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abstract
With over 80% of the information we deal with daily in the form of unstructured information from diverse sources and in different formats, being able to retrieve the relevant and precise information organizations need, and to be able to extract intelligence from it, is becoming even more complex. Because of the problems of combining data from different sources and formats, integrating data in a way that provides a unified, consistent view is a challenge for organizations that manage and share information. As meanings of words change and evolve over time and by context, and as information systems become more complex and we require more from them, semantic technology is able to provide a unique advantage in the integration of data and information. Semantic Interoperability provides a common interpretation of data and information, reconciling differences in data so that the meanings of information, when shared or integrated, can be precisely understood by all systems and parties and has great potential to change the way we receive, understand and exchange information.
1.0
introduction

Technology and the internet have given us access to an unlimited amount of information as well as numerous ways of communicating and sharing information. With over 80% of the information we deal with daily in the form of unstructured information from diverse sources and in different formats, being able to retrieve the relevant and precise information organizations need, and to be able to extract intelligence from it, is becoming even more complex. Whether it’s for improving search capabilities, strengthening corporate intelligence or supporting security needs, information management is at the heart of any organization’s biggest challenges. 

2.0 
WHAT IS SEMANTIC INTEROPERABILITY?

Because of the problems of combining data from different sources and formats, integrating data in a way that provides a unified, consistent view is a challenge for organizations that manage and share information. As meanings of words change and evolve over time and by context, and as information systems become more complex and we require more from them, semantic technology is able to provide a unique advantage in the integration of data and information.

Semantic Interoperability is the ability of a system to interpret heterogeneous information using a common logic and structure to share unambiguous meaning. Semantic Interoperability provides a common interpretation of data and information, reconciling differences in data so that the meanings of information, when shared or integrated, can be precisely understood by all systems and parties.

Citing Wikipedia, Semantic Interoperability is the ability of computer systems to communicate information and have that information properly interpreted by the receiving system in the same sense as intended by the transmitting system. "Proper interpretation" means that the transmitted information will be used appropriately by a receiving computer system because the logical implications derivable from transmitted information will be the same as those that the sending system would derive.
For this reason, Semantic Interoperability has enormous potential to change the way we receive, understand and exchange information. Semantic Interoperability is built on two essential pillars:

· Unambiguous meanings

· Formal representation of information

These two requirements are strongly inconsistent with management of unstructured information, which encompasses over 80% of the information we deal with daily (Word documents, emails, web pages, etc.). For a computer, analyzing an unstructured document, being able to extract unambiguous meaning from it and offering a formal representation of the analyzed document are very complex operations. On the other hand, manual handling of these operations is nearly impossible considering volume of data to be analyzed.

3.0 
How Semantic Technology can enable Semantic Interoperability
Semantic Technology enables more effective Semantic Interoperability because it is able to analyze resources with a system that incorporates morphological, logical, grammatical and natural language analysis. Using these analyses, semantic technology is able to translate data with higher precision and recall when searching for information. It also enables loading disparate data into semantic data stores for immediate data integration and allows advanced query capabilities, as requested by the Framework for Semantic Interoperability.

There are two possible options for using unstructured information in a Semantic Interoperability Framework:

· Mark up every resource by hand by analyzing it, reading the content and deciding what is necessary for identifying ontological triples, etc.

· Use a technology that can do this for us.

While most information management and interoperability systems are able to connect information from different systems one dimension at time based on simple coupling, semantic technology makes it possible to understand the nature and context of the information by creating specific definitions for data. Because data sharing depends on reconciling different meanings in data, a semantic approach can ensure the desired concepts are present, and can then identify other details and facts about the primary concept present in the text.

For these reasons we strongly believe that an intelligent Semantic Technology can be considered an enabler for Semantic Interoperability.

4.0
COGITO SEMANTIC TECHNOLOGY

The Cogito Semantic Technology collects all the structural and lexical text aspects of a document to comprehend natural language and understand the meanings of words and sentences. The result of Cogito semantic processing is a cognitive and conceptual map, i.e. a structured representation of qualifying aspects of incoming unstructured data. The output structuring allows the automatic processing of the most relevant elements of the text. (Figure 1).
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Figure 1: Cogito Semantic Technology Functional Scheme.

Cogito Main Features

Cogito is composed of various modules dedicated to the specific activities necessary for disambiguating texts and natural language processing, which are essential for the automatic comprehension of contentsto enable Semantic Interoperability. To automatically understand a text we need:

· A semantic network, the heart of semantic technology.

· A parser to trace each text back to its basic elements.

· Linguistic engines to query the semantic network (to link the basic elements of the texts with the semantic network of the meanings).

· A system of disambiguation.

Semantic Network 

A semantic network is a lexical database in which terms are entered and grouped together based on their meanings (i.e. the concepts they express). Therefore, they are not ordered alphabetically as in a standard dictionary, but according to their meanings and to the various possible connections among these meanings (semantic relations).

Each node in the semantic network is linked to the others by semantic connections in a hierarchical and hereditary structure, in the form of a graph. Our network contains:

· Information about connections between objects.

· Specifications about the lexical domains of each word.

· Information about the frequency of use. 

The richness of a semantic network is measured by both the quantity of words/concepts and by the semantic relationships. For example, concepts can be linked to one other in the following ways (Figure 2):

· Subnomen (hyponymy: relation between a specific concept and a more general one) and supernomen (hypenymy). The supernomen is the more generic term, a word with a general meaning in comparison to others representing specifications of that meaning: ex. “animal” is a supernomen of “cat”. 

· Parsnomen (meronymy) and omninomen (holonymy), or the part-whole semantic relationship. A parsnomen is a noun that indicates a part of a whole (which is called the omninomen). For example the case of finger - hand (part = finger – whole = hand) or plastic - bottle (part = material - whole = object).

· Relationships between nouns and verbs such as verb-subject or verb-object: given a noun and considering all possible “verb/subject” links, we obtain all the verbs normally (frequently) connected to that noun when it is the subject of a sentence. Subject noun “food” verbs “to rot”, “to grow”, etc. The mechanism is the same when we consider the semantic relation “verb-object”: object noun “food” verb “to eat”, “to swallow”, “to grind”, ”to chew,” etc.

· Other kinds of connections, such as geographical links, are based on similar logic and each geographical element (not only countries, towns, rivers, valleys, etc. but also monuments) is connected to other geographical elements. For example “St. Cloud” is linked to “Minnesota” which in turn is linked to “Midwest” which is linked to “USA”. Also, for example “Piccadilly” is linked to “London” which is linked to “England” which is linked to “Great Britain”, etc.
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Figure 2: Cogito Semantic Network. 

Parser

To understand the meaning of a sentence, the first step is to determine the grammatical role of each word. 
For example:

(a) “He aged 40 years.”
(b) “The wine is aged.”

The word “aged” appears in two different grammar types. In sentence (a) the word is an adjective, while in sentence (b) it's a verb. According to traditional technology, the two words are the same, while semantic technology assigns different meanings to them. Recognizing a word independently of its written form is equally important, as nouns and verbs have several forms:

(a) “Marcello Mastroianni was the most popular Italian actor abroad.”
(b) “Today it is difficult for young actresses to play the role of the protagonist.”

In the sentences above, two forms (“actor”, “actresses”) are used to express the same concept. The parser performs a complete morphological, grammatical and syntactical analysis of the sentence, quickly managing more than 3,500 rules. Our parser uses an innovative and ad hoc methodology to query the semantic network, resulting in a significant improvement of the existing parsing. Also, semantic technology individuates gender to recognize both words in the sentences above as forms of “actor” to correctly associate each to their common meanings, instead of individuating different words as other systems do.

System of Disambiguation 

For a human, meaning is obvious because of our ability to automatically refer to cultural elements that help us understand the meaning of a word. The disambiguator included in the Cogito semantic technology thoroughly analyzes sentences or entire documents and is able to distinguish the correct meaning for each element found, eliminating possible ambiguities.

Knowing all of the possible meanings of words is fundamental to processing content with high precision. A system that is unable to detect different meanings can lead to an incorrect interpretation of the phrase. For example:

(a) “The driver was injured in the crash.”
(b) “I used the long driver.”
(c) “The driver was installed in the computer.”

The meaning of the word “driver” depends on context. In order to disambiguate meaning, our semantic technology looks up the lexicon to find all possible meanings of the word. These lexicons are semantic networks. Semantic networks are not simple dictionaries, but resources that have been optimized for programmatical use, where word forms are knots linked to one other by multiple links denoting semantic or lexical relations. For example, the knots “secret agent” and “spy” are linked by a semantic relation called “synonymy” (they have similar meaning), while “angel” and “devil” are linked by “antonymy” (they indicate opposite concepts).

The disambiguation of meaning is one of the most complicated problems of semantics. To obtain a satisfying elaboration speed, the following are needed:

· A vast knowledge bank structured like an encyclopedia.

· A set of perfectly working disambiguation algorithms. 

Disambiguating, in fact, is the true problem in the automatic interpretation of texts. In order to distinguish between:
”That girl has a bomb.”
“That girl is the bomb.”
a program must be able to ‘reason’. What a human knows because of education and experience, software must deduce from the text automatically, relying on coded knowledge and advanced technologies.

The research and development of automatic systems for semantic disambiguation must solve a crucial problem: administration of the number of existing combinations that can be generated when dealing with words and texts. These can be combined together in a number of ways.

A disambiguation system can work sentence by sentence or by considering entire documents, according to how it is configured. Distinguishing all the possible meanings of a text is just an additional, but extremely critical step beyond the more common analyses (logical, grammatical, query of the semantic network and domain analysis).

There are many examples of interpretations of words that as humans, we take for granted, including expressions meant in a figurative sense, but a program cannot afford to make such mistakes. For example, the semantic disambiguator is able to univocally understand the following sentences:

Example 1:
“He has eaten a chicken.”
“The sweater was eaten by the moths.”
“The rust ate the tower.”
“The slot machine ate his money in just one hour.”
“Your car eats too much gas.”

Example 2:
“We went out for a row.”
“The condemned is in a death row.”
“They’ve had a big row.”
“My row boat is the third in the row.”
5.0
Real-world application: Extracting unambiguous and interoperable information from Wikileaks cables

As a simple example, we’ve applied Cogito Semantic Technology to the analysis of approximately 261,000 cables from WikiLeaks. As an initial result using semantic analysis, we are able to automatically categorize of all the cables:
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Figure 3: Automatic Categorization.

Using the automatic categorization as a filtering tool, we can focus on only the 1,500 cables related to “Safety of Citizens.”
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Figure 4.
Semantic Analysis can be used to extract unambiguous information on the geographic distribution of topics discussed in these cables, making these documents interoperable with a geographic system:
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Figure 5: Geographical distribution of documents.
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Figure 6: Geographical categorization of documents.

Using the geographic representation, we can again filter the knowledge base to focus on only on the 61 documents related to Italy.

[image: image7]
Figure 7: Results List: “Safety of Citizens” in Italy.

From these documents, we will extract all of the entities and  the relations between them (unambiguous interoperable information) with sophisticated investigation and analytical tools:


[image: image8]
Figure 8: Entity Relations map.

With just a few steps, by exploiting Semantic Technology to make unstructured information interoperable with different systems, we’ve been able to drill down to just a few documents from the starting point of over 261,000 documents. And the process could iterate again, each  time relying on:

· Unambiguous meanings.
· Formal representation of information.
Such as the following:
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Figure 9.
Expert System

Expert System is the leading provider of semantic software that discovers, classifies and interprets text information. All Expert System products, which are based on the patented technology Cogito®, leverage the company's expertise in the development of business solutions for the primary markets (i.e. Automotive, Consumer Electronics, Oil & Gas, Media, Mobile, etc.) and support the activities of Knowledge Management, Customer Care and Intelligence. Worldwide customers include Eni Group, Pirelli, ANSA, Telecom Italia, Microsoft, the Italian Ministry of Defense and the Ministry of Interior Affairs. For more information, visit: www.expertsystem.net.
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