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1. PURPOSE

NCI Bioportal has two major user interface components: Visualization and Search. The purpose of this paper is to describe a methodology for implementing the Search function. Table 1 shows the set of parameters the user would specify when performing the search function. The actual matching will be performed by LexBIG API which is beyond the scope of this discussion. 

Table 1.  Search Paramters.

	Item No.
	Parameter
	Description

	1
	Coding scheme name
	The name of the coding scheme (1). 

	2
	Search text
	The search criteria.

	3
	Match algorithm
	The algorithm used in identifying concepts that meet a collection of conditions. NCI Bioportal supports exact match, or contains, or sounds-like algorithm. 

	4
	Search class type/name or ID indicator 
	It is equivalent to a Boolean variable. If it’s set to true, then search will be performed on concept code (i.e., ID) and preferred presentation properties.(2) 

	5
	Search synonyms and definition indicator
	If set to true, then search will be performed on all synonyms (i.e., all properties of LexBIG’s Presentation type identified as non-preferred) and properties of Definition type (2); otherwise, no search on such properties will be performed.

	6
	Include obsolete concepts indicator
	If set to true, then the search will include both active and inactive (i.e., retired) concepts; otherwise, matches would only be performed on active concepts.

	7
	Property name (4)
	A property name,; for example: FULL_SYN and CTRM_ID in NCI Thesaurus

	8
	Role name (4)
	The name of a role relationship(3) ; for example, Gene_Plays_Role_In_Process

	9
	Association name (4)
	The name of an association relationship (3); for example, Concept_In_Subset


Notes:

(1) The Quick Search function can be applied to multiple coding schemes, but for the simplicity of this discussion, we will focus on the single coding scheme case.

(2) In LexBIG, there are five categories (i.e., type) of properties:  Comment, Definition, Generic, Instruction, and Presentation. Examples of a property of Presentation type are Synonym and FULL_SYN. A property of Presentation type can further be categorized as either preferred or non-preferred.

(3) The primary difference between a role relationship and an association relationship is that a role relationship is inherited by sub-concepts of the source node; an ordinary association relationship does not have this inheritance property.  In LexBIG, roles and relationships are specified in separate Relations container. Refer to LexBIG documentation for more details on Relations containers. 

(4) The algorithm described in this paper would be implemented in NCI Bioportal for supporting Quick Search and Advanced Search functions. Parameters 7, 8 and 9, property name, role name, and association name, are applicable only to Advanced Search. 

2. NOTATIONS AND TERMS

Table 2 contains a list of notations and terms used in describing the search algorithm.  

Table 2. Notations and Terms

	Term
	Description

	Coding scheme (C)
	A LexBIG coding scheme representing an ontology, or a vocabulary, or any other form of similar data supported by LexBIG data model.

	Coded node set (S) (abbreviated as a set)
	 “A coded node set represents a flat list of coded entries.” – LexBIG javadoc.

If  S is the set of all concepts in the specified coding scheme, then S can be any subset of S.  

	Role relationship (aRb)
	A role relationship between two concepts in S.

For example: 

[TOP3B Gene (C38365)] ( (Gene_Plays_Role_In_Process) ( [Cell Aging (C16394)] 

It’s a unidirectional link in a graph consisting of a source node, a directional edge, and a target node. Here, a node is a concept in S and an edge is identified by the corresponding role name.

	Association relationship (aAb)
	Similar to a role relationship, except that the relationship is an association, instead of role. 

For example, 

[Mesna (C192)] ( (Concept_In_Subset) ( [FDA Established Names and Unique Ingredient Identifier Codes Terminology (C63923)]

	Link (in a coded node graph)
	A role relationship or an association relationship.

	Coded node graph (G)

(abbreviated as a graph)
	“A virtual graph where the edges represent associations and the nodes represent concept codes. A CodedNodeGraph describes a graph that can be combined with other graphs, queried or resolved into an actual graph rendering.” -- LexBIG javadoc.

(It is helpful to view a Coded node graph as a collection of role or association relationships.)

	Restriction (r)
	A constraint, or a condition, imposed on a coded node set, or a coded node graph. 

	Coded node set S with Restriction r (S|r)
	A subset of S obtained by imposing a restriction r on a coded node set S. 

	Search text (t) 
	A target string or search criteria

	Stop word
	A word that does not have a significant meaning within a specific subject domain; for example, “for” and “the”.

	Search text (t*)
	A string obtained by pre-processing original the search text. The pre-processing operations would be described later. 

	Word (w)
	An individual token in t.


3. SEARCH ALGORITHMS
Denote the coding scheme by C. Let t be the user-specified search text (Parameter 2 above). Let t* be the new string after pre-processing operation is performed on t. Then the algorithm for finding all concepts in C that matches with the collection of parameters specified by the user is the following.

Table 3. Search Algorithm.

	Step 
	Description

	1
	The first step is to pre-processing the search text, t according to the following: If the Match algorithm (Parameter 3 above) is set to “exact match”, then no pro-processing is required except the trimming of the leading and trailing while spaces, go to Step 2 after trimming of t; otherwise, preprocess the search string t according to the following:

· Trim the leading and trailing white spaces

· Tokenize the original string, t, into individual words, 

· Remove stop words (refer to Appendix below), 

· Concatenate tokens back together using the word, “AND” (So, the new string t* will have the form, w1 AND w2 AND w3 ….) 

For example, if the match algorithm is “sounds-like” and the search string is  “blod screning” with two obvious typographical errors, then the resultant new search string, after pre-processing, becomes “blod AND screning.”  (1)

	2
	If the Search class type/name or ID indicator (i.e., Parameter 4) is true, then skip Step 3 and 4 and go directly to Step 5. 

	3
	Set S1 = S (i.e., the set of all concepts in C). 

	4
	Impose the following restriction, r1, to S1:

· Either concept code equals t*, or 

· At least one property of a preferred Presentation type (e.g., Preferred_Name in the coding scheme NCI Thesaurus) exists that matches with t* according to the specified match algorithm.

Denote the resultant restricted set by S1|r1.  

	5
	If the Search synonyms and definition indicator (i.e., Parameter 5) is true, then skip Step 6 and 7 and go directly to Step 7. 

	6
	Set S2 = S (i.e., the set of all concepts in C).

	7
	Impose the following restriction, r2, on S2:  

· At least one property of non-preferred Presentation type or a property of Definition type exists that matches with t* according to the specified match algorithm.

Denote the resultant restricted set by S2|r2.  

	8
	If the Property Name (i.e., Parameter 5) is not specified, the skip Step 9 and 10 and go directly to Step 11.

	9
	Let S3 = S (i.e., the set of all concepts in C).

	10
	Impose the following restriction, r3, on S3:  

· At least one value of the specified property (Pamameter 7) matches with the specified match algorithm. 

Denote the resultant restricted set by S3|r3.  

	11
	Find the set union of S1|r1, S2|r2, and S3|r3.  Denote it by S*. (Note: if Si|ri is not undefined, treat it as a empty set.)

	12
	If the Include obsolete concepts indicator (Parameter 6) is true and neither Role Name and Association Name is specified, then S* contains all concepts that match with user specified parameters. No further action is needed. Stop.  

	13
	If the Include obsolete concepts indicator is false. Impose the following restriction, r4, on S* (2):

· Exclude all retired concepts.

Denote the resultant restricted set by S*|r4.  Set S* = S*|r4.

	14
	If both Role name (Parameter 8) and Association name (Parameter 9) are not specified, then the set S* contains all concepts that match with all specified parameters. No further action is required. Stop.

	15
	If Role name is not specified, set G1* to an empty set and go to Step 19. 

	16
	Let G1 be the graph containing all relationships (i.e., links including both roles and associations) defined in C. 

	17
	Impose the following restriction, r5, on G1: 

· Include only links that have the specified role as its edge.

Denote the resultant restricted set by G1|r5.  

	18
	Impose the following restriction, r6, on G1|r5: 

· Include only links that have a concept in S* as its target node.
Denote the resultant restricted graph by G1*. So, G1* = (G1|r5)|r6. 

	19
	If Association name is not specified, set G2* to an empty set and go to Step 23. 

	20
	Let G2 be the graph containing all relationships defined in C. 

	21
	Impose the same restriction r5 above on G2: 

· Include only links that have the specified role as its edge.
Denote the resultant restricted set by G2|r5.  

	22
	Impose the same restriction r6 above on G2|r5 : 

· Include only links that have a concept in S* as its target node.
Denote the resultant restricted graph by G2*. So, G2* = (G2|r5)|r6. 

	23
	Find the set of all source nodes of links belonging to G1* or/and G2*. Denote the set by Z.

	24
	If the Include obsolete concepts indicator (Parameter 6) is false, Impose the same restriction r4 above on Z:

· Exclude all retired concepts.

Denote the resultant restricted set by Z|r4.  

	25
	The set Z|r4 contains all concepts that match with all specified parameters according to the match algorithm. Stop.


Notes:

(1) LexBIG uses DoubleMetaphoneLuceneQuery algorithm to perform sounds-like matching.

(2) LexBIG API methods are available for performing set restriction operations. (Refer to LexBIG API javaDoc for details.)

4. USER INTERFACE DESIGN

Table 4. User Interface Components.

	Item No.
	Parameter
	User Interface Component

	1
	Coding scheme name
	Combo box for single selection (Advanced Search)

List box for multiple selection (Quick Search)

	2
	Search text
	Text field

	3
	Match algorithm
	Radio buttons (exact match, contains, sounds-like)

	4
	Search class type/name or ID indicator 
	Checkbox 

	5
	Search synonyms and definition indicator
	Checkbox

	6
	Include obsolete concepts indicator
	Checkbox

	7
	Property name 
	Combo box for single selection

	8
	Role name 
	Combo box for single selection

	9
	Association name 
	Combo box for single selection
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Figure 1.  User Interface Design (Advanced Search).

5. EXAMPLES

5.1 Exact Match
Table 5.  Exact Match.

	Item No.
	Parameter
	Value

	1
	Ontology name
	NCI Thesaurus 

	2
	Search text
	7: 115906410-116032391

	3
	Match algorithm
	Exact Match

	4
	Search class type/name or ID indicator 
	True

	5
	Search synonyms and definition indicator
	True

	6
	Include obsolete concepts indicator
	False

	7
	Property name
	Preferred_Name

	8
	Role name
	Not specified

	9
	Association name
	Not specified
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Figure 2. Matched Concept: 7: 115906410-116032391 (C41973).

5.2 Sounds-Like Match
Table 6.  Sounds-like Match.

	Item No.
	Parameter
	Value

	1
	Ontology name
	NCI Thesaurus 

	2
	Search text
	Blod screning

	3
	Match algorithm
	Sounds_like

	4
	Search class type/name or ID indicator 
	True

	5
	Search synonyms and definition indicator
	True

	6
	Include obsolete concepts indicator
	False

	7
	Property name
	Preferred_Name

	8
	Role name
	Not specified

	9
	Association name
	Not specified
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Figure 3. Matched Concept: Blood Screening (C15960).

5.3 Contains Match

Table 7.  Contains Match.

	Item No.
	Parameter
	Value

	1
	Ontology name
	NCI Thesaurus 

	2
	Search text
	Cell aging

	3
	Match algorithm
	contains

	4
	Search class type/name or ID indicator 
	True

	5
	Search synonyms and definition indicator
	True

	6
	Include obsolete concepts indicator
	False

	7
	Property name
	Preferred_Name

	8
	Role name
	Gene_Plays_Role_In_Process

	9
	Association name
	Not specified
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Figure 4. Matched Concept: TOP3B Gene (C38365).

5.4 Exact Match by Property

Table 8.  Exact Match By Property.

	Item No.
	Parameter
	Value

	1
	Ontology name
	NCI Thesaurus 

	2
	Search text
	603582

	3
	Match algorithm
	Exact match

	4
	Search class type/name or ID indicator 
	True

	5
	Search synonyms and definition indicator
	False

	6
	Include obsolete concepts indicator
	False

	7
	Property name
	OMIM_Number

	8
	Role name
	Not specified

	9
	Association name
	Not specified


The same concept, TOP3B Gene (C38365), should be found in the matched concept list.  

.
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Figure 5. TOP3B Gene (C38365), Match By OMIM Number.

6. REMARKS

The following GForge item has been posted at NCICB GFroge site at:

https://gforge.nci.nih.gov/tracker/index.php?func=detail&aid=15449&group_id=491&atid=1850.

[#15449] Matching algorithms, exactMatch and startsWith, fail in some test cases.

Description:

Matching algorithms exactMatch and startsWith, using search string

7: 115906410-116032391, failed to find the NCI Thesaurus concept:

      C41973
 Preferred Name: 7: 115906410-116032391.

A possible work-around would be through RegExp. The procedure would involve the following:

· If the specified match algorithm is exact match, try to find the concept using exact match according to the search algorithm described in this paper.

· If the search fails to find any concept, check if the text string contains no alphanumerical characters, if it does, then the search is unable to find any match. Stop; otherwise, continue.

· Try to repeat the search using LexBIG’s RegExp algorithm instead. If the search is unable to find any match, then report no match and stop; otherwise, continue.  

· If the RegExp match algorithm find exactly one match, report as such; otherwise, report it as no match. Stop.

Note that this work-around is a temporary solution. Mayo will address #15449 and find a permanent solution to it in a future LexBIG release.

7. APPENDIX 

7.1 String Tokenization

The following code segment is extracted from LexBIG sample program:


static final List<String> STOP_WORDS = Arrays.asList(new String[] {



"a", "an", "and", "by", "for", "of", "on", "in", "nos", "the", "to", "with"});


protected String[] toWords(String s, boolean removeStopWords) {



String[] words = s.split("\\s");



List<String> adjusted = new ArrayList<String>();



for (int i = 0; i < words.length; i++) {




if (!removeStopWords || !STOP_WORDS.contains(words[i]))





adjusted.add(words[i].toLowerCase());



}



return adjusted.toArray(new String[adjusted.size()]);


}
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