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(57) ABSTRACT 

The invention disclosed herein concerns a data processing 
means for user tunable and selectable searching of a data 
base Wherein the data contained therein have associated 
descriptive properties capable of being expressed in numeric 
form. A quantized vector representative of the descriptive 
properties is created for each item in the database. This 
quantized vector becomes the ?ngerprint for each data item. 
The user submits a query item to be matched against the 
database for similarity. A ?ngerprint is calculated for the 
query item. The user may then assign Weights to the indi 
vidual descriptive properties based upon perceived impor 
tance. A neWly Weighted ?ngerprint for the query item is 
then compared With the Weighted ?ngerprints for all the data 
in the database. A list of results sorted in order of decreasing 
similarity is presented to the user. The user may then change 
the previously assigned Weights and then re-run the simi 
larity search. This may be done as often as necessary to 
achieve the desired results. The invention describes similar 
ity searching in a generic database. HoWever, this invention 
is particularly desirable in databases containing chemical 
compound structure data or biological response screening 
result data. The process described herein may be run stand 
alone or as a preliminary screening search in a large data 
base. If used for screening, it can greatly reduce the amount 
of data required for exactly matching a query item to the data 
in the database. 
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Molecular “?ght : 415.38 
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Spectral Tranfonnation Matrix _ 
J 029 0.71 0.41 0.29 0.22 0.18 0.15 0.713 V 0.11 0.11 0.10 0.09 

0.29 -0.71 0.41 0.29 0.22 0.18 0.15 0.13 V 0.11 0.11 0.10 0.09 
0.29 0.00 -0.82 0.29 0.22 0.18 0.15 0.13 0.11 0.11 0.10 0.09 

i 0.29 0.00 0.00 —0.87 0.22 0.18 0.15 0.13 0.11 V 0.11 0.10 0.09 

0.29 0.00 0.00 0.00 -0.89 0.18 0.15 0.13 0.11 0.11 0.10 0.09 
0.29 0.00 0.00 0.00 0.00 -0.91 0.15 0.13 0.11 0.11 0.10 0.09 
0.29 0.00 0.00 0.00 0.00 0.00 -0.93 0.13 0.11 0.11 0.10 0.09 

A 0.29 0.00 0.00 0.00 0.00 0.00 0.00 -O.94 0.11 0.11 0.10 0.09 
V 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.94 n 0.11 0.10 0.09 

0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.95 0.10 0.09 
0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.95 0.09 
0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.96 
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SYSTEM, APPARATUS, AND METHOD FOR USER 
TUNABLE AND SELECTABLE SEARCHING OF A 
DATABASE USING A WEIGTHTED QUANTIZED 

FEATURE VECTOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a US. nonprovisional utility patent appli 
cation that is also described in and claims the bene?t of both 
US. provisional patent application Nos. 60/383,952 ?led on 
May 29, 2002, entitled MACHINE, METHOD AND 
ARTICLE OF MANUFACTURE FOR A SELECTIVELY 
SEARCHING A DATABASE OF CHEMICAL COM 
POUNDS, and 60/384,305 ?led on May 30, 2002, entitled 
MACHINE, METHOD AND ARTICLE OF MANUFAC 
TURE FOR SEARCHING A DATABASE OF BIOLOGI 
CAL ACTIVITY SCREENING RESULTS, said provisional 
applications being incorporated by reference in their entirety 
herein. 

REFERENCE TO AN APPENDIX 

[0002] Accompanying this patent application is a CD-R, 
bearing the electronic title “Gange & FramroZe,” the con 
tents of Which comprise a program listing in ASCII text ?le 
format entitled LISTING.TXT, being of siZe 86 KB and 
having been created on May 29, 2003. The contents of said 
CD-R is incorporated by reference herein. The CD-R is hand 
labeled as folloWs: 

[0003] Non-Provisional Patent Application Dr. David 
M. Gange & Dr. Bomi P. FramroZe Filed: May 29, 
2003 Docket No.: 51900-ROW2-01-001 

[0004] Attached to this application and made an integral 
part hereof is an APPENDIX comprising the identical pro 
gram listing as that found on said CD-R. 

BACKGROUND 

[0005] 1. Field of the Invention 

[0006] This invention relates to data processing and spe 
ci?cally enabling highly efficient searching of a database 
Wherein the entries can be characteriZed using a set of one 
or more descriptive properties that can be expressed in 
numeric form. 

[0007] 2. Description of the Prior Art 

[0008] Modern database management systems have been 
used since the early 1970’s. Commercial database systems 
mostly concentrate on ?nding exact matches. Searches are 
performed either to ?nd a speci?c entry, or to ?nd multiple 
entries having the same characteristics. Attributes of the data 
often become ?elds. An exact search can be made to ?nd a 
speci?c person by looking up his name or social security 
number. A search can be performed to ?nd multiple indi 
viduals having the same occupation or place of birth. Alter 
natively, one may locate all people born before a particular 
date. Whether a single entry or multiple entries are found, 
this type of query constitutes an exact search. Exact searches 
try to exactly or relationally match one or more ?elds in 
different data records. 

[0009] Similarity searching of databases has been around 
for several years. A similarity search compares tWo or more 
entries in their entirety to determine hoW closely they match 
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one another. Consider the folloWing simple database con 
taining entries of various animals that ?y: 

[0010] a house-?y 

[0011] a bat 

[0012] a hummingbird 

[0013] a dragon?y 

[0014] a ?ying ?sh 

[0015] a haWk 

[0016] The question: “Which are most similar?” is not 
meaningful Without additional input. A proper ansWer 
requires input of the key dimension. If “feathers” represent 
the key dimension, then the haWk and the hummingbird are 
most similar. If “the ability to ?y stationary” is the key 
dimension, then the dragon?y and the hummingbird are 
most similar. Other possible key dimensions could be 
metabolism, life span, body temperature, etc. Therefore, the 
ansWer to the question: “Which are most similar?” is sub 
jective depending upon the preferences of the person sup 
plying the ansWer. 

[0017] For a more complicated residential real estate data 
base, a potential buyer Would be looking to buy a home by 
expressing preferences that become the parameters for a 
similarity search. Such parameters might include number of 
bedrooms, type of house, asking price, neighborhood, qual 
ity of the local school system, property taxes, age restric 
tions on residents, home-oWners’ associations, etc. Cur 
rently, a real estate agent Would ?rst screen for homes 
having a speci?c most desirable characteristic (e.g., neigh 
borhood or number of bedrooms). Then, the agent Would 
look for the next desirable characteristic. The process Would 
be repeated for each parameter, each search yielding a 
number of homes for consideration by the buyer. Where a 
particular home appears in the search results multiple times, 
it is more likely that the agent can make a sale. HoWever, a 
binary feature vector may be created using these and other 
parameters, and a similarity search can be performed to 
match a potential buyer’s preferences. This search Would 
generate a list of homes approximating these preferences. A 
binary vector could indicate Whether or not the buyer is 
interested in a particular feature. The homes can then be 
compared in their entirety by computing the mathematical 
distance betWeen their feature vectors. In the rare instance 
Where an exact match is found, the distance betWeen the 
vectors Would be Zero. HoWever, if the distance is not Zero, 
the smaller the distance betWeen the feature vectors of an 
ideal home and an available home, the more similar they are. 

[0018] This technique has been found to be particularly 
useful for searching in databases containing chemical struc 
tures. Databases of organic chemical compounds can con 
tain millions of records. An atom-by-atom and bond-by 
bond search becomes more dif?cult as the siZe of the 
molecule increases. Even Were the organic molecules to be 
pre-classi?ed according to speci?c features, queries to ?nd 
exact matches of these features might still yield questionable 
and non-useful results. Furthermore, in large databases, 
exact match searching can be extremely time consuming. 
Similarity searching in a large chemical structure database is 
a method of screening for compounds Which are closely 
related to one another but may not exactly match. Such a 
screening query can also be used to shorten the list of 
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compounds to be matched thereby resulting in greatly reduc 
ing the overall query time. In fact, several screening 
searches using different algorithms may be performed that 
Would yield a manageable list of chemical compounds that 
Would then be exactly matched in an atom-by-atom and 
bond-by-bond search. 

[0019] A chemical structure similarity search may be 
performed by creating a chemical fragment dictionary or by 
using an algorithm that generates chemical structure frag 
ments. A fragment consists of a grouping of atoms attached 
to one another by speci?c chemical bonds. All of the 
compounds in the database are parsed to determine Whether 
or not a particular fragment is present. Associated With each 
compound is a binary vector. Each element of the vector 
represents the presence or absence of a speci?c fragment. 
This binary vector then serves as an index for that compound 
in the database. NoW a search can be made to ?nd a 
compound in the database that is similar to a substance that 
interests the user. The distance betWeen the vector for the 
neW substance and the vectors of compounds in the database 
can be calculated. The results can then be returned in order 
of decreasing similarity. 

[0020] In another application, chemical compounds, natu 
ral products, fermentation broths, and other substances are 
often tested for biological activity, or pharmacological activ 
ity. The results of these tests are often stored in electronic 
databases. Biologists and chemists are often interested in 
searching a database of biological screening results for 
substances With an activity pro?le similar to a given bio 
logical activity pro?le. For example, in the development of 
an antibiotic a scientist might be interested in substances 
shoWing good activity against gram-positive bacteria and 
one species of gram-negative bacteria. The pro?le of such a 
substance Would have strong activity values for the several 
gram-positive and one gram-negative bacteria under con 
sideration and Weak activity values for the rest of the 
gram-negative species tested. In addition, physical proper 
ties of the substances, such as LogP, molecular Weight, 
molecular siZe, pKa, and other physical properties may be 
considered. One method that can be used to examine bio 
logical screening results and property data is similarity 
searching. 

[0021] In this type of database, a feature vector or a vector 
of test results can be formed Where binary values Would not 
be used. In this case, it Would be desirable to create a vector 
Where a speci?c element Would refer to a particular feature 
or test, and the vector Would contain numeric values other 
than one or Zero. The distance betWeen vectors may be 
measured, and distances Would represent the degree of 
similarity betWeen entries in the database. 

[0022] Similarity searching using quantized vectors is 
prior art. HoWever, prior art searches have been performed 
according to a ?xed searching algorithm. In a chemical 
compound database, the user might Wish to perform a 
similarity search based upon substructure comparisons, and 
the data processing system Would provide an ansWer as a 
sorted list of compounds. When process development chem 
ists search for similarity in chemical compounds, some parts 
of the molecule are more important to them than other parts. 
Therefore, When performing a search, they Would be inter 
ested in establishing a higher search priority to the important 
substructures and a loWer search priority to the less impor 
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tant substructures. Assignment of search priorities is arbi 
trary and based upon user preference. If priorities of sub 
structure preferences can be dynamically assigned, then 
should the results of the search not be What the user desires, 
the user can reassign substructure priorities, thereby re?ning 
the search results. The units of assigned priority or Weights 
can be arbitrary, and only their ratio to each other is 
important. 
[0023] In the previously mentioned residential real estate 
database, the similarity search revealed homes having all of 
the features that interested a potential buyer. Yet, for some 
potential buyers, certain items are more important than 
others. For example, for a family With four children, pur 
chase of a house With ?ve bedrooms and the quality of the 
school system might be more important than asking price 
and property taxes. Yet these latter features could also serve 
as in?uencing factors. In such a case, being able to assign 
higher priorities to certain features and loWer priorities to 
other features Would result in a more meaningful search. 

[0024] The underlying mathematics for this search is very 
broadly applicable. It can be used inter alia in biology and 
medical databases, in physiology databases, in anthropology 
databases, in photography databases, and in taxonomy data 
bases. It is practical Where a characteriZation vector can be 
applied to the description of the data. 

[0025] It is an object of the invention described herein to 
create a computeriZed system that Will perform similarity 
searches in an electronic database Where the entries have a 
set of one or more descriptive properties capable of being 
expressed in numeric form and Wherein the user can assign 
Weights or priorities to the descriptive properties so as to 
in?uence the similarity searches. 

SUMMARY OF THE INVENTION 

[0026] The invention disclosed herein is a data processing 
product and method that permits computeriZed similarity 
searching of an electronic database using a quantization 
vector. The quantiZation vector, a linear array of descriptive 
properties of the entries in the database, is maintained by the 
system. Different datatype representations of the quantiZa 
tion vector may be implemented. The system examines the 
structure of a query item in terms of its knoWn descriptive 
properties. During examination, the quantiZation vector is 
established. This vector represents the query item’s “?nger 
print.” The system then searches the entire database for 
identity or similarity to the query item by comparing the 
vectors. The system further permits the user to set numeric 
priorities for the descriptive properties in a user friendly 
environment, said priorities to be used in the search for 
entries that are similar to the query item. An object of the 
invention is to provide a simpli?ed searching system for 
naive and infrequent users. In one of the embodiments 
presented herein, a computeriZed user tunable system is 
disclosed that selectively searches a database of chemical 
compounds. In another embodiment presented herein, a 
computeriZed user tunable system is disclosed that selec 
tively searches a database of biological activity screening 
test results. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 is an overvieW program ?oWchart shoWing 
a current computeriZed method of performing similarity 
searches for a generaliZed database. The method shoWn is 
prior art. 
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[0028] FIG. 2 is an overview program ?owchart showing 
the computerized method of the invention disclosed herein 
being used to perform similarity searches for a generalized 
database. 

[0029] FIG. 3 is an overvieW program ?oWchart shoWing 
the computeriZed method of the invention disclosed herein 
being used to perform similarity searches in a database of 
organic chemical compounds. 

[0030] FIG. 4 shoWs the screen vieW of the chemical 
structure of the query compound, Trova?oXacin, as draWn 
by the user With one of the standard chemical draWing 
softWare packages and input into the search program. 

[0031] FIG. 5 shoWs the structure of the query compound 
having been parsed or ?ngerprinted according to chemical 
structure fragments in a fragment dictionary. Only tWelve 
fragments are shoWn on the screen in the ?gure. HoWever, 
a slider on the right edge of the screen may be used to 
display additional fragments. An adjustable slider With a 
numeric scale is associated With each fragment shoWn. 

[0032] FIG. 6 is the screen of FIG. 5 after the user 
adjusted some of the sliders so as to assign Weights to their 
associated fragments. 

[0033] FIG. 7 shoWs the results of the similarity search for 
the query compound With compounds in the database. The 
?gure shoWs ten out of ?fty compounds returned as part of 
the search. 

[0034] FIG. 8 shoWs a program How chart for a speci?c 
implementation of the program in FIG. 3 in Which the 
screens shoWn in FIG. 4 through FIG. 7 are used. 

[0035] FIG. 9 is an overvieW program ?oWchart shoWing 
the computeriZed method of the invention disclosed herein 
being used to perform similarity searches in a database of 
biological responses to various compounds. 

[0036] FIG. 10 is a MICROSOFT EXCEL spreadsheet 
divided into three parts, FIGS. 10(a), (b), and (c), done so 
because the entire spreadsheet could not conveniently ?t on 
a single draWing sheet. The data represented in the spread 
sheet (the LEWI Data) represents the biological response 
test data of rats to various tranquiliZers. 

[0037] FIG. 11 represents four screen prints of the pro 
gram shoWn in FIG. 9 operating on the data shoWn in FIG. 
10. 

DESCRIPTION OF THE PREFERRED AND 
ALTERNATE EMBODIMENTS 

[0038] It is feasible to perform similarity searches in an 
electronic database of items, Wherein said items possess a set 
of one or more descriptive properties (related to the items) 
that can be expressed in numeric form. Similarity searching 
in such a generaliZed database according to current technol 
ogy may be performed in a computer using the method 
shoWn in FIG. 1. 

[0039] 1. Auser submits a query to the system. The query 
may be submitted using different formats, but a query item 
must be able to be classi?ed according to its descriptive 
properties. The descriptive properties may have inherent 
numeric values (e.g., test results, characteristic values, 
prices, ASCII values, checksums, etc.). Alternatively, they 
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may have binary values (‘one’ indicating the presence of a 
feature and ‘Zero’ indicating the absence of the feature). 

[0040] 2. The query item is parsed according to its descrip 
tive properties. The descriptive properties are analyZed by 
comparing various elements of the query item in sequence to 
standardiZed descriptive properties previously entered elec 
tronically into the computer. The characteristics of these 
descriptive properties may be pre-stored in an electronic 
dictionary or be generated dynamically by some program 
algorithm. HoWever these descriptive properties are pre 
sented for comparison With the query item, the query item is 
analyZed for the presence of absence of a particular property, 
and its numeric value is noted. A quantiZed vector is formed 
Wherein each element in the vector represents a value for a 
speci?c descriptive property. The quantiZed vector can be 
thought of as a “?ngerprint” for the query item. 

[0041] 3. The database contains entries of similarly 
describable items, each such item having been similarly 
pre-parsed into quantiZed vectors. The quantiZed vector (or 
“?ngerprint”) for each entry is stored in the database and 
associated With its entry. Therefore, a distance may be 
computed betWeen the vector representing the query item 
and each vector representing each and every item in the 
database. The closer the query item vector is to a vector 
representing an entry in the database, the more similar the 
query item is to that database entry. 

[0042] 4. The results are sorted in order of similarity. 

[0043] 5. The sorted results may be stored for future use at 
the user’s discretion. 

[0044] 6. The sorted list of database entries is then pre 
sented to the user. 

[0045] The computation of vector distances in step 3 
above may be calculated, inter alia, as the standard Euclid 
ean Distance, the Tanimoto Coef?cient, the Hamming Dis 
tance, the Soergel Distance, the Dice Coef?cient, or the 
Cosine Coef?cient. Other types of similarity measurement 
may also be used. 

[0046] The most familiar method for computing the dis 
tance betWeen tWo vectors, thereby comparing their overall 
similarity, is to measure the Euclidean distance betWeen 
them. This is done according to the Well knoWn equation: 

1:” 1/2 [1] 

1:1 

[0047] 
[0048] D A)B=the distance betWeen vectors A and B; 

Where: 

[0049] j=the indeX to a speci?c vector element; 

[0050] n=the number of elements in the vector; 

[0051] XjA=the value of the jth element in the A 
vector; and, 

[0052] XjB=the value of the jth element in the B 
vector. 

[0053] This is the familiar process of obtaining the differ 
ence betWeen each of the elements in the same position in 




































































































