.e I'undslnelital par[.; o l ' ou~ .systelrl design iuid are supported by MySQI,. 

6.3.2 Regular Expression Library 
Regular cxprcssion malching 1s central to the implcmentatlon of our system because our 

algorithm theoretically is hased on reduced regula~,expressions. Without a regular expression 

library, the system will not function. Fortunately, a free regular expression library f'or Visual 

C-I-+.NET is a\!ailable, "Regular Expression Conlponent 1,ibral.y for Visual C 7.1 ." This libr;iry 

is published by Tropic Software East, Inc. ur~der a free licer~se and is available at  

~ I I ~ ~ I I \ I ~ M ~ \ Y . I ~ Q ~ ~ S ( ) ~ ' ~ . C ~ ) ~ ~ ~ / C ~ ) I ~ ~ ~ L I I ~. l i t~n.'l'liis ~ c ~ u I ~ I I .cxprc$sio~l-- -.. ---- ---.-- -- .---. .---. -------...-. . .- -..-..-......-....-...- - ..., 

library supports n~os tPc1.1 rcguli~rtxprcssio~lvpcratorc. Sillcc: our :1lgoritl1111\?:IS O I I ~ ~ I I ; ~ ~ ~ ~ ~ 

des~gnedand ilnplernented uung I'el I ,  1111sregular cxprc+slun Irbr,~ryw , ~ j~) ,~r t l~u l , t r lyu\cl u l  ro u \  

I-Io\ve\!er, this regular expression library only supports ASCII c11;iracters. M't~cn a I'ilc. 

conraining non-ASCII ~~~~~~~~~~~~s such as UNICODE is loaded ~o rlie syslern, our pl-ogl-:Im 

~~utonla t~ca l lyremoves thebe chr~r:rcter+belore operaring any ~egu lu rexpression upon ~ h e n i  



6.3.3TMl Library 
We rtlso employed f u n c ~ ~ o n a l ~ t y  conti111icd111 the Tcxt Miri~ng rnf~,lsr~uctul-e (ThII [A!]) 

Thc TMI is a stlftwa~c sys\crn for rcscarcli 111 Tcxtllal Dara h4itling that has bccn dcvclopcd over 

rllc past scvcral ycars unclcl- tlic d ~ r c c t ~ o n  of 111 MJ~l l~arn  M.  Pottc~igcs The TMI ~ncospo~-drcs 

both cx~stillg and I I C W  capabilitlcc In a reurablc f iarncwo~k c o ~ ~ d u c i v e  ro dcvc lop~~ ig  11c\v tools 

and component\ lor use In tcxtldata mining ~ e s e a ~ c hand dcvclopment 11 prov~des core 1 ~ 1 1  

mllllng c a p ~ b ~ l i t ~ c s  for :I w ~ d c  vallcty of appl~ca t~ons\*la a flcx~hle componenl~/cd a1c111~rctul.c 

The Thl l  atlheres lo strlcl gu~clcl~ncsIha~ allou8 ~t to run 111 ,i \? ,~de langt' 0 1  ploc.c\\tng 

en\ i r~.on~~ienl \ .As a r e s ~ ~ l t .~t ; ~cco r l i~ i l od~~~esI I I C  volume of cornpurrrig nncl  ~ l ~ \ c ~ \ r r v0 1  ~c.\c,i~cli  

o c c u ~ ~ ~ n g111text/(ldta rnlrllllg 

A urllcllre c a p a b ~ l ~ t y  of the TMI 1s support for oprlnllzatloli T h ~ sfac~llrate\ rc\r/datci Inlnlrlg 

I C S C ~ I C ~by ciutomatlng thc scarch fol oprllnal pararnctcrs 111 tcxtldnta mlnlng algorithms 

Another kcy c n p a b ~ l ~ ~ y  i s  suppon for parallcl~srrl 111 botll ~Iiarcil-rncrnory and drstr~butcd 

env1ronlllentc uslng OpcnMI-' and MPI. respcct~vely. 'I'hc 'I'h4I hCt\ been 11censt.d by o\,er 135 

I C S ~ : ~ I ~ C ~ I C Is WOI ldw~de .  both r ~ c ~ ~ d e m ~ cand rndustr~al, and 1s C ~ ~ C ~ ~ l d b l e01111rlc at 

hlrp I lhdd~ c\e  leh~gh etlu 

The TMI 1s used ~n our curlent ~ n f o ~ r n a t ~ o n  extractron system, ds 1nionn:itlon extractron 1s 

an ~mportanl componenr ol tevr mlnlng When oLlr motius o p e ~ a n d ~\ e ~ ~ c l isy91cm m:~he\ uqc 0 1  

b ~ u ctekt minlng lunc~rorlal~I\/ ,  1 1  employ\ thc TR4I For cx,~iiiplc. 11ic T h l l  pClrl0 1  \ ~ I ~ C C I I  I , I ~ L ' ~ ' I  

15  used lo d~jrg11 par1 of hpccch tags lo word\ I I I  [hc Ill\c\llgrllol\ rcpollq I ' \ c  ol ~ l l c  

srmplijicti our systcnl d c s ~ g l ~  ,lnd rmplcrncr~ln~ror~ 

6.3.4 Other Components 
Tlirougliout rlle de\ielopr1ient process, seve~al  colnponerlts wcre do\vnloaded and mod~f led  

frorn a vallety of sources. "F~leIFolder Watcher Wrapper" \vrlttcn by Brad V~nccn t ,  

-- - -- 
-

.--
- ! i - i  



!;.a!~kt~r~~i.c_/-r~l~~rj~~!s~~~n~!i.~:~~~~dlis also used i l l  our sys tc~n .  

6.3.5 Adding Third Party Programs to the BPD-IE System 
I t  ) / ~ N I  wish to add a r t ~ i r c lpal ty prograrrt to t l ~ cBPI3 .IE Systcrn arld you h a ~ cthc snurcc 

codc ~ n c l u d ~ ~ ~ gboth cpp and h t~ l c s ,you can ,idd thcnl 111toone 01 molc of t l ~ ecxlstlns plulccrs-

cuch as BPD-FE 01 BPD-MO, :\nd thcll rccomp~lcthc p~ojcct(s) 

11' you h,~veLL dl1 OI cxe gcncrared undc~Ihc Nk?' irame~vorh.copy ~ h cdl1 or cuc 11lc 

L I W  [lie LOI  rec.t n,lmesp,icc, (und ~n\larlti,tlcoblcct\ . t i  ncclclccl In Y O L I I  c o(lcs 

For eurimple. I I  olle wanted to L I S ~the "F~lcDownloadc~"lu~lc,t~onol " l )o~vr l lo , id l ,~hr ; i~~~', 

one would need to do the tollow~ngs: 

+ Download the source code from h f tp . l lw \v~~codep~olectcondcslia~r~/CoolDow~~lo~lder.a,p 

+ C o m p ~ l eand genelate "DownIoade~I,~brarydll" ~f1lecess;uy 

Copy and pastc Dowr~ lo~dc rL~bra ry1111 to " [TAKCETDIR] \~I I~ \"  

+ Opcn "BPI)-IE slrl" 

+ Add "Downlo'~dcrL~brarytlll" to " B P D - I ; E " - > K ~ I ~ I ~ I I C C ~  

+ At tllc b e g l n n i n ~ ,e g., of "I:o~mI h", add "us~ngnanlespace 13~1tteCodel'rojcci L ) o M , I I ~ o ' I ~ . '  

+ Dec1,~rethe objecl " I ~ ~ l e D o w n l o ~ ~ d e ~* rnvDownlo;rde~= neb\ 1:1IcDo\vnIo~i~lcr." 

+ Code LIP;I call to thc ]nethod " r n ~ ~ l ) o ~ ~ ~ l o , ~ c l c ~-- l>oi~r~lo,ldc~lrI .IrIcT(~rg~>rc ,~ r l cc l I . \ cn~ )' 

+ Deal w ~ t hexcepllolls 



Comj71le "RPD.-FEW project 

Adtl tile "Dow~~lo;tderl..~bl-a1y.tlll" f ~ l elo your setup plolecl 

Recornpile the setup project 

That's i t '  You're donc. 

6.4 Deployment of the System 
Aftcr tlic nlplia vclslon 01' i l ~ csoftwart: \&'as~mplcnicnrt~d,wc ~nstalledi t  i l t  the Bcthlchcm 

Policc Dcpa~trrIcrit(BPD) \wth ilic hclp of 'l'cchnlcian Jonathan pals^. Wc :~lbncnliductcd iwo 

t ~ a i n ~ n gscsslons to te;~cllP O I I C C  C I C I C C ~ I \ J C {  ( ~ n dInvcst~gato~s11ow to L I \ C  thc \ Y \ I C I T I  Wc alc n o u n  

W O I ~ I I ~ ~L V I ~ ~ I131'11 I I I \ / ~ $ [ I ; ~ I [ O I \  to p~ lo tI C ~ Irlic r~ioclu\O I ~ C I & ~ I ~ C ~ Iw : ~ r ~ l t1 1 1  [ I ~ C , I I  I L , ; L I ~ , I I  I O L I I I I I ( ~  

Meetings are held o n  a rcgular basis to discuss the usc ol' ihc syslc~ii,to irist;~lluptl;r~c>xa n ~ lhug 

fixes, aliil to identify ways to irnprovi: the u sc f~~ l~ i e s sol' thc syskln.  C'ul.r.cn~ly.131'13 I I I V C S I I ~ ~ ; I ! ~ I ~ ~  

. . 
are loatling tells of ~ h o u s a r ~ d so l~ jnves t~ga t~ \ / ereports into 11icMySQI, database. 

6.4.1 System Installation 
To d~stl-111utethe syste~nto user<, a setup boo~s~rappzrand an  ~nstaller(RPD-IE) were 

created. The aelup bootstrapper IS a shell that :~ssemhlesd~ffel.entinsrallers 111toone slngle setup 

executable, Setup exe We downloaded the NET Fr(11netcorkVersion 1 1 Sctup exe  Bootqtrapper 

Salnplc Source Codc from f l t~~~ : l l , r o1111crosr2ttc n r n l f \ ~ l ~ ~ i k l l i ~ ~ k ~ d = land ~nodificd thc 

bootstl-appcr lo clcate our own ~ n s t a l l c ~slicll The o ~ ~ g ~ n d lbootstral,pcr c(ln olily ~ n q r i l l lthe Nk,'I' 

Fra~mc\vo~l~:111(i c~.~s[oni~ I O ~ I ' I I I ~ ~OLI IL3l'II-lE , l pp l~c ; r i~o~~ \ .I I O \ & C \ ~ I .  I C ~ I U I I ~i l i ~  h l y S < ) l  

OL)13C d~rvc rI O  hc ~nstallccio n  the Invcstig,tiol's Lolnpurcl '1'0 111(1kcthe I I I ~ ~ . ~ I I ~ I I I O I I'I< ~ I I ~ I ~ ~ I C, I <  

pos\~blelo1 tlic cnd Llscr. wc dec~dcdlo wrllc o u ~o w n  ~rist ,~llslicll b:~sedon ~ l l choorslr-;~l)pc~[hLll 

rncluded the .'MySQL ODBC"' d ~ i v e rinstaller. 
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TI115 1n5rall .;hell first clclects \vhe~Iici NET 11 a ~ n c ~ i o ~k C \ I \ I  s O I I  ~ l l cI ; I I . ~ ~ ' Icollll>(llc>r1 1  I ~ O I  

i t  will insriill ,NET i ' ~ . ; ~ r n ~ \ ~ o r kI .  I .  FoIl(nvi11y tliis, blj/SQld O I ) H ( ;  \ , C I . \ I O I I  X.5 I . O  I S  I I ~ ~ I ' I I I C C I  

Neut, the BPI) IE applicat~oils ale iiistalled, il~cludilig RPT) Ft-, euc arltl Hl'l-) h l 0  c x c  1-'11~oll\~, 

thc "ODBC data source adlnlnlstrator" is autolnatically callcd to allow uscrs to conl'~gur.c thci~ 

A setup project was created using MS V~sual  S l u d ~ o  .NET 1'111s project w ~ : ,u w d  to 

gencrare the UPD-IE installer, which installs [lie BPD-IE on  the t a i ~ e t  compurrl. i ~ p p l ~ c ; ~ t i o n ~  

'The I3PD-IE 111staller coplex filea, modlfles regisrry keys. and creates xhorrcu~s during 

installation 

The ~ns la l la l~on  for thc RPD In f ' o rma~~o~ idetr\lls are descnbecl in "In\tallation Inc~ruc l~on\  

Extracl~on Sy$tem", \vhich 1s ~ i~c lu( lcd  111 Appe~it l~xA in 1111s report l ' l i t :  C I ~ I I I C 'I I ~ \ I ~ I I I . I I I ~ ) I I  

pack:~gc, rnclucling c~t l lcr  the b ~ ~ i a ~ y  source ; I \  ircll :I\ cxccut;~blc\ or ~ h c  lull for tllc p~olcc.~ 

pro~cct docunicntarlon, I S  nv~irlablc dt &~,-//!~iic!~_cc_lc!!i~~c.du 

Aftcr a sc~\ ]c iwas deployed at thc BPD, wc prcpnrcd l ~ v c  clnta f o ~  ucc In t ra~ning tlic 

sy5tcn.l About 3-000 ~ n v c s t ~ g a t o ~ s '  for u  ~ to sreport< wcrc c.trractcc1 and bnvcd 011 tllc s c ~ v c ~  

query l 'he h4ySQL ddtab;~\c peri'o~mancc was opt imi~ed  to b l ~ n g  the qucry rc\pon\c timc do\vn 

lo lea4 thar~ onc sccond for cach ubel qucr) 

6.4.2 Officer Training 
Appendix B. the ttainlrig tutorial used w ~ t h  the BPD, p r o \ f ~ ~ l e sstcp-by-htcp instructions on 

how to li1~11cll the systern and perl'orrn all the necessary user lunctions The ~utorial providcs 

Inhtsuctlon o n  the u\el ~nteslhce ;~ncl \ h o b \ / \  users h o ~ .  to ~rnpol-I files. e\tr,lct Ic,ituic\, \end cl,ll,r 

tralnlng sceliarlos. as well ;I, Info1 Innrloll on the sctup a1111 u w  o l  111~ '\ ) , \~crn  



As noted, we held ~raining sessions for invest igato~.~ a ~ i d  also visit the RPD on 3 regular basis 

to answer any t]uesrions. ~.ecei\/e feeilback, and disc~lss  how the syste~ll is being used so rllar \ye 

6.5 Using the Tool to Solve Problems 
Our tool is dcs~gncd to match u~lsolvcd cascs to solvcd cases. s o  tli;rr d c~cc l~ \ l c$can ~tlclir~fy 

suspccts c a s~ ly .  111 t h ~ s  S C C ~ I O I Iwc hlghl~gl~tsomc of tllc prcl i~n~nnry succcsscs rhnt ha \~c  bccr~ 

acli~cvcd. As the BPD-1E ~ystc111coIltlnucs to be utll17cd b y  tlic I3cthlchc111 POIICC Dcpartlncnt. 

slluntlona lihe lhose 11Ius~1dtcd below can be cxpecrcd to occur w ~ t h  incrcdslng I'lec~~icncy 'I'hc: 

hencl'lts pso\lided by our \ys(cnl arc ~llustratcd nicely in 11ic rwo actual cxan~pl rs  from l ~ v c  BPD 

clald derailed In secllons 0.5.1 and 6.5.7 below. 

I n  :lddition, the RPD-IE system can link affidavits of probrible cause, crirne reports and 

supplements sing search terms such as the criminal's or susl~ect 's name, rcsitle~lce. date 01' birtli, 

etc. This c:i11 aid detecrives in idcnrifying clocurnc~i~s or s u c j ~ c c ~ ~  rclittcil lo ii sjx:cific crir~~inirl \ / t ' ~ \ '  

qu~chly S ~ n c c  5o1ncof thc d o ~ u ~ n e r l l \  \ \ L %  c.111, ~ l , r )  ( I \ L *  1 1 1 ~ .  1 1 1 1 A ~ ~ 1 1corlrnlll Iri:icc[li,lrc. 1nlor111.1r1o11 

Ir.l)orr I I . I \  I I I L O I I L ' ~ ~docu~ncntc to colrcct lh14 I I I C O I I C C T11ilor111:1t10111-or c \ ,~~nl>lc>  i I  ,I c . ~ ~ r ~ l c *  < I I I  

control nulnbe~ and thc C U ~ I C C ~  111 ~t ic \c  ~ c p o ~ t j  nu~nhcrI, lound thc arrc\t rccortl. I ~ r ~ l i ~ n g  

together w ~ l l  allow t h ~ s  ellor to be co~rccted qulte e'lsily 

6.5.1 Imposter Burglaries 
Orlc of thc ~nvcs t iga to~s  had bccn at the BPD prc)vidcd ;1 sulnlnasy of irnpostcr burglaries I~I : I I  

occilrling recently wi th~n  thc C ~ r y  of Scthlehcm A modua opcrdnd~ (MO) Crom t h ~ s  11\t 1s "'drcr 

d ~ v e ~ ~ ~ n gthe people'\ alteritloll. \ubpccLs break Inro 1 1 1 ~homc to h u ~ g l a r ~ ~ e  Bawd on 11i1\11. ' '  h l 0 ,  

we employecl the fol low~ng terl-ns to search o u ~  BPD-IE database. "Watt.1 clepartment", "yaltl". 
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"gay". "city worh". "LJpstairs", "Rasement", "Ra~h~.oom". "K~rclle~l","l,r\ir~ig loom", "Ru~glary", 

"door", and "w~ndow." 

Followrr~g11715, we set the e d ~ t  drstance value to two to ;~llow to1 ~i l~ \ \pc l lcdtelms to be 

c o n ~ l d c ~ c d  'Ills supplc~ncnr rcl~orts Thc BPD-1Eas nlatctics search focused on ~nvcst~grztol's 


syctcrn ~dcnr~flccl arc \ / c I ~  to thc MO dct'~ried b y  ttlc
thc follo\v~ng th~c t :  c ~ s c s ,  M J ~ ~ I C I I  c~rrl~lar 

oltlccr 

Case 1 narcl lies the tcrrr~s "upsrair.~", "briscrncrll". "busgliuy". "sa.;",iillcl " l ~ v ~ n gI-oori~ 

'I'lie case ~nvolveda v i c l ~ ~ nwho srnelled g'is w h ~ l c  sleeprng 'I'lic vrc~rrn we111 clo\irl I O  rllc 

basement and round a natural gc14 conlarner ledklllg gas When the vrc11111 returnecl up\[arr\, the 

vlcllm ti~scovered thrit ~1ie house has been burglarrzeti " 

Case 2 niatclics the [elms "brisen~ent". "w~ndow", "burg1a1-y", and "up\tillrs" 111the c'ise, 

qomc k ~ d swant to rob a trlcnd's housc Tlicy went to  the frictld's homc to talk to h ~ l n ,  and tlic~i 

invited Iirm out of 111s llomc M c a n ~ ~ h ~ l c ,  ;unothcr k ~ d  b u r g l a ~ ~ ~ c dtic llomc 

Case 3 matchcs tcr111s "bath~oonl", "burgla~y", and "h~tclicn" 1'111s cnsc dcccl-rbcs some 

worltcn that carrlc to llclp rlic vrctlrrl to repall- hcr bathroom Al'tcr thc w c ~ k  was corrlplctccl. slit: 

tlrscovered her humc h ; ~ l  bccn b u r g l a r ~ ~ c d  

..1 hcsc cases ;11c good rri,~tcl~cs to ~ l l c  h 1 0  d ~ ' \ ~ ~ ~ l ~ c . dI L, I I C I I I I I ;I I ~ I I I ; ~ ~  ~ I I > O \ C  ~ I I I \ ~ \ I I ~ ~ I ~ I \ L  

tietecl~ves to ~l iese \~ml ta r  caws  they are able to clel\'t' d c c l ~ e ~  \ol\crl c ~ l \ r \Into rhc\c p ~ c v ~ o i r ~ .  

and searcl~ for clues as urell 3s ~ d e n t ~ f y  suspects th21t arc repeal ollcndci s 

6.5.2 Serial Car Theft 
A second invest~garor in the BI'D ~n\.exl~gdtionsunlt proviciecl us a set of' solved cr.lnlea 

connected to d \ ~ n g l e  serial riuto th~ef At one pornt d u l ~ n g  commission of an auto Itief~, he 

cr~rnlnal wal; apprehended Aflel irngcr pr lntlng. the detect~ve d~\covered \ix other cr lmcs 



comlnrrted by 1111s ~nd rv~dua l .  ,Alter analy7111g the cases. the Invesirgator found hey had a srnirlar 

MO:a broken sitle or wing- ~!ini low of the vchicle. This case formeti a n  itleal nlethoci of testing 

our syhteln because we Ilad complete 1nforll1ation about the c i ~ ~ n r s .  

'To tcst our MO tovl, we tlrst inanually cntclcd thc cases I~nkcd  to the sol\,cd case througll 

fingcrprirlt analysis Into thc BPD-IE database. Ncxt. we used the solvcd casc as  our qucry. 'I'his 

produced tlic Iollow~ng scdrch term\ "incident code" with value Idngc 600 ro h(>O; " I I ~ C I ~ C I I ~  

d c \ c ~ipttor~.'\~, l i I i\ ; I I L I C  "iypc u 111cio~ \\ I I I C I O \ \"[IIc~L". 111ol3crry" L ~ J I L I I  \ ~ I I L I C  " b r o h c ~ ~  '. " \ I ~ I L \  ~ 

cl~ld"wlng winclow": "~teni  stolen" vdlue lance $200 io $300, L~ncl rhc prckcncc 0 1al\o ~ n c l r c ~ ~ c t l  

a veli~clt: With edri d15tance set to two, we d ~ j c o v e ~ e d  1'oilr 0 1  ille \ I X  uri\ol\'ed re'1'1l~tI C;ISC\ 111 

our top five results. This ~ n d ~ c a t e s  system I \  I t  1s also that thc BPD-IE functlon~ng 1,ropeily 

worth notlng that the use of tile system woultl have slgn~ticdntly letlc~ced the t111lc reclulred lo 

snlvc tlic crime 

7 Conclusion 
In this C~nlil report, we have provided extensive background on inhrrn;ition exlraction (IE) 

and reviewed sever;zl comlnercial 11; systems. Addrtionally, we have presented a novel semr-

siipeivised, active Icarning informalion extrachon algoriihm tic\cloped as part ol t h ~ rplojecr, [lie 

Reduced Regular E x p r c ~ ~ r o n  [ of O ~ I I~ n , ~ l \ \ l \  r l ~ ~ x,ll::o~-~tllr~iD~scovcry iilgor l th~n  ,A\  p , i~ 0 1  

nnnly7cd s e ~ c ~ a l  ~~c~- to i rnc t i~ ) r c c ~ \ ~  . I I I . I ~ \ , I \ .scoring 111ctr.r~~. i1 [lrlle co~nl~lc.\rr\  , 1 1 1 ~ 1  I ~ ' ~ I O I [ ~ , C ~  

,1.lie so f~u~nrc  of' a dcploycd IE sysicm. the 13PD-IE systcnl dcsign nrld ~rnplcrncnt:~t~on 

sysicm. has also bccn presented in this report. T l~ i s  i~icludes an  extensive dcscriplio~lof lie 

Icatulz exlr;lctron and modus opcrancl~ \ubsysrern\, ~ncluding the dcployinent, rejtlng. and 

rldlnrng work conducreti w ~ t h  the Bethlehem l'olrce Depaiiment A lull vzrslon of rht: \ o f r u d ~ z  

., -2 :  
..* I i t ;.-~. - .. . --..-. 

- ~ ~ 



11~1sbeen rnade a\~ailahle r~ricl coritinue to collaborate wit h [hr: RPDon 111tli://hddi .csee1eIiig1~.ec1uU 

on the prqject to e\ialuate the utility of niodus operandi search. 

8 Future Work 

8.1 Beam Search 
CUI-rently,our. algorithm 1s d greedy L~ lgo r i~ l l~n ,  xclect\ [lie be\( wll~cli mean\ the dlgot~ct~rri 

liRI1 rule ledtned from edch lenrnrng Itelallon for the next step Thr\ hill c l rmb~ng a p p r o ~ c h  can 

become \tuch on a local optimal value. Occasronnlly, thls local opt~mal  value p~oduces  poor le5t 

perfor rndnce 

An altc~liarlvcol lhc grccdy al~orr thni  rc to u\c hcarn sc~, i~~.I i .  I I I I ( I  lo( . I IL \ ~ I I (11 c ; i n  , I  I > L . I I C I  

oplrlii,ll value than ltic slmplc pl-ccdy ,\c;irc 1 1  :I I X ~ I I ~ I  \ ~ ' I I (li htbcl>\ 11 I I I I I ~ I ~ J L . I0 1  I I L \ \ I  l < l < l ~I L I I L * \  

scnrcli. But ubually r r  I S  greater than 1 .  Uxlng rhe triilning ,und l c \ ~ ~ n p  d,ltasctc, :In optrrn;ll ivaluc 

for 17 can bc rcachcd lor an  application. 

We have not cleslgned a beam algos~thm for use wrthin oui. henll-.\irpervlsed r+ct~\,e l ea rn~ng 

nlgol~thm Ilnplemenrlng o u ~  algor~tlinl wrtli the beam algoslthrn a\ a component mdy lead 10 

ever1 better resulls. 

8.2 Unsupervised Learning Approach 
Even tlioirgh serlir-super\~ised le:+rn~ng nntl  actr\'e It.;1r111n!y c ; ~ n  secllrcc hnou1lcdgt> 

cnginccsing cost of IE systcli~s. an l~risupcrviscd nppr.oiicli I S  :~l\\l:~ysrhc ido;~l .;ol~rIioli I O  111~: 

knowlcdgc cnginccring pl.oblc11l 

If onc could d c f ~ r ~ c  wg~iic'rlt\~ C I I C I  I r ln \imrl:~rity functiorl to rricd\urc tllc c,ir~dld,~tc 31c'(l  

our actlve lealn~ng appsoxch (Section 4 5 )  to thc wed, wc belle\lc that we Lan makc thc actlvc: 

1c.iunrng fully automatic. In \ h o ~ t ,  wc wall[ lo rci~lnce khe actrvc s c l c c t ~ o ~ ~  of cnndldntc \cgrnenl\ 

http:sc~,i~~.Ii


with a siriiil;iri~y 1.unclion plus a threshold. Ho\veve,r, such a issimila~.iry function ~ ~ s u u l l y  

tlifficult to ideiitify and dolllain specific. 

8.3 Word-based Edit Distance 
C~lrrenrlv, the RPD-TE system uws  e d ~ t  d~st;-lnct: for 11177~ s t r~ng  lnatchlng W h ~ l e  th15 

method worl<s wcll fnl snmc cases, i t  docs not pc~fol-IT) well i n  cilscs liavlng Iring t lcsc~~ption 

flclds or flclds havirlg dlff'crently-oldclcd wortls. 'To use an  cx:unlplc from pol~cc  Icports. "brohcn 

c ~ d c  ~ l ~ n d o w "  and "pa~sc~ lgc rs ~ d c  w ~ n d o w  b~ol<cn'' appcnr q u ~ l e  d~f'fcrcnr \vtlcl~ ~l lcy alc 

I t  r h ~ scan l ~ e  Instances 11ke those ~ . e p ~ e s e ~ i t e d  ; i ~ ~ ' o ~ i i j ~ i ~ s l ~ e d .  ;ihove w ~ l l  h e  ahls 10hc. nil~tchctl 

more accurately with slinilar fields 

8.4 Distributed Systems 
The burgeoning amount of rcxtual tiara i n  dlstribuled sources combined wlth the obsracles 

~n\lolved In crearrlig :+nd mainta~ning cential ~el>o,~torlt:\motivates tlic need for zffccrr\~e 

d~strlburcd ~nfo l~na t lon  cxtr:~ctionand mlnlllp tcchliiclucs Onc examplc of tlirs 1s In thc cr~rnlll:~l 

justice tlomai~i. For instance, thcrc arc nlorc than 1,260 police J L J Ilsdlctions i n  [he 

alone. As 1~1attc 
. , 

clcrir 11-I'. ( . ) I 'C:omrnonwcal~iiot' Pcnnsyl \~~i~l ia  was s t nk~~ lg ly  i l l  a f ~ c . r n ~ ; ~ r l ~t l~c  

~cl.l.orist at~iick on Scl~tcmbcrI I ,  dif'krcnt Iti~lcls of recol'ils on a ~ i \ ! cn~r~d~\!iclualnlay c-si\l  11.1 

ditrabaxcs I ' ~ - a p m ~ ~ ~ t i ~ ~ i o r l .cI11.1.c.1~cn~ -- type 01' cl;rtn 111 fact. 111~.~.:~llrcclSlarcn, I ) C I ~ : I I - I I I ~ L ' I ~ ~< ) I '  

Homeland Security (DHS) recognize5 that the ~~rolif'eration of d;~rab;lsc..\a n d  acllcmu\ ~n\!oI\!~n;! 

frag~nented data poses a challenge to informatio~l sharing. As a result, tile DHS is promoting a 

"System of Systems" ap]woxh that is based inirially on the creation o t  srarltlar<ls tor 

interoperability and co~i~mu~lici i t ion i n  areas w1lel.e sralidards art: cul.l-cntly liicki~ig 1331. Indeed, 



el'for~s ;ire underway to establisli sta~ldards in scherna integration (e.g.. OWI, (451, c;.lXDbl 1461) 

Nohetheless. even shoultl thcrc. be wiclespreacl acceptance of such standal-cls, the ability to 

integrate schennas autornatically is still an open research issue [37,48, 49, 501. 

An important rclatcd issuc is the fact that cusrcnt Association Rule Mir~irlg( A R M )  

a lgor~t l~r r~sfor rrl~llirig distr~butcd i ln tn  are c:rp;-it)lc 01' 111111111pC I ; I I ; I  01i1> \ 4 1 1 ~ 1 1  I ~ L ,gIol~;~I\ i I ~ t ' ~ i i . ~  

ilcross all databases is known 151. 53. 5 3 .  53. 551. Furthc~.rno~c,c s~s i i ng~ ~ r i v ; ~ c ~ ~ - l : ~ r ~ c s c ~ . \ I n ;  

.vc/lenln, but, rather assurlie that that data inlegsation and recortl linkage hah alreacly been clone. In 

the case of in for~na~ion  extracted from distsibu~ed texrual data. however, no preexisting global 

schema i s  available. This is due to the f ' r~ctthat the entities extracled may differ bct~veen textual 

documents at the same or tliff'erent locat~ons. In s11o1.t. schemas of tesri~wl entitles are I11~hly t l u ~ d  

global schcnia cannot bc assumed and existi~lg d~stributcd ARM algoritl~ms (wlicther p~ .~vacy -  

prcscrving or not) cannot be cmploycd. 

111 addition, ihcsc sarnc cs i s t~ng  d~stributcd A R M  algoritli~ns LII-c nblc to rnir~c as\oci:lt~ol.i 

rule\ only from dlit:i that has been e ~ t l i c ~  or l '~a~~r ic r~rc~c lI \\ c ~ r ~ c , ~ l l yho~~ /on i a l Iy  11 O L I I  

corltcntlon that the rrsrnctlon ro \uch data \ourcc\ 1s ilnnccc\\~11y. ,lncl thar tr\clul ~ulc.\  ( * , I I ~  hc 

n i ~ ~ i e d  local \cliemd\ ,is long ,i\ ~ c c o ~ d ttsom d~verse  databases w ~ t h  d ~ l l e ~ e n t  cLin he I~nhccl, lor 

example. vln a unique key. Ma11y 1nterest1Jig ~ I ~ ~ ~ I I C ~ I L I O ~ S  4 t h ~ semerge 11 one  c o n \ ~ d e ~  approach. 

wh~chw e  term h~gher-order distributed association rule mining. H~gher-ostler impl~es that rilles 

iuay be inferred between Items that do not occul* ill the sarne local database. I n  other words, 

rules can bc interled based on ltclns (eut~rics) that IlliIy never occur togcthcr in any ~ e c o r d  In any 



01 the t11.srr-~buted X I c \ c r n l > l ~ l ~ ~ \  0 1  \ I I L I I  I L I I C \  1 1 1  .Idstalu\c\ hc~ri: nl~llcd 1'1~t11c rhc t I ~ \ c o \ c ~ ~ \  

Allen/Jack Robbery 

In  clatdbase DBl 111 F ~ g u ~ e  5u.specr Allcn waj8 1, thc P I I ~ Irccorcl ~ndlcatc\ rh,~t d c~l~nltri~ll  

cuugh~with 3 shotgun: A differcnr jurisdiction's di~tabasc DB? contains u I-ccord showing that 

Allen and Jack are invol\led in dealing drugs. An investigato~.may surmise that .Tack rnighr have 

solne connection with rhe shotgun also. I n  a third Jurisdiclion (in DR3) there is an u~isolved 

robbery case where the same shotgun was useti. Since .Allen and .lack both ha1.e sorne connection 

with this shotgun, the robbery could hnve becn corn~nittccl hy cither of tlietn, or I.mtli. This is 

prcciscly thc kind of' information that in\!cstig;l.tol.s nccd to itlc~~til'y snspcc~s arid is ;I sigliil'ic;irl[ 

cliallc~lgt- f':~cillg our  Inw t:~~forct:lricr\~ ~ ; I I . ~ I I L - I . S .  



To address this challenge, a distributed higher-order text mining l rame~:ork that requires 


ne~tlicr knowlcclge of [hi: global s c h c ~ n ; ~  I U I C ~ 
no] ,chcrna lntcglatlon ;IS ;I plccurwr to 111111111y 1s 

rleccssaly 'l'h~s w ~ l l  b~lrld on the w o ~ ktllc\ t  l i ~ \alrcild\ kec11 cornplcr~~tl 0 1 1  1111\  plolccr 

Furthcrrnorc, thc framcworl; will bc ablc to Inlnc d~s t l i l~u tcd  lor111 th,\t I \  I I ~ I I ~ I C Itlnto 111 ,I I l y b ~ ~ d  

extracts entities and discovel-s rules based on h~ghcr-ordcr associations betwecn crltlties in 

records linked by a conillion key. 

D-HO'TM requires rwo components: entlty exlraction and distributed dxsoclatron rule 

Inrnlng The entlry ertracllon IS  based on ~ n f o ~ m r ~ t ~ o n  extracllon technique\ developetf ,is p'irt of 

this project Thc 1~11es learned are nppllcd lo ;luto~nat~call) extract en t~ t ie \  Isom textual data rl~al 

describe, for example, crimln;il modus operantli. The entitles extracted arc storetl in loc;~l 

relational databases, ~ l l i c harc ~ n ~ n c d  rnlnlngusing thc D-IIOTM distributed assoclatlon I . L I I C  

algor~thrn 

'l'hr\ \wrk  w ~ l lcvn[rnuc the n u ~ k  uc Il,i\c hegun \ \ / i t 1 1  rllc 13c1lllc~lrr~rl~ I)!I'ol~cc,I ) L - [ ) , I I I I I I L \ I I I  

cxpa~ld i~ lgttlc k prcsciltcd up to .i orllct 111w o ~  licrc lo ~ r ~ c l u d c  l 1u1~ , d ~ c t ~ o n sN O Il h , ~ ~ r ) l ~ [ o l ~  

County. Pennsylvan~w 

D-HOTMI S  (z zxtracrion and d ~ s t ~ ~ b u t c d  hybr~d  approach that comblties ~ n l o ~ m a l l o n  ~ ; L L ; I  

nllnlng Employ~nga novel ~ntormatlon extracllon technrque, we w ~ l l  be able to exudct 

n ~ e ~ ~ n i n g l u lenlltle6 Irom texl in a drstr~buted envtroliment Theu n s ~ ~ u c t u ~ e d  ~nfo~rliiltlon 

exl~;icteti 1s s ro~ed  In locdl clntdbases ill111 a mapplng tunct~oil 15 ,tppl~e(l to ~clcnt~ty globally 

u n ~ q u e l ~ \ c y sHased the extracted ~nfo~-nlatlon, n o ~ e l  D~s t r~bured  H~glier Older ( D I H O )  on a 

dcsocldtlon rule mlnlng ( ARhl)  algal 1t1i1n will be dl~j)]lcd to discover Il1g11c1-order ,issoclntions 

bctu ccn lte~llx ( I  c . C I I ~ I I I C S )111 rccc)111s i~dgrncnted a c ~ o \ s  thc cirst~ rbutctl d,~r,ib,l\c\ 
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11 Appendices 

Appendix A:  I~~s ta l l a t i o~ iInstructiolls 
for the BPI) 1nfo1-mationE'?utl-actionSjtstern 

System Requirements 

Operating System 

Tllc systcrn nrld installdtion f~lcsa]-c testcd only u~itlcrWinclows XP. Othcr Windows 

operating systcrnq Ilavc 11ot bccn Icstcd. and succcscfill lnstallatlorl and usc of t11c systclll ir;  rlot 

guaranicccl on any operaLlng ~ysrcmrxcept XP. 

Minimum Hardware Requirements 

I'cnliunl I11 processor 
3 5 6 M B  RAM 
C:D-ROhl or 1!SR pol-[ 
Keyboarcl and M o u w  
lntcrnel or Intrancl cunneclloll 

Installing the Client System 

For d f u l l  ~~istal lat~on,c l ~ h"Sclu[~cxc "  lo sl,lr[ [he ~n\idllnl~onplcJct,\r (1111\  \ ~ v ~ l l~ n \ \ , \ l l  

thc NET t ~ a m e w o ~ k ,MySQI, OIIRC, and the RPD-TE ,ystcn~) Fol ~nstallat~onol lhe 

BPD-IE systcnl olily, cl~ck"Sctup I I I ~ ~ "IO stdlt tllc ~ l ~ ~ t a l l a i ~ o ~ ~~ I O C C C S  Cl~ck"OK" to 

contlnuc tlic ~nstdllat~on~ t t c lyou scc lhc following pop-up \v~ndc)u~. 



.NET Framework 

'fhc Sctup.cxc prnglan? \ \ / i l l  ,lutonlatically cl~cck wllctllcr lhc: NEI '  ~ I ~ I ~ ~ C L \ J C ) I(wh1cI1 I.\k 

~eclu~rcclto I U I I  BPD-FE exe and I1I'Ll-MO cxe) h'18 hccn ~n\ tal ledon [he t,lrgct ~ornpulel  

sy\tcm. I f  [lie NET framework lid., not bzcn ~ n s ~ ~ ~ l l e d  the target conlputc1. Setup exc wrllon 

~nst,lll the NET Framenork 1 I Engl~sli vel4lon. 

When you  w e  the follo\v~ng w ~ n d o n ,  ple,i\e tollo\rl tlic I n 9 t l  u~ t l on5  to ~onip lc tc  thc NI.1' 

I~amcwor.k~n\tal l : l~~on 

MySQL ODBC Driver 

/Zrtcr the .NET fr;uncu*ork ha5 been ~li\t~illcci.Selup cxc \trrll Idu~icha MySQL OLII3C dr lvc~  

~nst,~llcr.~vhich w ~ l l  instdl1 MySQL OUSC c c ~ j ~ o n  011[lit:3 5 1 9 Tor W~ndows  tnrgcr co~npl r lc~  

IS the targel computer h , ~ san  ~nstalledMySQL ODDC (11~ v e ~ .  k h ~ pyou can h ~ ~ n p l v  1t11.s \tcp by 

clrck~ng the "Cancel" I)u~ton The "C;lnccl" I,ulto~l ~ l i e c t \  the MJ~S(\)~. ~ n ~ ~ n l l , r t ~ o ~ l(')1113C' d ~ ~ v c ~  

only Plea4e do not selcct [hc ' Rclnolc ' o p ~ ~ o n  

Wlien )80u \ct: tI-12 ~ ' ~ I I c ) M ' I I I ~urndo\v. p l c , i ~  lol lo~\  [llc ~r l i r rucr~o~i \  11111411[Ilc* \l\S()Ii o  

OIIRC dl lvcr ~nsral la t~on.  



Sctup.cxc will i~istnll ~ l l c  BPD-IE systcnl nfrcr thc MySQL 0I)BC dl-lvcr illstallcr is f'inishcd 

(01. cancelled). Whcn you scc rhc following wlndou, ple'lsc ~olh)tv the ~nstructionsto f ~ n ~ s hIhc 

This ins~iillat~oninclucic~thc follow~ng\tcp\. 

Copy filcs: I*'11cs necclcci lo run "UPD-I:Ec\cV and "131'11-M0~~c" arc L O ~ I C C I  10 1 1 1 ~  

"IApplic;ltionFolcler]\bin" Solder of the lalget conlputer I n  add~tion. honle supporl I'lles are 

copied to the "C:\res" Solder. Please do not delete rinything i n  the "C.\res" foldel.. Othe~.~vise. ~ l ~ t .  

RPD-IE system will nor flinction propeily. 

Edit Registry Keys: The pl-ogr;+m reqilires that an envlronlnent variable be set. T1~zrefc~r.t:. 

the installer modifies tllc followir~g kcy i l l  rcgistly dur~ng ~nstallntion. 

Note: You must resralt your cornputel to mahc tllr key toaitel- the ~nst~~lldtlon v ~ \ ~ h l c  

application programs. 



Create Shortcuts: Two shortcuts, "Sliortcut to RPD-FEexe" and  "Sho~tcur to 

RPD-MO cxe", ,ire c ~ c , + ~ e d  on he Dejkrol-, I J w \  can cloublc cllch ~ l l c \ c  I ~ l i r ~ i c I ~\ ~ I O I I L L I I \  10 I I I C  

Icxpccrlvc ,~pp l~ca r~o r l \  

Hclp I)oco~nents: 'l'tlls doculncri[ (Instdllnt~on doc) dllil d I L I [ C ) I I ~ ~ J  ( Ht'I) 11;. pl)r) 011I .LIIOIIJI  

thc ~ s c  of tlle I3PL3-IE slslcrn cc)mporicrlts BPLI-I'E cxc and I31'U-MO cxc, arc copled ~rlro tlic. 

"[Applic~it~onFolcler]\cio~'~folder on the target computes. 

ODBC Connection Configuration 

T~ollow~rigcornplrtion of the natall la ti on ol' rhe 13PD-IE sgjtcm, thc "ODI3C da['i hourcc 

,~dm~n~strator"  Under "Syste~n DSN", c l ~ c h  "Add", and then \elect "MySQL OD13CI S  launched 

3.5 1 Dl-iver". llse the .\ralues below to finish installation. 

[Ilala Sourcc Namc] = BPI)-IE-MYSQI, 

[HosllScrvel. Name (or Il-')] = <Your MySQI, sel\/el 's  1P adtlrt.as> 

[Ilatahaw Narne] = RPT>-IF 

[User] = bpddc~no 

[I'assword] = t l c~ i~n[x~cs  


Restart your computer 

Aftcr thc ~l ls ta l la t~on,  111usl icstart yvur co~lipirter bctorc running BPL)-FE cxc oryou 


UPL)-IvlO e x c  


How to run the programs 

= - ------ -- -- -



Retore vou run e i the~  RPD- FE exe or RPD- MO.eue, you lnilcl stalt the I\4ySQIJ server 

progrrtnl on thc server cornpuler. anti your personal fii.cwall 01. system l'irewall Inus1 be 

c o ~ ~ f i g u ~ - e dso that it does nor block traffic rolfrorn tlie server computer. 

Oncc your sysrc~n restarts, t l i c~c  arc ~ M I O~1101.tcutson you1 coniputcI rlchl<top "Sliurtcut lo 

BPD-FE cxc" ,ind "Shol.tcu~to HPl)-hlO.cxc" l ) r :~si l~ l t ldrop pln111 lci t  ( 1 \ 1 1  01 h4S \Vo~d ( tloc) 

file4 oilto rhc " S h o ~ t c u ~  to BI'LI-FEexc" thc \Iior~cur lo \[,lit ~ l i c s I ~ ~ f o i ~ r ~ , i t ~ o r ~or dout)lc ~ l ~ c l <  

C\traction p~ogram.  Dr'lg and d ~ o p  pla~n texr ( [ X I )  MS Word ( cloc) f ~ l c \  r)llto tllc "Sl\o~rcut IO 

13PD-IT exe" or double click the shortcul ro star1 the Modus Operar~ t l~  Search progr~lm 


I'lea4e consul1 h e  tutorla1 In Appendix R Sor a d d ~ t ~ o n a l  
de ta~lon thew appl~cations. 

How to Uninstall the Programs 

You can unrnstall BPD-IE u\ing thc "Add and Kcnlovc I'~ogr:~ui\" rool. Slrnply 1oc;ltc 

BPD-IE in the 1141, and then c l ~ c h  thc "Kcmove" bulton lo un~n~t , l l l11.  "My0L)UC" o r  

"Mrcrojol't NE'I' fiC~mc\vol I I rhe "Add rind IXcmovc 1'1 o g ~ a ~ i i j "k . c~lnhc rcmovcd t l i ro~~gh tool" 

; i j  well 

,\1101Iict \4;1~, to renio\e 13PD IE , I ~ I C I  1 5  10 I L I I I  SL*I( I I )  . I C < I I I I  L I ~ L .Y l ~ O l ~ ) l 3 ~ '  c \ c  S ~ ! L . L I  

"liemo\ie" option and follow [lie ~nstructron\ to complctc the ~ ~ n ~ n \ t . d l  proccs\ 

C)ue\t~on,\or comment4 on the TMI BPD-IT: may he direc~ed to \~~ l? l , o~ tV? t~n~  rdu.Ieh ic l~  



Install the  Server System 
Yoir need LO ~nxrallMySQI, database. conf~gure you^ pe16onal t ~ ~ e \ v a l l ,  cleate d,rrnb;~se i15er 

account, rind ~ n l l ~ ~ i l r / c  the tlntaba5e The serbel system can bc I i ln  In the same computer tblth the 

cllelit, or 111a drffelent computer. The server 5)stzrn lias been tested under Vf~ndou,s  XP 

Download MySQL 
Plc,~sc download rnyscll-4 0.20d-win z ~ p  f1o11iFIEIIE. You can also gcr MySQl .  1na11ual from 

Instal/ MySQL 
Aftcr the dowriload. plcnsc un71p 11 lrito '1 fold of yoirr I O L ~ I ~I I , I I ~  (11 I \ 1, C'l~cl, ' SI '1'1 11 '  I XI  " 

In that tolii to start [lie ~nst~i l ld[~c)n.  l.'oIlo\4 tllc I I I \ I I L I C ~ I O I I \( I I I ~L I ~ C  1 0the '. I ' ~ ~ ~ ) I C , I I ' '  O ~ I I O I ~l 1 1 1 1 \ l l  

thc installariol~. 

Looh In youl- W~ndows  Sold ( I  C \WINDOWS) and see ~ l ' t h c ~ e  I'llc c~rllcd "my I ~ I "I: I S 21 

11 thele L\,open 111an ed~ to r ,and m'tke sule the p~i t l i~n t ' o~ rna t~onc o ~ ~ e c tIS I I: 

1)a\ed11=(l /my\cll/ 
datnd~r-C /rnysql/ilrlra/ 

I! you cdnnot 11nd "my ~ n r "In you^ W~lltlow>Iolile~, [)lca\c c~c,ili. ;I  n c u  I ~ l c ,n,i l~ic~l 1111 



Shutdown /Start MySQL database server 
A f t c ~  your ~nstal l ; l~~oli ,  M 1 1 1  hc ~ ~ u I o I I I ~ I ~ I c ~ ~ I I \ '  I C \  C I .  1011I I I I I \ I[lie My SOL \ C I  \.CI \ t , i l . [ ~ ~ I i o ~  

shut ~t dow11 a11d rc\lnr1 ~t 111 ordcr Io ~riakoI [  \vol.l\ p ~ o l ) ~ ~ l y  

To shutdo\+11 ~hc:c u ~I C I I I  W I  LCI.. pleaie run [llc rollow~ng conl~rl~incl 

m)tsclladrn~n.exc -11 roo[ sliu~do\vn 

I 

To bc not~ccd ,  you must  c o n f ~ g u ~ cyour pcrsonal f~rcwail to allow mysq1;idmln cuc to :zcccss 

D N S  and "1  27.0.0.1:330AV. 

Apdcatm mysyladmnexs AppLdtw nb rqladnm e l c  

D e t l r l d l l ~lP 128 1 W 120 6 DNS Gcrlnbl~onlP 12'00 1 Pell3JClE 


M a s  Inlmmbl~onArallabls Maw Inlo,mrl~onAralleblc 

To start rhe hlySQI, server. please r u n  the I'ollow~ng comlnarid 


myq l t i - o11 t . e~~ 
-console 

You I I ~ L ~ S I  your pc~iona l  111e\?;1ll c x c  10, I C C C ~ I ,IINS ;111clc o r l f ~ g u ~ e  1 0  ;~lIo\v r~i)l~(ll;~drn~rl 

"0 0 0 0 3306" 



In case you have "Do you already Il:i\/e another mysqld server running ~ I Iport: 3306" error, 

you should shutclown [he culrcnt sclvcl-, iuld rcstart ~ t .  

Create and Initialize the database 
Usc t l ~ cfol loul~ng a h/lySQL c l ~ c r ~ rcornnla~ldto 5t;u.t as n root uscr 

you must c o ~ ~ f i g u l e  ~nysqladmin.cxc to access D N S  andyour pc 

"127.0.0.1,3306" 

All thc folloul~ng cornniarlds ~11-cIn ~ ' c o l i ~ ~ i ~ , i ~ l t l ' S o C ~ ~ ~ , ~ r c ' l ' , l l ~ l c \  \ \  1111  r l i c[ \ I  '. \ V I ~ I (  1 1  c.o~nc\ 



Create a new user: 
Throilgli rllc colliliinnd Ilnc, yo11 car1 CrCrlrC ;I nc\v u ~ c ~101- ~ l l cI3P1).- 11' , j  \ ~ c ' ~ i i  

The user name 1s "bpddemo", and its password to ;~cccsathc database 1s "demopass". If you 

use the RPD client and the w v e r  on the same computer, you can  create rh~saccount t'or a local 

user only: 

GRANT ALL P R I V I L E G E S  0t.i * . * TCi ' bb:di?ernd ' @ ' l o c 3 l l l ~' I : I E N ' ~ I F ' I E ~BY 
' J e n l u p 3 s s  ' W I T H  GRANT O P T I O N ;  

Link the user defined function 
Copy and pastc "cditDista~~ce to ,i folder rhar 1s i l l  yourdll" from "[Appl~cn t~onI ;o ldc~] \b~n  

$PATH, and rhcn run rhc follow~ng co~nln;rr~ci I I I  ri~y+ql 

Initialize the database 

u s e  bgd-ic; 
DROP '1'PltiLt: 1 k' r;XlS'l 'S k'ea' 11r e s ;  
create c a b l e  Y e a c u r e s  ( 

i d  i n L  u n s l g n e c i  not r l ~ r l l  AUTC-INCREMENT p r i : ~ l a r ) '  key, 
f t ? a t . u r c t T y p e  var.;h..jr ( 2 5 5 )  11c:,t. 111111, 
f e a t  u r c r o u t  r ' r ~ t  m e c i l  1jll:t t?x t ,  
s t c 7 r t V a l u c : ; ' I ' l :  t e x t ,  
e r i d V a l i i s S ' L ' R  r e x t ,  
c e r t a l n r y  doub ! r  ( ? ,  $ ) ,  

s t . a r t . V a l u e N u m  t l e c : 1 m a 1  ( 1 3 ,  (1) , 
c n d V a  I ueNlln dcc.i rnd 1 ( 1 P,0), 
d o c u m e n t  Na!ne v z r c h a r  ( 2 5 0 ), 
locallio.s?.Nar~ie~ ~ ~ K c : ~ I ~ I L .( 2 5 O ) , 
I N D E X  ( f e d t a ~ e T ! ~ p ~ ' ( F ~ C ) ,  crl:l : jc~l;:~eIITF, ( 2 2 ? . )  js t d x L V a l ~ l e l ' T E ( 2 2 f ) ,  

..
) ;  

DROP 'l'A131.l~: 11, '  I.:X l ? ; ' I  5 ;> i ; c~ : r r , e ' . l t5 ; 

c r e a t e  t a b l e  ;!OCLIIII~!:I:: :  ( 

c iocumr!~ t .Na :nc?  T . :&rc :h r i r  (:?50) , 



or iq ina lTe ; . : t  ~r~ccliurnte s t ,  

1 occ71 1105tS(>-j!!.e v s r  cllsl- ( 2 5 0 )  , 

p r i m j r y  k e y  l:)calHoc,tl\la~iie)
( d o c ~ i r r ~ ~ ~ ! t N a : ~ l e ,  
) ;-

' 	LIKOP ' I A H L t ;  .I I.' K,)clSl'S f e a : u r e C a n d i d a t e ;  

c r e a t e  l-ah?e f e i i ! - u r e C s n d i d a t e  ( 

Featurf?Ty!.~eNarrlee v i r c h a r  (? ' .a)  rloL r l u l l ,  


reC;:ir-ltlltla1re VZL-chtir  (250) riot 11t1 11,  

p r i  ~ n r y  k (? ; l  (F'i!s;~~i-!'TypcPJ?rni>, Fi-:;l~t ~JI -c i :andid a t  c) 

) ;  

11-IS~L-t1.r1t-o fezt.1-~reCaniiitiat.e (Fetlt.1~reTy13elJarr1e, 	 )F e i t ~ : r e C d ~ i d l ~ i a t evalues 

( 'EyeC::lf:)r ' , ' i3lal::k' ) ; 


i n sc r t .  int .0 tc<?tur-eCandidatc7(FcCst~~~-cCryl, ) \I? l\it?s 


( ' LyeCclor-' , 'l:$ro%rl' ) ; 

i r~sc 'r-L i11t-o f e s ? . u ~ - e C a r ~ d i d a t e  Fec~Lur t : ' ~~r ! r l idd r .~::.*: i;f2s
(Fe.i tu~-e; 'yl)ePlan?~, ) 


( 'EyrC; j lc : , r t ,  'Srciclrr~' 1 ; 

insert. i n t o  ( - ) ...: ;.:I.;(:!;
t e a t u r e C d r 1 j i d i t i 3 .  ( F r a t  ure:yp~tl.lams?, i.';?iit !..ra.<::+ri,iid~' 

( 'F:yc(::;lol-', ) ;
' M ~ ~ r o o l - , '  

l l l s n l  t j r l to f e ; : t u r  ?C:ar1dii-l~2te ;.e;,tt :1 r ? ~ ~ . 3 j j C i  .'.: . I.->':
( ~ ~ ' ~ ~ : ~ L ~ z ? ' I ' \ ~ ~ ~ ~ P ~ ~ I I I I I u ,  I ; - ~ : I ! .) 

( ' Eyei 'c lor  ' , ' P l r ~ k' ) ; 

i n s e r t  i r l t  o f ea t .ijreCar'ltli.dat P (Fedt.1.1 I-t?T}11>c:t~I:i11:et,i-'t:~it.i: I-I:?!-:d!.I(: I ::j:i t.? j ;*:,< i I:;! ; 


I ' E y c Z o l o r ' ,  'Rille'); 

1n:jcrl: i n t o  ( I ~ ' e a t ~ ~ ~ i : c ~ ' ! ' y r ) c t ~ l : ~ ~ ~ ~ ~ ' ~ ,  )
f ei;t \11rt?Car7dldcir(? ttci1t :;1~iiC2~11-1cii.d;irt: 7 ~ ~ 8 <  i:t::~ 


( 'Ey5C:) lo~' ,  ' G r a y ' ) ;  

~rls;.r.t i l - l to  f e a t u r e C a n d i d a  t e  (FeiiLureTyppName, F e a t  u r e C a r ~ c i i d a t e  ) v ~ l u e s  

( ' E y s C n l o r  ' ,  ' H a z e l  ' ) ; 

l n s r r - t .  i n t o  t~;.at.urcCar~~-lidat.~?(F~~at.r.ircTyp~l'lamc?,Fr~aturrt~:ar~clidat.evaluc?s 
) 


( ' k:yeCc!lor', 'P4~!1t i c : c I ~ o I ' ~ c - ~ '  
) ; 


i r l s ~ r t l n t l :  f t ? t ~ ! r . e ( J d l ~ d i d a t e  )
(Featiireeryp- value.; 

( 'EyeC(:l<:)r1,' G a r k ' ) ;  

I n:;crt i r1t.i: t ~ i : t  ( F ( ? , : t l l r - c T ' y l ? ,  F t 1 ~ a 1 1  : ) svcll?~cr;
1jrcC.rlndi1-1atc: :

( 'Hai rC:ol t - ; rq ,  ' L c - I ~ c - I '  
) ;  

l n s e r t  i n t o  	 L e t  I v n l u e sf e ; t  ~lr.e(:anciirAate ( ~ L e s t ~ l i : e ' ~ y ~ l l ~ i ,  ) 


( ' l i a i  r C o l o ~' , ' B l a c k '  ) ; 

11l:;ert int.c:, fzat-.urei7aridit-l3tc: (Fg!iit 1~reTypc!N.3rne, Feat:~. ;re; :ar~~Jid~~tl(?) v h l u e s  


. ( 'Ha i  r C o l o i - ' ,  ' H l o n d '  ) ; 
I ~ i s n r t  i n t o  f ea t -u reC:and ida tc  (Ft?atureTypefJ.jrn~?; )Fer?tcrcC:~r1~3i:-1atc? v a l u e s  

( ' I l a i r i . : o l o ~ . ' ,' S f  r 3 w b e r r . y '  ) ; 

i n s e r t  i r i t c ~ f e s t u r - e C 3 l 1 d i d i . 1 t ~  t tebti :reCd~-1c2idate v a l u e . ; 
(E'eilttireT~~pePdarr~~~, ) 


( ' H s i r C a l o r l ,  ' E l u e '  ) ;  


i n5,crt. i n t c  f e a t  l1r-c:Ciindidd2tt? (FcC::t~lr,?Tyl- ) - ~ . 2l I:.-!.; 


( ' H a i r C o l c r ' ,  ' H ~ . o v n '  ) ; 

l r l s e r t  i r l t c !  	 ? - ~ ~ l ! . . , ; L f : ~ . . , . ~ : : , . : i ~ . i ~ i ~ . t :f e i ; t -u~e l . . : ln r . i i . j ? l t (?  (F ' i ? j I I i : Le~~ ;~ , c~~ \ I i 1~~ : i i i ,  	 '.!<.i!,f5:., 
( '!j<3i!c:~lLlL ' , ' L K ~ \ I ') ; 

i n s e r r .  i n t  c, e (F ; ?~ ! . I . I~ (?T~F)+PJ . . -~ I~ .C ,  (: ,.:<,
f e a t . \ ~ r e ! - a r ~ t i i d d t  ?.2att.!..r(+:?!:;,7I : . I . + ' .  ! ! I.,:::-. 

( ' H ~ i : C o l o i - ' ,  ' P a r t  ii3 L l y  C r . 3 ~ '  ) ;  

i n s e l - t  .irlto fe~tur?i:3r1d~d~t?(l~'e~:!t~~1re':'y~~~:P1~:111~~,~~?~~t~~:r~e:.:~~1~~,i~i~:1~~:.~) ' :c ':lr;~'? 
( ' H . ~ ~ ~ ( . ' O ~ I C L' , ' S r e e : ~ ' ) ; 

ir1:iert. . ~ r i t : i ;  Fe;~t.i:1~~!~::,i~!t1i:.Idt.t:)
feat.?lrer:,,ntli~:iat? (Fe:st I . I ~ F ~ : Y ~ ? ~ I ~ ~ I I I c ? ,  vall.l..?.'; 

( ' H 3 i  1.~:.'010 r ' ,  ' 0 1 - a n y - '  ) ; 

i n s e r t .  i n t o  )
f e a t u r e C a 1 1 c i i d a t e  ( t ' e ~ 7 t u i - e ' : ' y p e  v a l u e s  

( ' l l c ~ i r C f ~ l c ~ ~' P l ~ i k . ' ) ;
I ,  

l r i $ ; ; c ' r - ~  1 1 1 t ofej~ureCanciiLiate(F'ejt1~~eTy~>eI'Jjrn+,."~d~~rt;Car1~.1iiA~~.~) : r s l ~ t s  

! ' H a i r C o l c , r 1 ,  ' P u r p l e '  ) ; 
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I n s c r t  j n t o  ( F ' t ? i , t t ~ i r c 1 ' y ~ ~ t ~ I ~ J r i m c ? ,  )f c s t ~ i r c C : a n i l i d a t e  Feat.~~.reC:a11iji:-1acc vcilues 
( ' ila i r-(.'a1c I- ' , ' Fec: ' ) ; 
i r isert :  i r i t r ;  i ~ F ~ ~ t l ~ ~ e ' ~ ~ ~ ] ~ e t d ~ l l ~ o ,)f e z t  1.1r o C ~ 1 1 d i d i 1 t e  t t e u t u t ~ L ' ~ r i d i : ~ a L e\ :a luer  
( ' ' ' 'H h l ~ - C c ) l c > r, .Ai.~k)\.irr~) ; 

i n s e r t  i r i t o  t~zt~~rcCiln:l~~Jat~~-:(F~-~at~!r~)Ty~~~~t~I;~tiic,Fc.~~t~i~-~~Ca~~di:idt.~~) v,::l~ic:; 
( ' H a i r C g l o r ' ,  ':;aridyl ) ;  

1rist.r-L iri tc;  fea l_ureC~7ncl iddLe ( F e ~ t . u ~ e " i y ~ ~ c ' t ~ I a ~ n e ,  )F L u C n d i  v j l u e s  
( ' H a i r C u l c r r ' ,  ' W I - ~ l t e '  ) ;  

I r i s e r r  in t .~ : ,  feat-.11reCaridtc:l3t.e ( F ~ a t ~ ~ r e T y p e I ' J a m e ,  e ) value:;Fedt.lirc3Caricii(~at 
( ' H a i r C o 1 o 1 - ' ,' D a r k '  ) ;  

I n s e l - t  i n t o  L'~!i1t.~rrc~C::>1iiijd:1t<~va lue- ,f e ; : t ~ 1 r c ~ l : a n i l ? d a C ~ ~ ( t ' i . r ! t u r t ~ ' 1 ' \ ; [ ) 1 ? P J ~ 3 m ~ ~ ,  ) 


( ' L ' e t i i s l e ' ,  '.41iib~11r?1!~:~?' 
) ; 

lrlsc<rt. ~ r i t . , ;  (F'e?l ~ . : r ~ : . : ' \ ! k - c ~ t J . d ~ ~ ~ . . ! ,  :<:-: : . I . . !?~+~?~:I I  If ( + ~ t . ~ . i r e ~ ~ ~ ~ ~ j c i i ~ . i a l : f . ~  t .i.;is .: I:,.. ; 

( 'Ve11:::l .- ' ,  '(:o~:lcki' ) ;  

I n r2.?r t ! nt ,-; t (:,; t I: I.c-:::.:I I-1f.i -.,-j61F <-: ( FC?:;t I :  t - c .  '.,; 1 , ( ? ~ , I . I I I . , ~  , , I 

( 'Ve11:r.-LC:.', 'COI- , \ IC~I  ) ;t t i t > l g ? '  
~ r i s e r t1 r i to  f e ~ t u r e C e i n c i i d a t r  ( F ' e ~ t u r e ' I ' y ~ ~ ~ l ' l ~ ~ i t . ,  : : C ~ ~ I ; G : L .F'edLc:rtrc~!![.i1d~!c ) 

( ' V e h i r : l e ' ,  'Cor.:p(?' ) ;  

i n s e r t  l n t  o fea t .ure t~andic l . i t . (?(FratureTypel 'Jdme, Feat!..rc?i'a!~ciirla! (- J v,;j l j(+s 

( ' V e h i s l c ' ,  ':;?clant ) ; 

i 1 1 s e r t  i n t o  fea tureC:ar ld . ida te  (t.'esturel'yy)eNarne, t ' e a t ~ ~ r e C s r i d i d s t e  v a l u e s) 


( ' V e t - ~ i c l e ' ,' H a r d t o p '  ) ;  


fc?;?tureCar-~tl lciate F ~ . : i t . ~ r e C : a . r ~ ( ~ i ( ~ a t . e 
i n s e r t  I n t o  (Fe~?tur~?Ty~~f?PJani? ,  ) v a l ~ ~ e s  
( ' V e h i c : l c ' ,  ' H a t c h b a c k '  ) ;  

i n s e r t  l n t o  f e a t  u r - e r a n d i d a t e  (Featur-e'!'ypeNatlie, t ' e a t  u se ( : and ida te  ) v a l u e s  
( ' V e h i c l e ' ,  ' l l e a r s e '  ) ; 
1 n s e r . L  i r l t o  ( F e ~ i ~ u r e T y p e N a m e ,  )f~3dtureCaridicldtc? F~?aCu~eCar:rjicidLe vr i lues  
( ' V e h i c l e ' ,  'Limous:rle' ) ; 
I n c c ~ - tinl-o t +?a t1.1 rc3C;,3nt-lida t (.(F.?at 11rc?Typcl'J?~mc.:, )F'p:>at.c; rc?C:ar:iji da t (-: 1131 L I P S  

( ' \ i ehl .c . le ' ,  ' H o a d s t ~ ~ r '  ) ;  

L e a L u r e C ~ t ~ c i i J a L e  F F e a L i ~ r e C c i ~ i d i d ~ ~ t ei n s e r t  into ( F t a t i ~ ~ ' e ' : y p e t l ~ i ~ t ~ e ,  ) value:; 

( 'Vtl,: c : l ?  ' , ' Waqori ' ) ; 

l n s ~ r t .i n t c  fc:at  11reCandirlatc ( b ~ c : a t ~ i r c ) T y ~ ~ c ? I d a n i ,  t d a ) va l  o c s  
F 
( 'Vehicle', ' S u b "  ) ;  

l n s e r t  i n t o  k ' e a t ~ : r e ~ : c ~ ~ ~ ~ l i d c f t t ~values .f e ~ t u r e C a n d i d a t e ( l . ' e a t i ~ ~ ~ ~ ' ; ' y p r ? t ~ I ~ ~ r ~ ~ e ,  ) 

( ' V e h i c l e  ' ,  '1idrr1rnt~-') ; 
i r i s a r t  i~ l tc : ,f i -a t . \~reCjr i t l ic : l l i t .e  Feal. iIircs;3a~i,:ii:1d~(~: :jzl~jfi::( F z a t t ~ ~ r c ~ ? y p e I ' I : 3 m ~ ~ ,  J 

( ' V i l h i  2 1 P ' ,  'Moto rc :yc I~? '  ) ; 
i n s n r t  i n t o  ;'-?<it I. . :re(::~~~,-;i:-l;~~.~.?featurcC:anilid?lc(P~~c:t.~;r~'~y~)~?I'Jimc~, :!<:li.,rr. 
( '\!f?t,! < : I ? ' ,  'V3r: '  ) ; 
1r1sort: i r i t c  i~;it~1~oC~l1;ji~:i~1~e(~'t;~~Iii~~~:y~~er1~111~?,it.~~t.~.r.~~'.;~~~~(~~t::1~-~:~,.;.:!I.:,:.:) 

( ' \ ~ ~ I l i c ~ : L + ? ' ,' l - , ? c k ? r '  ) ; 

insert ifit.<>~ ~ , ~ ~ ~ I I ~ ~ : ? F ~ I I ~ ~ ~ ~ ~ ~ ~ , C ? ( F ~ ~ ~ I ; ~ - ~ - ! ~ ~ ' ~ ~ ] - I ~ ~ ~ ~ . ~ I ~ ~ ~ - : , : ~ ~ . I ~ ~ : J ~ ~ - : : ~ I ; - ; ( : ~ : ~ . ~ - ~ ~ ~..::!I;,: ,) 

( 'Vel i ic l t? ' ,  "rr-31 ler ' ) ; 

~ r i s e r t  1r:t.o l e i ; l - u  reC,~nciiddLe ( F ~ L ~ L u L ~ Y ~ ~ ~ P N ~ I I ~ ~ : ,  ) Y ~Fed Lur~-C'~!iidld~iltr; 1 1 , ~ sJ 

( ' V e h i c l e ' ,  ' T r u c k '  ) ; 

I n s e r t  i n t . 0  )
f ea tu reCand id . i t . e  (FeatureTypePJame, F ~ ' a t . u r f : a r ~ i d t . e  v a l u e s  
( ' V e h i c l . ~ ' ,'B:is'  ) ; 
i r i s e r t  i n t o  t . ' e a t i r z e C a r i d i d a t ~)f e a t u r e C a n d i d d t e  (b 'ec l t~1~e ' ry~)eNa1t1e ,  v a l u e s  
( ' V e t ~ i c l e ' ,' C a b '  ) ; 

i r i s o r t  iritc: Feit.kireC:ar~(ii~iilt.c' v a l u e sfeatl . l reSantl i \ iat .e ( F e a t ~ ~ r e T y p e t . ] a r n ~ ' ,  ) 

( ' V c h i c : l c ' ,  'Oiimp' ) ;  .. 
i n s e r t .  i n t o  t ' e a t k r e ~ a r - ~ d i d a : ~ ?v a l u e sf e a t u l . e C a n d l d a t e  ( t 'eat~ire ' i 'y~,eI~lat~ie,  ) 

( ' V e l i i r ~ l e ' ,' l l o p p e ~' ) ; 

i n s e r  L 11lLo feztur?CariciidilLe (FFedLureTy~:ettIdrntt \ ~ d l u e sFedLcreCarlcii~.i i lL ) 

( 'Vellic:li; ' ,  ' P a l l e t  ' ) ; 

http:feat.uret~andicl.it.(?


ft?~t.urcC:anilj i - ~ ~ 3 t ~ u r e C : ~ n i I j . ~ - l ~ tincnl- t  s n t o  d-3t.e ( b - c i i t t ~ ~ r f f ~ y p ~ ~ P i c t r n c ~ ,  ) v a i  Lles 
( ' '.?et,.i~ 1 . e ' ~  ) ;'R::Ck.' 

il-isert. i r i t r j  featiir. '; 'C.~ridldclte F 'edt i~~eCarici idi .~tev a l u e s(t'eati1~';"i'\~p~eI.1~7111e, ) 

( ' V t h ~ c : . ? ? ' ,  'S t -ahe '  ) ; 

I nsr:rt i r i t  o tc;,:t F~ : ,3 t~i i~~?Ca~-!f l iIii~t.[?)1lrcCand: ,dat.c (F(?<:t ~ ~ ~ C : T Y ~ ~ C I I I ~ ~ ~ ~ ~ ? ,  \:a1 lies 
( 'vehicle', 'Wrecker '  ) ; 

1rlser.t ~ r l t c ;  L e j t - u ~ - e C a n r . i L  (Fed12u~eTy[)c'lxls~ne, )F e a t ~ r e C ~ r u i lva lues  
( ' V e h i c l e ' ,  'Vdrlett-e' ) ; 
~ri:;?rt. ~ r i t . c ,  feat.~~rciCaricil( . l . . i t .c:  F.?at..!.:rc:Car1dicII3rc ) value: :(F-.at~~reTypul.lamc-, 
( ' \ ; ~ I l ! ~ : l ? ' ,'C;raln~' ) ;  

]n::r>l-t i r l to  f i . ; l t i ~ r ~ ~ : ~ ~ ~ i ! i C ~ ~ ~ t ~ ( ~ ' ~ ~ : t i ~ r ~ ? ' ! ' y i m ' , t t . ! e l i ~? I ; ! ~ L I ~ ! : ,) 

( ' V e l ~ i c l r ? ' ,'Car ' ) ; 


i l i s e r t  lrlt.~, feat.l.!re::;antliiiate Fc?jtt~.;ri;?C:il~l(;l<iat.i?'.!dl ur!s 
( F e a t t ~ ~ r e I y ~ 3 e I J ~ i r r ~ c : ,  ) 

( 'i;Jeap:)ri', 'Am111i:nl t.ic11.1' ) ; . . 
in:,.r!rt i ntc; (I.'e,Zt~lr~?:.!~[,ct~J:~~i!+-!, i 11.17, . '  ) i I;.-.:>fczt11l- , : ! [ :a1l<j jd<3t~:  ??.:jt >, ; l .+-C<-~;- ;c i  

( ' Wes),an ' , ' liornb' j ; 
.ll)?,erI.. fe,+,L~r~![- '~~rir-i>1 ] 1 1 ~  :.]:,I,!(! , ' : : ,~jl . . i ;  ~ r ~ ~ . ' ~ ] r ) r ~ p l d r i ~ t, ? ' $  (.:I. ,.:~;.-C...:::~:.:I,:, { . I '  1 , > < . '  t , 

( ' i , $ r > ~ ~ ) : > ~ ~ ' ,  ) ;' C ~ A ~ I I ! : ) I . I '  
insert i l - ~ t  f e a t . ~ r e 5 ~ r i i i ? ~ c l a t  .F?i i t  c-, , . '~;1o c? ( F e a t . ~ ~ r t T y ~ ) ~ ? l ' l r i ~ c ,  I.,(?::~;rei:;-1::~3i:-l.3'.! 
( ' W e ~ p o n ' ,  C J L ~ ~ I ''Disgu I s c d  ) ; 
i n s e r t  j rite ( I . ' f c : t i 1 r? ' i i y~ ) i . I ' d ,3 r~~e ,  dl:ltt? 1 , : l ! : l:PS:ie;?ti ir .~C:arld.i .~l~2te iii?<ltti:1F?!:cl11ii1 
( '\;leapon ' ,  ' E l ec r  t i c  c:hot:k qui-I' ; 

i n s e r t  i n t o  feat.ur~C.is1ci~~:1at.e(~e~~t.urt~Ty~~e~~la1ii~,F~:i~t~1:ri'C~.~1-1~ii.~1~~.j v,dL~.!.::s 
( ' We,?pon ' , ' G r c n a d c  ' ) ; 
i n s e r t  ~ n t o  tteat~.1~-e!:c~ndidcit<: valui:s?>f e c : t u r t : ~ ( : a ~ ~ d i d a t ~ : ( t ' e ~ i t i ~ r ~ ? ' I ' ~ ~ p e t ~ l a ~ ~ i ~ ? ,  ) 

( ' W ~ " ~ : : , I I  I ,  ' r q d c l ; ~ ~ ~ e  ' ) ; 

1 n s i . r . t  i l l t o  fedtureCarididsLe (FeaLureTypc'Ndme, Feai_ureCandiddt(  ) vdlues  

( ' Wa?pon ' , ' gun ' ) ; 


I n p r - t  i n t  e ti:at.llrc?Canilida t  (' (Ft?at .~~rcTypil l ' lamc?,  rlatc? )
F~r.;iti:rc?C:aniJi va.l 11~s  
( ' i dcap"n ' ,  ' M i r l e '  ) ;  

int ;er t  i r l L r 2  e C a ~ l d i d d t e  F'etitilreCdlldidIlte ) valuesfez  t i ~ r  (t 'eat~~reT;~psE.l~lrne, 
i ';ie;iporl1, 'r.li:j>;ilt+' ) ;  

~ n s e r t .  i r i to  tc~~t1.~rcCan~li~~at.~)(F~~i~t1.1r~Ty~~~~~1a1n~~,F'~~:ilt1:reCa1-1~iidat.evall.ies) 

( 'Cv'c3~?31i','Mo:-t:3r" ) ;  


I n s e r t  into l.'eatcre(:ancYi:date va lues 
f e z t  ureC,in(_iirJate( L ~ ~ ~ ~ L L I ~ - ~ ~ ' I ' ~ [ ~ ~ I ~ I ~ I I I ~ ,) 
( 'Wedpurl', ' P i s t - o l '  ) ; 
i n s e r t  l~l tc : ,featr.~lreCariclitl:it-t? Feal .1.1ret3arlr i i t - l . t .1(Fctat:.~~re'.rypeI\lame, v n l ~ ~ ~ : ;  
( 'Wcspon ' ,  ' R ~ f l c ' ) ;  
1115nl-t. i n t o  f ~ a t . u r ~ ~ ~ n c ~ j i d a t c ( ~ ~ ~ ~ ~ t ~ u r c ~ ' y ~ ~ t ~ l \ l ~ ~ ~ i ~ , i 7 ~ ~ ~ t ~ ~ : r ~ ? ~ : , ~ ~ ~ ~ ~ i c l : ~ ~ .,,,'ctl L .IC-.~) 

i 'i.i~<:[.,zr~, ' : ; I I G ~ ~ I J I ~  ) ;' ' 
1ri:;ert: ~ r i t of e a t 1 . ~ r ~ i ' . ~ 1 ~ ~ l l ~ j ~ 1 t ~ e ~ L ~ ~ e c : t i 1 r ~ ~ ' ~ ~ ~ ] ~ e I ~ I ~ 1 1 1 ~ ~ ~ , ! ~ f ~ ~ ~ I ~ i . 1 ~ ~ ~ ~ j 1 1 ~ 1 1 1 : 1 ~ i ~ . ~ ~) 5.::-:!~!->,: 

( 'b$e:?p:;rir, ' r < ( : , c : k + ? ~' ; 
in:,prt 1nt . i :  f e , : t ~ ~ ~ ~ - ! : ~ ~ t ~ ~ : i : d ~ ~ ~ t < ! ( ~ ~ . : r ~ : ~ ~ ~ ~ - y ~ ~ ~ ( ? ~ ~ l : ~ ~ l ~ ~ ~ : , ~ : , j t ~ , . ~ ~ ~ ' ~ ~ t ; ~ ~ ( ~ ~ ~ ~ . ~ l : ~ ~ ~  


i 'We i :pvn ' ,  ' S I  ler l re:  ' ) ; 

111ser-L irlLo f e ~ t u ~ e C ' a n r . i i c J i ~ t e  Fe i~ t . i :~ f? : . ' , .~ : i (~ i : J i~ l l t .  l ~ L C:i
(Feiii1urtTy[j~:tt1:~1~~t:, ! 
( ' [ d e ~ p ~ ~ ~ ' ,  ) ;' C a ~ b i l ~ e '  
insert. l n t  c:, iesti~rc?Car1il;cl2t c (F?at.~:reTyprPlame,Fc:at.!;rsi:;+n,?idd' e I :/,.ilI>[--:.'; 

( 'Wezpon', 'De r r l nge l - '  ) ; 
i n s e r t  i n t o  l ~ ' e i ~ t i : ~ e C a ~ l d . i d ~ ~ tv a l u e sfeatur-e(:sndj d a t e  (l~'ei1tll~e'1'y~)ePJ~11rie, ) 

( 'Inle?.pon', ' F l 2 r - t . '  ) ;  

~ r ~ s e r t  Feitt~;re!::a1i(1i(iatti.ir1t.r: feat.ure(:cil?tli<iat.e (Fea t . ! .~ reTy~~t i I Ja r r~e ,  vall.ies 
( ' L V e a p o n ' , ' F l ~ n ~ l o c k ') ;  

lrlser t int i ;  (k'eature!'ypetxla~ne, ) va luesf e z t i ~ ~ . e C a n d l r J a t e  i . 'eatcreCandidate  
( ' Weilp:.:~~, ' Rev1.11ve~~ ) ;' ' 
1ns.21 L lr!Lo (Fedt~i~~e1'yprttldmt:~ )f e j t  uri.:'irir.iiddte F'edLcrtCar~rJi~ddti. vd lues  
I ' Wr.np:,lI ' , ' l;e~::i,lllt ? S S  ' ) ; 

http:feat.~~rciCaricil(.l..it
http:11.17,.'


l n s e l - t  I n r o  e ( t ' c c i ~ t i ~ r ~ ? ' 1 ' ~ / [ ~ t ? b J p ~ m e ,  icda c ) lie:;ft<: t l r  reC:~~idii-ldt i-'c)ett ~ircC211ci 

( ' R e l a ;  ~ o n s l ~ i p ' ,  
' B r o t t ~ e r ' - i r i - l a w '  ) ; 

i r ~ s e r t i r l h i j  fest.ure!:sntliiir\t.e Fe . i t .~~reC;a~~( i i i i~ i t . i '\ : a lu~zs 
(Feiit.l~rt!Ty~3(?1.1d1r1?, ) 


( ' H e l a t . i i : ) n s h i p ' ,  ' S i s t e r '  ) ; 

i n s e r t  i n t o  dart: ( F c a t  ~ir-cTypcFlallic, \:a 111~s.
t c ? t ~ . i ~ - c C a n d i  Fca t  \:I-t?Canciid:?te ) 


( ' R e l a t  i o r ~ s h i p ' ,  ' S i s t e r -111- l . aw '  ) ; 

i r l s e r t  i n t o  t. ) vci1ut.s
fezt-urecarlci iciate ( F e d t u  reTypeEJdme, F s ~ ~ L u r e C a r i d i c i ~ t  

( ' I ? ~ l ~ : . i ( : ~ r i s h i p ' , 
'1~101:her' ) ;  


I n s e r t  i n t  0 C ? d t ~ . . : r ~ ~ i : ~ r i ~ ~ i r 1 . i rJ val1:es
f ea tu reCar id ld . i t ( ?  (Fer3t 1;rc?:ypoI~J~;1rnc?, C? 


( ' R e l a t j o n s h i p ' ,  ' 1 ; a t h e r '  ) ; 


i n s e r t  i rltn (Featl1r&yl~f?lJa113e,  )I e a t . u r e C a ~ - ~ t i ~ < : i a t . e  Fec+tcr+C:d~-;($~:i;3t.e\rillui.s 

( ' r t c l . , ~ c i o n s h i p l ,'Grand  rno thc r '  ) ; 


i n s e r t  I n t o  t t e a t i 1 ~ e [ : i L n ~ i ~ ] ; , t e ~ 
f ea tu reCand ida t :~ : (Ycr i tu l - t :~ ' i ' i /~ )e111~~111~ ,  ) 


( ' K e l a t - i o r ~ s h l p ' ,  'Mon:' ) ; 


~ n s i ? r t .  i n t c : ~  feat . t~reCar~dlc:l . :>te F?ai:.~.irt:Car~iJi(:lj!-e )(Featt~~reTypeI 'JJ3me, cci1rlt.s 


( ' R c l a t . i o n s h i p ' ,  'Aunt. '  ) ;  


f e a t u r ~ C a ~ ~ d i d a t e  F e a t ~ : r e C ~ ~ ~ d i d a t ei n s e r t :  i n t o  ( F E ~ ~ L I I P ' ~ ' ~ F ~ ~ ~ ~ c ~ I I ~ ~ ,  ) v a 1 ~ 1 e . s  
( ' R e l a t  i o n s l i i p ' ,  ' C o ~ ~ s i n '  ) ; 
i n s c r t  I nt.o ( F C ~ ~ ~ L I I ' ~ ~ ~ ~ ~ ~ C I ~ J ~ ~ I ~ I ~ ? ,d d 3 t t  ) v,3 111csf ' c s t ~ ~ r - c C a n d i d a t . ~ )  I-'cat!~~~c?C:ar~di ' 

( ' [ ?e la r  i o n s h i p ' ,  'Stc-pmc>ther u ) ; 

~ r ~ s e r ' t1r1Lo Leatu~eC'ar~r . i ldsLe I . 'eatoreC~?nciiddLe)
(Fedi1u~eTyf:ett1s1~~e, . ~ a l u e s  
( ' R e l d t i o n s h i p ' ,  ' S t e p f d t : i ~ e r '  ) ;  

~ n s e r - ti n t o  f e ~ t . \ J r e C a r l d i ~ l a t . c ?  F ~ ! a t l ; r ~ ~ 3 a r i ~ r j i d a . ?v a l u e s(F?at l~reTypeName,  ) 

( ' R e l a E i c n s h i p ' ,  ' : ; t ~ p : ; i c ~ t ~ r ') ; 
J r l s e r t  i n t o  ( b ' e i : t l l ~ P ' ~ \ i ~ ~ e N a l n e ,  dd3ce  ) ?/a1u e st e a t ~ ~ r ' ? C : a r l d i . d ~ ~ t e  1,'?st~:1.eC'a1lcji 
( 'Rela :  i o ! i s I ~ i p ' ,  ' S I - e p t > r o L t ~ e ~ - '  ) ; 
l r l ser t .  irit.t> ieat.l.~reCantliilatcr (Fea t .~~ reT! jp f i I J a r~~? ,  ) v a l  u+sF ( ~ 3 t t t i r i 2 r : ~ ~ ~ ? ( 1 i : i a .  
( ' R c ! l a t . i n n . s h ~ p ' ,  'Mot.hc!~- In l a w '  ) ;  .. 
i n s e r t  i n t c  fer7t1~l~eCandid~~t~)(I~e~~t~11-t1~'~'y~~~~I~l~i1iie,~'ei7)t1~1-e~:i1r!~~j:l~i1:~~v~:]~!~::;) 

( 'Rela l -  i c i : ~ ~ h ~ p ' ,  ) ;' F c ~ L l ~ ~ ? ~ - ~ ~ ~ - l < ~ w '  



inser - t  i n t o  f e a t u r e C ' a n d i d 3 t ~(Fr7c'.tture7ypePJ.:~me,iieC3tc.reC:i:nc1i:dc~.e ) v s ! u c x  
[ ' 1 < ~ ~ ~ 3 L . i ~ ~ ~ ~ l . 5 1 1 . ~ [ . ~ ' ,  ) ;' . ' ; c ) i . ~ - i : ~ ~ - I ~ l b ~ '  


( I ~ ' e d t  !.'ee:~t.i!rsCI1~~(iiijC1:.e
irlsel-t: i r l L r ;  i e s t . ~ ~ r . u C j l i d i d d t u  I . I L ~ ' : ~ I J P I ~ F I I I : Y ,  ) \ ; c :  ! I :+ . ;  
( ) ;' Pa:la,:. i a n s l - 1 2p ' , ' . S ~ S I I I : ~ '  
i n s c r t  ~ n t l - ,t c ? ~ t ~ ~ r c ~ a n d ~ ~ ~ a t . r : ( F ~ ~ : ~ - ~ t ~ ! r ~ - ! ! ' ~ ~ p c ~ t J ~ ~ ~ ~ ~ ~ ~ - ~ , ~ ~ ~ ~ ~ t : ~ ~ - i ~ ~ ~ ~ ~ ~ - ; ~ ~ i ~ i ~ ~ ! : ~ :y . : : - : ! l : , - ! , : ;) 

( ' l ? c l , ~ ! . i c ~ r ~ ? ~ l ~ ~ ; ~ ' ,' t l~ ;~L-) , : ; i ( i '1 ;  
1 1 1 s t ; rL ( F e d t ~ i t ~ l ' i / [ , ~ ? l \ I ~ ~ l l ~ i : : ~ ,L L P < . ' , . I ~ : , . ~ L , ~ ~ I ' . L1rlLc [ e i j I - u ~ e C j r ~ d i d ~ ~ t ~ - ?  FC'LI~  ) <, -L;L.-, 

( ' R e l d t l o n s h i p ' ,  ' W i f e '  ) ;  


1r ls i : r t .  i11t.c:, f + a t . ~ ~ i - e ~ - a r ~ t j i ~ : l ~ : ~ t . e  F;!al..i.;rc-i:a::t.i~cl ) : / i j :  I , ( - : : 
(F . -d t .~~rctTypc+Pl~i~nc! ,  j! c: 

( ' R t - I a T i o n h i p ' ,  'F!c?yt:-ir:11:1.' ) ;  

1nsn1-t x n t o  f e ; : t i i r e C : i i ~ ~ c i i d a t e ( k ' e ; : t i ~ r e ' ! ' ~ / ~ ~ c . l ' l , ~ m , k ' r - . ; t t ~ ~ r e C a n d ~ ~ ~ ~ t e\ f i l 1 u ~ ! ;) 

( ' R e l a :  l o n s k ~ l p ' ,  ' G i  r l l r i e n d '  ) ; 

i l l s o r t  1r1 t . l : )  Fea t c reC:d l~ (1 i i1a t t . e  )f e a t . u r e C a 1 1 t l i i i a t . e ( F e d t l . ~ r ~ ? T y b > e I J a r ~ ~ + ,  ira1l.ii.s 

( ' H e l a t  i o r l s h i p '  , ' P a r e n t .  ' ) ; . . 

i n s c r r  I n t . o  d a t e  ( F c a t  I J I - ~ ? T ~ ~ C I ~ I , I I ? ,  vc; l u e s 
f ci;t i ~ r - c c s n t i i  F a t  I- it ) 


( ' K e l i 7 ~  ) ;
l o r ! s h i p ' ,  ' G ~ a 1 ~ f _ i c I 1 i l d '  
iriser-t i . l l t o  f e a L u r e C a n d i d d t e  ( F e ~ t u r e T y p e l \ l j m e ,  F e d t u r e C a r ~ ~ l i d d t e) v , + l u e c ~ .  
( 'Gen: : I - . r ' ,  ' M a l e '  ) ;  

i n s e r t .  i I-tto t e a t u r ~ C a r l d i c l a te (Feat,urc+;ypel ' l i ime, F ? a t . u r e C a n d i d a t e  ) v a l ~ ~ e s  
( ' i ; . ?n , - l e r ' ,  ' F t 2 m a l e '  ) ; 

i l l s e r t  j r : t o  ( t ~ ' e i ! t ~ ~ ~ ~ ' ~ y ~ ) e N r r ,  ) v;!luesf e a t ~ ~ r p C a r i d j . d ~ ~ t ?  t : 1 e a 1 1 . i d t  

( ' R a c e ' ,  'An le i - l ca r l  1 1 - l d i a r ~ ') ; 

i n s e r t  i n t o  (F(?;?t.ur) v a l u e s 
f e ; ? t . i ~ r ~ . C a ~ - ~ ( i ~ i i a t . ~ ?  ) 

( ' r < a c c 8 ,' A s i a n '  ) ;  

i n : ; e r t  i n t o  teat~~reCandida~e?(I.'ecit~~L'e~'~y~~el~I~~~~le,~'eat~.i~-eC~~ndiddtr~~) v s l l ~ e s  
( ' R a c e ' , ' P a z i i i c  I s l a n d e ~ ' ) ;  

i n s e r t  1 1 1 t o  fec;tureCar~did~t.c?(Fedturc+Typc.Ndmc:',Feat::;rc.Car!~-li:~~~i~-ev d l u e : ;) 

( ' R a c e  ' , ' 2 l a c k  ' ) ; 
III::(>I.[ l ~ t c ,  t ~ - ~ ~ , t ~ ~ r ( ~ ~ . ' ; ~ r i , - l ~ ~ - l ~ l t( ~ [ F ' . - . ? , t ~ ; r c ~ ' : y [ ~ ~ . : P l ~ ~ ~ ~ , ~ ~ . ~ ~ ~ , l' ,  8 :  1 ~-1; ' .  , 1 ,:,. ! I . <  ,:. . r : - < : - . ~ . '  

( ' I < J ~ > ', ' W i l  I i . t - , '  ) ; 
I ; ; , I , : ; . I L ' ~ f . : r , I . :  i . . '  . . , .  


( ' i< : l . : - . i : ' ,  ' ! i : :~! : , :+ l~l  ; 


~ n s : : l - t  :rite ~ I I I - I ~ I . . I :( I : I , I I ' .  - I I i 


( ' K I ~ I J : ~ . ~ ' ,  ' ) ; 
' A l ! - . o h ~ ~ ~ l  
1 115<::r t cjdl: r? (l.'L?<;t: "y~~l l2 t~l~i l t :~- j1 l l t (2 f ( 2 2  t 11 I t~~Cril11ii 11 1 t: , l , ' < ,  11 .,I t:!:?:l:!,:J ,{.:I:. b .\:,:.I I;,.:. 


( ' D r i f ! ~ ~ ' ,  ;
' A I I I ~ ) I I ~ : A I I I : ~ ~ ~ S ' )  
i r l s i : r +  i 1 1 t  c:, l~rc?Carltiic:i:=l.i-2 ~ . . : r ( i < 3 d 1 1 ~ . i j j I ~ 1 ~ . f ' ~y 2 r ~ l ~ ~ 6 . : ?t ~ 4 t  ( F c ' n t . . ~ ~ r e T y p t - ! t . J ~ ~ r n ~ ~ , ~ ~ t ? i ~ t .  1 

( ' I ) I . I I ~ ~  s ' ) ; 
' , ' S t . i r r ~ ~ ? I n n t  

1nF.cc t .  i n t  o Fec'lt.ureCdni!j.c1.:1te va  1 u c sf e a t - u r e ( ' a n d I  c ls t  c (Ff?~t-~~rc ' :yjr / t?l \3am~, ) 


( ' I ) I L I : J ~  ' l ! a i - k ~ i ~ . ~ ~ ~ d t e s ' ) 
I., ; 
i r ~ s e r tirltc i e a t ~ 1 r e ( : 3 r 1 d i d ; 1 t e  F e a t L ! r e C d r l c ' i d a t ~ )( t - e a t ~ ~ r o ? ~ ~ p e N a r ~ ~ e ,  v a l u e s  
( ' D r u g s  ' ,  ' C o c a i n e ' )  ; 
i n s c r t .  ~ n t ~ :  )f c r 7 t t 1 1 - t : ( : s n d i d ~ ~ t . c ( F c , ? t 1 ~ 1 - ~ : 1 ' y p c N ;v , r i l ! l ~ ? ~  
I ' l . l r u q s ' ,  ' C l u e ' )  ; 
i 1 1 s e r t  i r l t o  le; j t-u1~;"1n!. l i3ate ( ~ r z t u ~ e ' T y [ : e ? l a m e ,  v d l u e sE ' edLureC ,~nc i i c i a t - e  ) 

( ' D K L I ~ ~ ~  ) ;' ,  ' l l d l l ~ c i ~ ~ o q e r ~ s '  
1 n . s r . r - t  ~ . n t  f e a t - l ~ r e C a n d i 3 , i t  e ) v a l u e sc? e (Feat l . l . l reTypeNdme, F 
( ' l . ) l~ l l ;~ : : ' ,'l':<3rj.]L:alla'); 
i n s e ~t i n t c !  t e , ~ t i ~ r ~ ~ C : a r ~ d . i . i . l ~ ~ t ~  h ' e c ~ t u r  )( ~ ' ~ c c ~ L I z ' P ' ~ ' \ ~ ~ ~ I \ ! - I I I T ~ ~ ,  valuese C a r ~ t i c i i c l c ] ~ t e  

( ' D r u q s  ' ,  ' N j r c o L i c s '  1 ; 
f e a t . a r e C a n t ~ 1 ~ i a t . e  F ~ ~ i t . i ~ r e ~ : a ~ ~ c ! ~ : i a t . ~ ~i n s e r t  ir1t.c (F~6t. l . l reT!j i?~3~J~-1r11?,  ) v s l u i ? s  


( ' D r u g s  ' ,  ' H c r o l n ' )  ; 

I n s e r t  i n t l c  feat~!~-eCandidat~:(I~'eit1:1-t~'I'~~~-:etJ~111ii-:,k'cat1~reCi1nc~ic1~1t+) v a l i ~ r ~ s  

( 'CJ ru !~s' ,  ' P ? O : ~ ~ ! L I I ~ ' 
) ; 
i r i s e r L i r ~ t c )  f e r l t u r t . ( : ? r ~ d i c l s t e  (I.'c.sl l~~- r ' : ypc .b !d~re ,  I ;!,< ! \ ; I , > ,i. ?dL,;r ?Y;~r:: .!i(i: i~. C >  

( ' D K L I ~ : ; ' ,' I > ~ l ~ ~ : : ~ l : ~ ' ) ;  



l n s n l - t  i n t o  :.r~.::;:'~-.l:-I:l:(- ) :';:'!.T.~f . ~ ~ ~ c r . u r c C : a r ~ i l i d : ~ t ~ ( F ' ~ . , ? t . ~ ~ r ~ ' ~ y ~ ~ e l ' l d n ~ ~ , ~ ~ b t  

( ' I ) l . L i i ] 5 '  , ' l .!?t!lr3c-l~>rl~') ; 


i n s c r t  i n t o  f ( ~ : a t l ~ r - c C a n t i : ~ d a t r : ( F c : ~ - : t . ~ . ~ r ~ . , :) \:,:I!j,~s 
( ' L j r u : j , s l ,  " ; I I ~ ! ~ I : ~ L - ' ) ;  
1 r l s t . r  t i i l L o  i e a t u ~ e i ' ~ i n ! . l i d a t e( F e a t u ~ r T y p e M a r n e ,? e d C c r ~ ' C ~ l r i ~ i i d i r I . e) : , s l u e s  
( ' E J I L I ! J S ' ,  ' F i i t e l l t ~ ' ); 
i n s e r t  int.c:l F e a t . i i r e C a r i i i i a t  v a l ~ ~ e sf ; . a t . ~ ~ r e C a r i d i c l . i t . e  ( F ~ a t . l ~ r e T y p e I \ J a m e ,  ) 

( ' D r - I I J ~ ' ,' Rohypr- lo1  ' )  ; 
~ n s e l - t  i n t o  fi-.atureC:ar~i1idat~?(t'ei!t~1r~?'i'y~~eEJ~~mt?,t'c'i1tcreCailiJict.ev a l u e s) 


( ' D r u q s ' ,  ' F l u i ~ ~ L r d z e p c : t ~ i ' ) ;  


- i n s e r t  i n t i ;  F c a t ~ ~ r - c C a r i d l  ) \:a 11.1~si c . s t l 1 r c C a n d i d a t . c  ( F e a t  ~ ~ r c T y p c b I a t i t c ,  d 3 t . c  

( ' D r u : . ~ s ' ,  ' P o o f i e s ' )  ; 

I n s e r t  i n C o  f e a t u r e c a n r - i i d a t s  ( F e a t u r e 7 ' y p e P l a r n e ,  F + a t u r e C a r \ c i i d d L e  ) v d l u e s  

( ' D r u g s ' ,  ' R u f f i e s ' ) ;  

i n s e r t  i n t o  t e a t l ~ r e C a n d i d d t e( F e a t u r e T y p e N a r n e ,  F t ? a t . t ; r c C a r l d i d a t e  ) v a l u e s  

( ' ' , ' ) ;
D i . ~ ~ g s ' R o c i ~ c  

j i i s e r t  i n t o  f r a t i i r ( ? C : i i r l c ~ i d d t e(k'e;i ture ' i . 'y~>eN,~rr:e,  !1a:1:e:.:
! . ' e ; l tu r  r -? .Ct l r>did .~ te  ) 

( ' C : f f e r l s e ? ' ; : p e ' ,  " I ' r e a ~ ; ~ n ' ' ); 

i n s e r t .  I rt tc f (+at. 1.1 r~::'.i ii:iil t e t?I-1c1 (F(-?;? ) ,;.; : I . ..-
( ' 9 t t ( : g : j , ? ' r ; ~ l 2 ( : ' ,  ' b l i . = i p r ~ ? i o n ' ) ;  
~ r i . s e r t  :rit.(; f t I . ' . I : r : I l : : : , ' I : I . j 


( ' O f  iensr?Tyy:t. ' , ' L s p i d r 1 , i q e '  ) ; 

i n s e r t  i n t o  F<!d!.~;rc:Car!*.i icl~~.! :/rll>c>.
f e d l - u r e C ' a r i d i d d t c ?  ( F ~ r d L u r e Y y p ~ ? P I d m c : ,  c 


( ' O f  f e n x e T y p e 0, ' S a b o t . a g e 9) ;  


i r i s ~ r L i r i L u  f e a t  ~ r r e C 3 r l d i d a t e  (Fe.;.?t ~ ~ r e ' : ; ~ p ? r d a r ~ ~ e ,  F'fjc~Li i ~ - e C L i ~ ~ : d i d . : i t e1 v a l u e s  
( ' O f  fc:riseT:;l:e', ' : < i ) v o r t . i c j r i t . y ' )  ; 
1 n s r : r t  i r i t ~ ;  f~~at~:rc~antli~-iat.~:(Fc~rlt~1r~~~~~~~~'~~l~~i~ii:,Fc:~t-~~1-i~~:~r-;~~i::1jl1t.~~vr;li:es) 


( ' r J t f - ~ n 7 ~ : ' r y p c ~ ,  ;
l r > l ? ~ ~ r t i o n ' )  
i n s e r t  ir1t:o f e d t i l l - e ( : a n r i i d a t e  (  k ' e ~ t u r e ' l ' y p e ) tv a l u e s  
( 'C! f f i? t i . ; eType ' ,  ' I l L t ' q d l  E r t L r y  ' )  ; 
lil5;;i~r-l. irlt.c:l f e a t  l l re!7arl t i i : : l ' i t .  ( F e a t . t ~ r c < y p e E 1 ~ 3 m e ,Fi?al:.!.irtCar!Ji:1,'1cC~<) v a l u e s  
( ' i ' f f \ ? n r , c - ! T y p j ? ' ,  'F41s;.  !:it i z r , r ; s h i p 1 ) ;  

1nsr .e l . t  i n t o  :eat~~ireC:~nil~.dar~(F~~i~t.ure7y~~t~PJam~?,E.~~\~~t~i1~~C:~~1~i~i:-1~~tev a l u e s) 


( ' Q f  f e n s e ' l ' y p e '  , 'Srnli!.!c;IInc~' ) ; 


i n s c r t  i n t o  f c a t ~ ~ r c C a n d i d ~ ? t . ~ ~ ( F c ~ % t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ l ~ ~ ~ i ~ c , F c ~ ~ t ~ ~ r t ~ ~ ~ ~ ~ ~ - ~ ~ . i i d ~ ~ r . ~) .J , :~IIC:;  


( ' O f f e n s e ' l ' g p e ' ,  'Abduct'); 

irlser-t i l l t c i  i e a t - u ~ e C ' : ~ r i ~ i i d a t e  F e ~ L c r e C c i r ; c i i c i C ~ ~ ~ i ~v a l u e s 
( F e ~ 1 ~ ~ 1 e T y [ : e t - I d 1 n f ,  ) 

( ' i ) f i t . l - r ~ - e T y p e ' ,'Rap* '  ) ; 
l n s e r - t  1 1 - ] t o  i ~ > a t . l : r e C ; i n d i c l i r c -  (17?st~.:~-c?YyF:.~?I.J~~mc+,Ci!i i l  ('. ) vi;I!,i.:,! . :r~-?:~~;~::~:-l~j~! 
( ' i 7 f  f cr!c:c?'Ty~,:' , 'Sex A:;>) t' ) ; 

i n s e l  t i ntc: f e a t u r  ?C:i111di.id~311? O . ' ? ~ ~ t ~ ~ r e ~ ~ ' \ ; . l ,  I ! ) ::.-:It;:-.,. 

( ' c f r ~ r l ~ ~ e ' ~ ~ ~ ~ : e ' ,' l i f 2 : ! 1 j . : ~ l . ~ e ' ) ;  
~ r ~ s < e l - tk rlt t:: i ~ ~ a t . ! d r c + < : , ~ r - ~ ( i i ~ i a t . e ?  j(F(??t.1.ireT'y[3t:!<:ir:1+?!,F(:,:it : . r + . ~ ' ~ ; ~ . i ! ~ ! ( ~ ~ : j . d ' . ~ !  ! d , + i I.:.>'; 

( ' O t f c ? r l s c T ; / p ~ ' ,  'r<17bI:(.!-j;'); . . 
1 n : ; e r t  1n t c  c1~1r-C: I I I ~ ~ : ' ~ ' - , : I - ; ~ ? ~ ~ ~ I ~ : < : ,  t:!.~.i-~c~ ,-, Jf e z t L I I - ~ C ~ I I ~ !( k ' e ~ ~  ? (:.qL , ; I  J : i , j ,  35,,:; 11:~.. j 
( ' O f i ~ 1 : 5 e T y r . ; e ' ,  ) ;' C u : . l c ~ ~ - - k l ~ ! i ~ '  
lriserL into f e j t u r e i ' a n c i i d d t e  ( F e d t u r e T y p e N d r n t . ,  F e a L c r e C a r i d i d i l t e  ) v z l i ~ e s  
( ' C f f e n s e T y ~ e ' ,  ' T h r e a t .  ' )  ; 



1 n s e l - t  i n t o  f c o t . u r e i : a n d l c l t c  ( F ' e a t u r c T y p c E l a m c ,  F e a t u r e C : a n t  ) v a l u e s  

( ' O f  r e r i z e ' l ' y t ) r ' ,  ' k r s a n '  ) ;  


i l n s e r t  l r i t r ;  i e ; ; t u r e C d n d i d a t e  ( F ~ a t ~ ~ ~ e ' Y y p e t J a r ~ ~ e ,  )
F e a t i : r e C j ~ ~ d i d a t e  v a l u e s  
( ' O f f e n s r T y p e l ,  'Ag?r:5\1 P . s s ; t 1  ) ; 
? n . s c 2 r t  i r i t , :  t c . ! x t ~ j r - c C a ~ ~ t i i ~ ' l a t r .  ) i:,-:l~:~?.s(F'oal~~rc~y~~c~l.l:-~in~:,Ft::~t!,~~~?Cdl:d~-:j~r.~ 

( ' G f t c i i : , e ' l ' y p c ~ ' ,  ' E x t l j r l  ' ) ;  


i l ~ s e r L  i r ~ L o  l e d I - u ~ e C ~ n d i d d t e  F e L i L ~ r e L ' a r l d i d s l . e  )
( F r a t - u ~ e T y p e l \ I s ~ r ~ ~ ; ,  v d l u e s  
( ' O f i e r i s e T y p e : ' ,  ' B u r g l a r y ' ) ;  
11ls; 'rt ? rit:c:l (F . r \ i : t t . t~ t -eTypeName,  )f e a t t ~ ~ - c ~ C a r l t l i ; : l i t . i ?  F?at t t~~rei3ar i~j i ( : l . iLc?v a l i : t s  
( ' C f  f c n s c T y p c '  , ' A b n l - t . l o n ' )  ; 
I n . 5 ~ 1 - tI n t  o f e c ~ t u r c i : a n d ; d , ~ t . r ?( t t c ~ ! t ~ ~ r ~ ? Y y t ~ t ~ I 1 l i ~ m e ,i ! r e C a 1 1 c J i d . 7  t ) v s l  uc!;b '~. , i i t  
( '(Of f e r i i e l ' y p e '  , 'Lb.KCENY' ) ;  

i r i ser t  1 r i t . o  f e z t . u r e C : . l n t l i < l a t e  ( F e a t u r e T y p e N a r r i e ,  F e ' i t t ~ r e C a n t l i < l a t . ; ?  ) v d l u e s  
( ' O f  f t ? n s e T y p c : : ' ,  'P i>~: :ke t .p i : :k ; : -19 ' )  ; 
i n s : - r t  i n t o  ~ ~ , ? ~ I . I ~ ~ C ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ( F ' ~ ~ ~ ~ ~ I I ' ~ : ~ ' ~ ~ ~ [ : ~ C I . I ~ ~ I ~ I ~ ? , F C ~ ; ~ ~ ~ : I - ~ ? ! I ~ ~ I I . C I ~ ~ ~ I ~ ~ - !) ::all!'?:< 
( ' G f f i ? r i ~ ~ ~ ' l ' ~ ; p e ' ,  i f:: l r i : ] '  J ;':;kir!(!l 
i r i s ? r t  111Lcj f e s ! . ~ ~ - t ~ : . ' ~ ~ r i , d : , . l : ~ l (F';:!~:i. :.r!;.~L ,; I (.:!.'ti:-,!: , I . > *  , 1v: ~.;~-~+': ' \ fr~~.:kld!i, t-., .;<, t;: :., 

( ' c ; f t ~ l l 5 ( ? ' T y ~ . . : ' ," I ' ! ~ c > ~ L .) ;' 
i n s e r t  i n t o  ( 1 7 f ? z t t ~ ~ r ( ~ ~ y [ ) e l ~ l a ~ r f - ! ,rc><';1-,,,3~:1.3 ) 1 i . , ~ ! :f ? s t  ~ ~ r c + C a r ~ i l ? c . l ~ i t - c ~  T ; ? c A ~ . . .  (-* , j c 7  

( ' O f f  t ? n r , e T y p c '  , ' F I - a i l i j ' ) ; 

i I I ~ t ~ I f e ; : t u r  ( I ~ ' ~ - ~ : t ~ ~ r o ' ~ y t ! e I ' i ~ : ~ r ~ i e ,  i d.:~t:e ) .ri:i n t o  r ? C : a r l d j c i , ~ t e  t t e i i t .~ : r  ;3Cil11i1 ! L:?!: 
( ' O f f e n s e T y p e '  , ' E n i b e z s i e '  ) ; 
i n s e r t  i n t o  F e i ~ t t t > r e C : a ~ i ( ~ i ( i i i t ~v a l u e r ;f e a t . u r e C a r - ~ t i i t i a t . e  ( F e a t t u ~ - e T y 1 3 e N a ~ n ~ ,  ) 

( ' O f  f e n s c T y p c ' ,  ' F o r q c r y '  ) ; 
i n s e r t .  i n t o  f e a t u r e c a n d i d a t e  ( F e a t u ~ ' e i ~ y 1 3 e t ~ l ~ i 1 1 i  e a t n d ) v a l u e s  
( ' O f f e r l s e T y [ > e l ,  ' D a n a q e  ' )  ; 

i r 1 s e r . t  i r r t o  f e d t  u r e c a r l d i c f a t e  ( F e & t u r e T y p e N d r n e ,  F e a t u r e C a r l d i d a  te ) v d l u e s  
( ' O f f  e n s e T y ~ e ' ,' C o u n t . e r f e i t  i n q '  ) ; 
I n s c l - t  i n t o  f e a t c r c C a n i 1 i d a t . c  (Ft?at i . l rc? 'ypeNamc:,  Fa:xst . t . ! rcCanii i  c l a t c  I v c l  uc3s  
( '!If f+nsc ' l ' y t : t ? '  , ' ( ; t > s c ~ ? r i : . t y ' ) ; 
i n s ~ r t  i n t o  f e a t  ~ i r e C j 1 1 d i 3 ~ 1 t e  E'ei t t  i : r e C c i ! ~ d i d ~ ~ L e  \ ~ t ~ l ~ i e . ;( F ' ~ ~ ' . L I . ~ ~ ~ ~ ' ! ~ ~ E : P . J ~ ~ I I I ~ ,  ) 

( ' O f f r r i x c ? T y p c ' ,  ' R i q a m y ' ) ;  
~ n . r , c : r t .1 r i t ~ :  t c ! a t ~ ! r . e C i l n t i i t l a t c(Fcat~~r-c?l 'yp(?t.Jilr~ie, )F'trat ! ! I - c r J a n c i i d a t c  v a l  Lies 

( '!;I Cc :~ : ;~- ! ' f ;~- )c ' ,' R o o k . m . : : k ~ r ? q ' ) ;  
i r i s ~ r ? I 111.0 t e t t  u ~ e i l a n c i i d a t  )t . ( i . ' c ? 2 t 1 1 1 c ~ ' L ' y ~v ~ l u ~ s  
( ' O f f e n s e l ' y p e '  , ' G a ! ~ ~ b l i : ~ g) ;' 
irlser!. int-c:! f e a t . t ~ r e C a r l t i i ( : i 3 t . e  ( F ~ : 1 ' t ~ r e T y p t ? P J . i m ~ ! ,  F;'al:.~~reCarldi(:lat-eJ valtjc?:; 

( ' C t f ; ? n c c l ' y p e ' ,  ' I . o t  t c 7 r y '  ) ;  


1nsr?1-t .  j n t o  i i r ~ i : : i : ? ~ : i i : - I ; 1 ~ . ( ~: I < ~ I I . , ~ < 
f e a t - u r c C : a n i I ? d - l t r ? ( F ~ 3 ~ t t ~ r c ' ~ y ~ ~ t 3 P J 3 1 r n ~ ? , i ~ c ~ ~ t  ) 

( ' Q f f e r l z e ' l ' y h ! e ' , ' I ? . ? s : i r ! : . i t * , ; ' ) ;  
i n s e r t :  i r i t r ]  ( ~ ' E ~ ~ L : I ~ ? ~ : \ J I ~ ~ ~ ' J ~ ~ I I ~ P ,  r\ j ::.-!!i:,::;i e a t ~ : r e C d ~ l d i , : . ] ? i t ~ e  i ~ ' t ? : ~ t . ~ . ~ ~ r ) : , : i ! : ! : : ~ ~ i . ~ ~  
( ' < . ; ~ f ~ ~ ~ : ; . = . I ~ j 1 : 1 ~ ' ,' , : :~? : . ] t l<- : t i< ; r i ' ) ;  

<I;-::1 c i  1 7 , .  j ,,:,: ' : : , ~ . ,i n : , c r t  i n t c  f ( 7 ~ ~ t ~ ~ ~ ~ : : ~ ~ ~ - ~ ~ i : ~ j ~ 3 t . ~ ! [ f ~ ' ( ~ ~ ; t i : r - ~ : ~y ~ ~ ( ! t ~ l : ~ ~ i : ~ - : , ~ - , ~ ~ j l ~ ~ : ~ ~ ~ ~ ! . ' -

( i C f f e i i $ ~ ? ' l ' ~ ; ] : ; e ' ,  ' t ~ r ~ ) ~ : ~ t : ~ - : i ~ ~ ~ ~ ' ) ;  
f y d t . u ~ e C : ~ r ~ r . i - d , . ~ L ?  I:'~:'?iii. ; 1 . t ~ ~ ~ . ~ ~ . ! : : ~ . ; 1 ~ 1 . 1 .i r l s e r - L  i r lLc .  ( [ . ' ~ ~ I ~ L ; L " " I " I ~ ~ ~ I I ~ I ~ I ~ ~ I I ! ~ : ,  ) ::., ! !.t::-. 

( ' O f  T e l - ~ s e T y p * ? '  , ' L i q u d r  ' )  ; 

l n s e r - t .  j.~.!t.(:> feet t ~ ~ e ! ~ i i r ~ t i i i l ~ t(F-??,!. t;r(:!7y~:*?ll~+n(..,  . .rc.<~,!-~,,:;~:l..i: 1
c, 7<!?.il cz, : J ~ : , :,.,t..s 

( ' i ? f  f ?:lr:a'fyl:t?' , ' P e l - ] t l : - y '  ) ;  
f e a t u r - e C : a r ~ i l j  t ?'I'ypeId-.~~r~e,i n s e r t  L r i t o  d 5 i t o  ( k ' e c : t ~ ~  C ' C ? E I ~ L I Ie c ' a ~ i o 'i d d . l t e  ) : fa1 i:er: 

( ' O f  f e r l s e l ' \ i p e ' ,  ) ;' ? . ~ ~ d r c t ~ i s ~ r i '  
I r~:i!?i-t i r i t , : :  (Ft.at.~.~reTppelJarrlc, e ) v a l  luestedt.ure?r: 'a!-~tii(.i;lt .e F e ~ ~ t . ~ : r e ! : ' a n t l l i l a t  
( ' C f t c ? r l s h T y ~ ~ ' ,  ) ;' T r ~ : . ~ l : a s s i n g '  
i n s e r t  i n t o  k ' e a t ~ r e ' i ' i i n d i d i i t e  )f e a t u r e c a n d i d a t e  ( ~ ' e a t i ~ r ~ ' ~ ' y p e t ~ I i i ~ ~ ~ t ~ ,  v a l u e s  
( ' O f f e n s e T y p e '  , ' C a v e s d r o p p i r ~ g' ) ; 
l n s ? r  L l r l L o  I - ' e C i L ~ r e C a r ~ f i i ( ~ i d t ev j l u e sf e j L u r s i ' a r 1 c i i d u L r  ( F e s L u r e T y ~ ~ e P l ~ n i e ,  ) 

( 'i:f f r r r s e l ' ; . ~ ? ' ,  ' A ~ i t .1t.st.;:t- ' 1 ; 



i n s e r t  i n t o  f e a t - u r e C a n i i i d 2 t c  (F t :a t .u reTypei ' J sme,  F e s t . u r c i : s n d i  d n t c  ) v;.i u c s  
( ' O f  f e n s e ' l ' y p e ' ,  ' C o ~ ~ s e r - v a tic11' )  ; 

DROP TAELE I F  E X I S T S  f e d ~ 1 . 1r e 7 y p c ;  
c r c a t c ?  t a b !  r: t c a c ~ i r [ : I y l : ) c  ( 

t ' e a t u r e ' 1 ' : ; p t : N m  \farc l ' l a r  (:'55) r l o t  ti111' p!-? :1':31l! k7 ;.PC,: 

) ;  

~rlserl:.ir~t .c: ,  f.tel i ~ r r ' T y p ! ?  
l n s c r - t  ~ n t ot + ? a t . u r c ~ ' ~ y p t - !  
l n s e l ' t  i n t c: feet i ~ r e ' I ' y p i  
l n s e r t  i r l t v  fe i?tu r e L ' y p t .  
i n s e r t  l r l t o  i e a t . u r e T y l > e  
i n s e r t  i n t o  f e z t u r e T y p e  
i n s e r t  i n t . o  t c a t u r c T y p ~  
I n s e r t  i n t o  f e a t u r e ' l ' y p e  
ir1ser.t i n t o  f e . i t u r e T ' y p c  
I n s e r t  1nt.c.1 f ? a t . ~ ? t - e T y p t ?  
1 n s 3 ~ - t  l n t  o t e a t  u r e T y p e  
i n s e r t  j .nt  o f c a t u r c T y p t ?  
insert i r l c c :  f e ; ! t u r o ' i ' y p e  
i n s e r t  i r ~ t r ;  f e a t u r - e ' ! ' y p e  
i n s e r t  i n t c  f e a t u r e T y p e  
i n s e r t  i n t o  t c a t 1 l r c T y l 3 e  
i n s e r t  i n t o  f e a t  u l - e ' ! ' y p e  
i r ~ s e r ti r ~ L cL e i i L u ~ e T y p e  
i n s e r t  l r l t o  f e d t u r e T y p e  
i n s e r t .  i n t o  f e a t u r e T y p e  
i n s e r t .  j n t c ?  f c a t u r c ? T y p c  
insert i n t o  f c . a t i ~ r c ' l ' y p e  
i n s e r t  l n t c  f e i t u r e l ' y p t .  
i ~ l s e r t - .1 r1 l  I:. f e a t  i ! r e T y p e  
i n sc: r t i rl  t. '2 1 (-:c-: t 11 t !: ?';J[:I(.! 
1 n s f : r t  i n t c  f r ' , ? t ~ ! t . ? ' y ] : ~ c ?  
i n s e r t  i n t o  f e ~ t u ~e ' : ' y r ~ e  
I n s e r t  i r l t o  f e L - ; t - u r e T y p e  
i n s i ? r t  i 1 1 t . o  f . ; . a t . ~ ~ r e ' T y p t ?  
~ n s c r tin t p  t c a t  u r c T y p c  
i n s e r t .  i n t o  t e a t u r e T y p c  
i n s e r t  i n t o  f e c ? t u r e l ' y p e  
i n s e r t  i n t c  f e a t u r e T y p e  
i n s e r t  i n t s  f e a t u r e T y p e  
I n s e r t  I n t c  f c a t ~ l r . e T y p c  
i n s e i t  i n t c  f e a t u r e ' l ' y p e  
ir~ser-ti r ~ t of e a l - u r e T y p e  
i n s e r t  i r ~ t nf e C i t u r e T y p t .  

(F(dd1.1.t: b-'?!!prN j r t ? - > )  

( Fc-.,: t I I r (-:'i'y pc.I~I.311:~:: ) 

(L'Pst :  I ] ! - ( ?  L ' J  pl~/\l~lll~,<) 

(t'edt.urrl ' ) .~.)el \ larnt :)  
( F e 6 t 1 1 r e T y p r l . l . m )  
( F ~ a t u r e T y p e N s m e )  
( F c ? t . u r c T y p c N a m c )  
(F'eat u r e ' f y p e N s m e )  
('.?at L I  r .e?'ypeNarrle) 
( F e a  t .~ .~r t?TypeNarnt ! )  
( F e a t 1 ~ r r T y [ 2 e N a n l e )  
(Fe,?t II : . t ?? 'y f ieNar!~~)  
(l.'e;ltii:e ' ! ' \ ! p ~ N < ~ l ~ l e )  
( E ' e d t u l - e T y r ) e N d n l e )  
( F e a r u r e T y p e N a m e )  
(F't2at.u r c T y p c N a m e )  
( k ' e a t u r e ' l ' y p e t J a r n e )  
(FedL u r e T y p e N a r n e )  
( F e a t i ~ r e T \ / p ~ e N a r r ~ e )  
( F e a t - u r e T y p e N a m e )  
( F e a t  11 r eTypc?Nanl r : )  
( t ' c at ~ 1 : - c ' l ' ~ j p c 1 J a 1 1 1 ~ ? )  
(! 'eat_urel 'yr)el\ ldrne) 
( t ' r?ri l- l~r~?TypeEJ.in?i:)  
( I : ' , . : f i t  * - (? ' :  y?(-.PJ<:,lr(.~) 
( t7,-: <-I t.1; (, '7' y ;>(-:Pi 3 rnr' ) 

(I'estilTe': ' ) /pt>N.irr~~) 
( T e a L  ~ ; r ' r T y p e N ~ ~ r n e )  
( F e a  t.u zeTypc?Nar t~c?)  
iF'c?..:~l~rc . r l ;pc ' I~I , i t~~r : )  
(Eea t  11r-t?'T'ypet~Ja111c2) 
(k'ei;t ~ ~ r e ' L ' ) / ] , e N a ~ i i e )  
( F e ~ t u c e T y p e N a m e )  
( F e a t u r e T y p e N a r n e )  
( F e a t . u r c T y p c N e r n c )  
( F ' i ~ a t u r e I ' y ~ e N a m e l  
(F'ec3L i ~ r e T y ! ~ e N d r r ~ e )  
(F~.+tu:r:T!~!~tl-Narr!e) 

V<I:I-?.,, ( ' 1 i .1 - I . ,  :it PJ~!:~IL.X,~!' i ;  

I ! ~ ~ ~ I I ( + L( ' ~ A L I ( ; C ~ J L ; I ~ ~ ~ I ~ : L 'j ;  

L r d  l IJ ( ' c; 1 3  :$ !3 L f 1(:.d f.. I 0 ' ) ; 
v a l u e s  ( ' C l o t h i n g '  ) ;  

vd 1 I ICS  ( ' C ( ? f f p n y N c i % ~ :' ) ; 

\ : ~ ~ l . i ~ e s( ' C c ~ n t. r ~ l N ~ 1 : 1 1 h e r' ) ; 

v a l u e s  ( ' U a y O i W u e k '  ) ;  

valu;.:; ( ' ~ a f e ~ f ~ i ~ t . h ') ; 
va! u e s  ( ' H e i , g h t .  ' ) ; 
vs?1 ~ ~ 5( ' L o c a t l a n '  ) ; 

VA?LIF- 'S( ' \ > a r e '  ) ; 
i r a i u e s  ( ' O i i l c e r l d a r r ~ e '  ) ;  

v a l u a s  ( 'i7l:onc?P.l\1ln'.,cr ' ) ; 

v a l u c s  ( 'Race' ) ;  

v c ~ l u e s  ( ' t c u p o r t l l a t e  ' ) ; 
v a L i ~ e s  ( ' R e w a r d '  ) ;  

v a l u 2 . s  ( ' W e a p o n '  ) ;  

v a l u e : ;  ( ' W e ~ j q h t . '  ) ;  

V.3 i 11.?.5 ( ' I t <'lllSt 3 1  Cil  ' ) ; 

l.:.~:llt:~:; ( v ~ j ~ ~ ~ - : ~ ~ ~ : l r ~ . ~ ~ l ~ ~ l) ;  

v a l u e s  ( 'Ger lder '  ) ; 
. ~ a l ~ ~ e s( ' I [ ) '  1 ;  
. ~ , 3 ' t 1 c s  ( ' R T . , n c . a t i n n '  ) ;  

. . -, , c i l ~ ~ e s( ' t L 2 U l P M t ; N ' l "  ) ; 
v t ~ l u e s  ( ' T A R G E T ' ) ;  
v a l u e s  ( ' G R A M ' ) ;  

Uploading a New Release of the BPD-IE System to the Server 
Login to "hddi.csc.lclligh.cdu" and n~oililjlthc follo\ving filcs as neccssrtry: 

"/cxport/w~vw/l~tdocs/so~~~~cc.htnll" 
" l c ~ p o l . t l ~ \ v ~ ~ l h t d o c s / b ~ ~ d ~ i c ~ b i n ~ y -I .  1-zip.html" 
"/~xport/w~~~/~~i-bi1i/gcn/bpd-ic-bir~a1-~~-1.1.zip.cgi" [Atid csccu{abIc pcrrrlissions io 

this filc.) 



"/ex~x~t/www/htdocs/~o~~r~e/RPDIE-b~nary-~~elease_1 1 .YIP"  
Note that ~ O L Imust c d ~ lthe cgi l'llc using a unix editor. 

FAQ 
MySQL und My ODUC vcrslon 

The BPD-IE Sy\rcrn hd\ been ~estcclusing mysql-4 0 20d-win 'und MyOD13C-3.51 10-
xX(,-w1n-321)11 
ODBC connection elrol 1006 1 

You may need to re~nstallthe ODRC cll~verand then restar t your compute] 
MySQL setup eye ha \  the "para~neterrllcollect error" 

Thls 1s becdu\e your rnstalldt~ond ~ r e c t o ~ ycontnlns some unde\~r,lblt:spec.~~ilc h ' i ~ ~ ~ c t e ~ \~n 
the path Please move the ~ n s t a l l ~ ~ t ~ o nfolder to 21 s1111plc1d ~ ~ c c t o ~ ) ,\ [ I L I I  '1s 
"C1:\", and t1)1 setnp e x e  agaln 

Cannot f~n t i"mlc7 1 d ( I l l "  or "m5\c-17l d ( I l l  ' o~Om\\ csp71 ~ 11111" 
Copy ant1 paste the above tiles tlom yoilr " 1  AppI~c ,~~~ont :o l r lc~l \h~n'loltlc~ro 

your MySQI,/hrn foldt:~ 





/ sub Systems 

BPD-FE 
Extract meaningful entities from BPD investigator's 
reports using predefined rules 

BPD-MO 
Search existing investigator's reports using user's 
input or features extracted from the current unsolved 
investigator's report 

Range search 
Fuzzy search 

I BPD-FE I 

,BPD-FE .exe t 

Drag and Drop .B. . 

~imi' tabout thirty documents 



I > 

The flrst document IS selected automatically The or~glnal 
text and features of the document are displayed 
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Style - large Icon 

lulhu dcrctlsd ar 5 leu 6nxhcl  Id imyhny 1% p-dt&-ang. *r*lr riu: W ~ J l DL10 1Xl 

m d h  p a d 1  lhracwd r u r w l  I; d u c ~ b d r r l w r  -try Wny,l l DO
Imrc~n~.cl~nIdl  1r.O 

Change the dlsplay style of the Input docurnents 



/ 

Style - Small Icon 


,Kb\fir.LlnWLI P l a i ' 8 K l ~ r r r l r o l S 1 ~ x ~ ~ ~ ~ h ~  L f 1 2 P ~ 4 1 1 1 t ~Odr  lu n r d m n 4 l l f f ~ ~ W 8  


F \~&IA~JILI P W I W P ~  ~ ~ r n , ~ s ~ ~ ~ e r . h , \ @ r ~ I ~ 
III k.n ~ I O . A ~ ~ L L ' T P L C ~ , ~ ~ ~  


G KsLrq'N*l P ~ u ~ ~ l ~ F i ~ ~ r ~ ~l u  Y r  Jl8xlWlWJi
~ ! n \ 5 ~ : l . ~ ~ > t n \ G d a  J 11117lylLL'r rill,#d 

0 'Po Lu~'14'.1 P~~v..~UUt.rucrn\' y.4w'lmQbr6a kt* %.,\@laU'5OlWG?P&lt< ~ t . c ~ f i ~ r . s!b'* r 
,n ~ R K ~ , ~ ~ N U~ , - ~ \ H P ~ I . , ~ I M M \ % , ~ C ~ \ W ~ I * , A # ~RR 7 I~.XILZ~Lt't I~:'RI "(r *I ,I la,.mh , u l ~ r a n ~  r u ~ ~ f i l ~ y  

R x .  09CU Ua.L bls* b b , L  
Pncr*4hr O M M&c u** M* 



& Previous Document 


-Select the prevlous document to d~splay ~ t s  orlglnal text and features extracted 
-1 

4Next Document 

A 

I 

1 
U3,4CClHP,ZlTo: padsrt!lvl hd 1x1 

" I  

Feaus ~ y ~ e ]  Rln?)p/Cnla~rd> FeatuwValue i Rat y e  SUI, 

Vehlclc l uX) caf car cd8 1 
Veh~ck 1 (XO Hyxda, Hyundal Hy~nd.1 

The Nrpeclr a c  drrcnbed as bbck and applormaisk 21 yea: old The I ~ S I  r u t ~ s c ~rn Ol lenx~T~pe0 7 0  cal~acl~ng c a t a c b q  calack' 
lulhndercrded ar 5 1- 6 n c h e r  tall wnphsnp 150 pounds and wcalmg a w h i t  thml 
ad blre parllr The recand r u r p k l  8s dcrcl8bcd ar lfreIcel reven lncher la1 wcghvg 

Wcllhl 
Werghl 

1 D% 
IWO 

150 
IF0 

150 1 5 9 1  

160 m d r  d s k o  wealng 3 whte s k l  a d  blue pants The  rrcl~rnr vehlclc ( 3  a whsls 
m ) 3  Hyundal Acccnl4 door wlhPmry(vmta kenra &er 123 QWE Anyow wah 
donmaton about lhlr crv~sklog the rumcclr 08 upon realng the vehlric n arksd to 
c d  Belhlchcm Polce at 610 758 3737 

DqlOWsck 
nge 

PhoneNum 

09UO 
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09111 

Tuerday 
n 
610758 1731 

2 

b l U 7 V l i  EIu,'GI 

P x c  O'JN tl-ck t tar l  bl, 1 
PerronNanle 03011 MlHrl Ml-2 M,llu 
Pa!ror*Jemr (I%IUJ Pn>r~rvl.enxl Prmeyh Per02 

I ( ) 

Select the next document to display rts orlglnal text and features extracted 
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&Mete 


I 

Delete the current' document selected One document each trme 
The flles on the hard drlve are not deleted. 
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&!& Open file 

Limit: 



Open file - result 


first document wlll be selected automat~cally Its text and features are d~splayed 

Highlight Features 

.$d;~i*:~Git~f~o;c<~~~.~,r,cm\S,~l&\Dn;D~t
r. 


203 Pa: 0 , sand Pare rn .-i. P orc,\BPD0 \Bac*ur \&.,
D \BscLup\NIJ Pnotccl\BPO-rutlam\SpIsm\hn\Dala lm Lhc demo\OlOZUl warliiar palNed on Lancls Drive 1x1 
D \Backup\NIJ Plolcd\BPD-ryrlcm\Syrlsm\h\Datd lm Ihr dam\0102U4wrpgdlsraclon 1x1 .a;0 \Ba~kup\NlJ P~o1acl\BP0 

I 
mproxmale+ c - l l a t n g  c 3#tack 

lrnlhel darc81bsdar 5 lee1 b d f s i  la11 wtghng 150 parod. .nd weal#* a ~ h r es1.1 W e l b l  1 KXl 150 150 lYl 
adhe panlr The rc~ondrurpecl8r detcl8bed as lhrclcsl tsbcn ~nchet14wcrglnr~ Wllgll 1 OM 1'33 IbU 1LIJ 
160poundr ard dro wcamq a +vhi\r~hl vehrle m a wI4~le 090" Itenla, I 

The tvrpeclr a s  dercltbed er bbcl  a ~ d  21 paas ckj The l ~ t r lrurpccl a OllenseT~oe 07On C~~I>C~I~ IJ  

mdb!-~epmls The +#nrnr DyOlWcrh 
2W3Hwulda)Accent 4 dou d h  P e ~ v l r ~ l v a d  Ape 03llO ? I  - <kenre ~lste.123 OWE Aoyore wlh 
nlo8mal~on abxd Ihrr c~l ldckng the ~ u r ~ e ~ l f  ol upcn rroq the vehrk I $  drkrd lo nwu -1 1 1 
calBelh leha Poltce dl E l0  758 3737 Fhanet4vm CI'W l l 0  '513 37;' 61n75d37 Elflw,: 

OYIO uacr LIOLX tl.,d 
P.llol+4dllle 0 m t.lh )I#* UIIL, 
Perrodlame 0910 Pemrvlvand Pctn.vlv F-I I ,) 

.. 

Locate the feature selected In the document's original text 
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Highlight Features Result 


iD \Back~v\NlJP~o)acl\BPD_rytlcm\Sy~~~m\bn\Data fD Warkup\NIJ P t q a t  nPDlo, lhe derno\O10203 7 C110?01 P&ololr and Pdlcs IX! 

D \B&up\NIJ Pla)ao\BPD-i,rlem\Syrlsm\bm\Dala la Ihe dcmn\010204 rwa~ lLa r  palrlled on Larrla Dlwe 1x1 
bf D \Backu~\NlJ Penacl\BPD rvrlsm\Surlm\b~n\Dala l a  Iha dnna\0lU2C1lwsooall*1ac11~1~ ,>.G P~a~w.l:fll'D1x1 ;Rarkur~\l~ll l 

The Nrpeclr ole derct~bedar b l a h  sndapproxmaleiy 21 yeam dJ Ihe 1u:l wrpecl ,r catldcknp 
l u l l h  &rc!bed as 5 fee l  6 ~r l r l , r ,laU wenfifng 150 poundr and wcrvlng a while 150 
~ h t  160and blue earls lhe r m l d  rurpccls dercrbed ar llvc lee! seven mmer !dl1 
we>- 160 p d t  ard dro wean9 arhlle rh~ i l  erd blur p a t  The vnmt  vet& Tverlhy 2 2 
or a nlvlt 2M3 Hyunda~Amen1 4 dam wilh P m r y l v a ~ alrenre plalcr 123 OWE Age 0 930 23 23 23 
Awns mlhv iama~onabod Ihr  cawcLng the rurpech o wen reeng Ihe w h r k  s 0 900 1 1 I 
arkcd lo call Belhlel~em Poke a1 610 758 3737 o m  610 758 3737 610758J7 610756 

black black black 
MIbl Mael M lie, 
P ~ s y I v e w  P s ~ s y l v  Pcnnry 

I I -> 

The feature w~ l lbe highlighted 
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QSJ/ d Send to server 

all documents wlth text and features to - server 



@ Resize - Maximize 


To Maximize the application window. 
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@ Resize - Maximize Result 
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i
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All components are resized automatically 
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k Resize - Manual 


R a ~ e  0 3UO black 
Pe,ro<~Nan,t 0 YOU Mil. 
Pasunl4ama 0WJ Pernqlvama Pcrnrylr Pe 

To manually reslze the appl~cation window 



$ Resize - Horizontal Splitter 


I 

I 
:< > '  

\ Chanae the slze of the document name lrstvlew 

/ Resize - Horizontal Splitter 
$Result 

1 on*... 1,v 
IWI,, 
iwonr
!@b,6hbJF.'c* 

mailto:@b,6hbJF.'c*


.r10 UrupWl l~ ~ I \ P P D - ~ S - . I ~ \ I ) * ~ - W V J I D  1031 R$'rl l )a 1 a C b  R d w c  #arr d n m \ n l W l  'l?.QI&C,IP 
,;.o \OK>,U\NII P~w~BR,-*,~u~:sv<.~.(~~.(~D*~ p a  W NL ~ ~ o I ~ H I ~ s o I o ~ ~ ~ : H P : ~ . ' ~ :  

< 	 > 

$om,.r. uu, ~k*rh24 &new -9h&>m Pdc. r 61U '591'0 4; : = : <  n 21u 71i r - ;g g,FS3'31 C l a m ?  CluW 
N I L  U r k  

rti(*Hn* U P 2  M k  M h  M b  
IP",c*r<" am Pnmlrrr* P".",,. 6 r n . y  

I. " 	 > 

Change the size of the feature llstvlew 
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i	Resize - Vertical Splitter 
Result 

m ----	 .- t u n  ..l w r ~  .- I% 
I?r..,,d' + r d . & d u  L u l rd*pwd,&,2, *r; \ r r J d  1303 la 
Ml lwm<~ ~ r r l n 8 4 h .a ' ~ h J . # : l e * S # - u I  DlbOW- L W In& 
~cyt9)pamr.dr-r-h4.daparIlaA~ O W !I 21 2) 
la~.Jwia.c~.br,MaI..)a 9 a . n i u c . l  - 4 .v  ay am a 21 I 
l ~ ~ ~ ~ ~ & ~ * * ~ ~ * ~ ~ h n ~ \ ) l * ~ ~ lh.ml*i,.mL W  61013~?l l  L I ~ ' S B ~lh 	 l 1 0 1 h ~ i  
. u m ~ . ~ ~ r ~ r N 0 3 r b d r b a s . l m r4 1 1  R, - ha,. ,,.., 
.rM*~cdbr*r0m PoLX d 6 1 0 q i i 3 7  



~dbjia.EPD-blO.exe,b&jgJ ..;i.;* . 
Drag and Drop 

One document each t~me 

1R5ROO5 25 



The document's orlglnal text and features extracted are displayed\ ,' 






I & Search Result - Sort Result 

/ 

The document w~th  the h~ghest score w ~ l l  be the most related document 
In thls case, the suspect's physical description In the carjacking and bank 
robbery lnc~dents are slm~lar 
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Search Result 
&$ - Document content 

\ Click a document to show ~ t s  orla~naltext and features I/ 



I 
/ Search Result 

& - Highlight Features 

Click a feature to hrghl~ghtrt in the document's orrg~nal text 

Search Result 

& - Splitters (Resize) 


\ All comwonents can be resrzed manuallv 1 



1 aSearch Result - Close 

Two ways to close the result window 
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Select All Features 

34 



& Search - Change Importance 


Ih I r r r m c l w r d L l u M d l  oUwk Y . ~ . I W ~ * T  v - e + s ~ ) I f U ~ .  I P O w n J s  ~ r n a n t r r L u abid t le ra:a a . s a N t c u  v , , ~  

w m r  &err 


-.~ ~ ~ _ _ ~ L " P P ~ ~ c Y u s ' . ~ ?L . - - .":2 

--
R*%?Cnj_ 

--
~ 

- --- .------ R - ? Y  St?! - -
B C b l l m g  5 o rben a t b r  (rr(,k wr l r c  L 0.1, 0 M u ,A p<rTir *~rnaxr b l ~ e  n r p l ~ r m u ~  


~ U l l m r c T v p c  3 rrbotv foh5ru ~ n M r r v  


H W a &  2 1 Y I l n l 9  1'0 1% 


E I w w  1 1811 1e~ 153 

B~apw* ? I*$* 2 

Qk e  3 :J ZI ?3 

el&= 4 I"**. 20 P 

ElHacs 5 Uxi tl&) tld 

@Pmr-ulNm 6 P d l c w t  F a t m ~  Pmstw 


D~fferentfeatures can have d~fferent ~mportance during search 

The default values are derived from the rule developer. 
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Highlight Features 

- - " - - -"- . " - - I 
I 

8el* oIAmlr;rd r p ( r u l a  lbm t n r r  l v r d w  & : ~ ~ a &  
4thrred seamam tmplwla aI& n a w ~ ~ N B d n . ~ ~ ~ ~ i l ~ l * o J e t ~ d e d n r * ~ ~  - 1Irr r, l n . c . ~ r ( I r J  ydlruplr 

n d c b r n )  anvrr d coh The l l O w J l h n  e r w o r w d r  .unsl410cf.r++jw a#-n ma ~ m a n h dca:h Ih: v . , r ~ * , . .  


&d MhUmo r u r p d ' i  Urmrldr ltc w y s ~ Iurn4JII hun sa iU~xcN e d k  .#cwtvrrrw b l  


D~fferentfeatures have d~fferent colors 
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'q Clear Highlights 

Iha 8r* o f h s a dl -or 16Xh*rr Iwrdrv A 2 3 y w d  
Lza du J a r d d  namy Ttte n.ml a i d e d  avltchruitled 

rdtndrc(odaaxld cash T h o  n ~ ~ c l~ o w J s d  dPO t n d c y s d  m r Ida md d i k  T I *  rklm d * ~~ U I  a V(IWV(IW 


r e vdh Ihr ruspclId c n n d s  T h  1.zpc1lhsn fa Itom Ur dole N*I nnm ruwad a, 


By select~ng the eraser, the cursor becomes an eraser 

Click the document's orlglnal text to remove all hrghllghtlng /' 
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Another document can be opened for a new search 
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I Open file - result 

'<Imj Fwz).M&ch /O 
kl w nvctlQelnQ a c a l ~ k l n owllich occrl~ledn t h e  P ~ k o  B~ l l ' ~ l t l ~e rnLab localtdm tt,c Perlei Avrnr~ew~ 0858 I luxr  

handpvnr and dcmanhd tha vlct~m't ca L z r r  11,s ricllm ldd ihc ru<perdr ttl& lilt Lays w w i  nIlmr rao a! u*l*rh trnr ~hce,:re, 15 on1 
a o  the car a d  duve aura). Ihe rrt~r,>war no1muredI 

r Switch Search Method1 w-*UFeatures -3 Form 

F*.IY@TI* ! IWVIWI -- dLaL--.----- * IF.~"&v& l n a i r Slat 



Switch Search Method 

w ~ e a t u r e s3 Form (continued) 


L ................ - . . . .  -..-.-- . I  

All feature types are from Invest~gator's reports and BPD d ~ s c u s s ~ o  

Farm Search 



I Form Search - Result 

Fuzzy Match - Edit Distance <= I 



