
279 

Appendix A. Quanta and Predicate Logic  

An analysis is made here of operators in first and second order logic and their 

expressibility in Quanta.  

A.1. Universal Quantification  

 Example:   ∀x ∈  bird, fly(x) 

 Interpretation: Every bird can fly 
 Quanta:  bird | has | property | flight 
 

Universal quantification is implicit in Quanta. For any statement about 
class X, this statements is taken to be true for every instance of X. This 
can be overridden by providing explicit contradiction in an instance. 
The instance is then taken to be the correct one. In the above 
example, since many classes of bird cannot fly it may be easier simply 
to not introduce this statement, or to make it modal (some can fly). 
 

A.2. Existential Quantification 

 
 Example:   ∃    x ∈  bird, fly(x) 

 Interpretation: Some bird can fly 
 Quanta:  sparrow | has | property | flight 
     

Existential quantification is not directly expressible in Quanta. This is 
because it is a statement of limited specificity. As a fact-based 
resource, Quanta requires all information to be explicit. It is necessary 
to state which bird can fly. For example, a sparrow can fly. 
 

A.3. Logical Conjunction  

 Example:   like( Mary, apples )  
∧

  likes( Mary, oranges ) 

 Interpretation: Mary likes apples and Jane likes oranges 
 Quanta:  Mary | like | apples 
    Jane | like | oranges     
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Logical conjunction is simply expressed by presenting both facts to 
Quanta. 
 

A.4. Logical Disjunction  

 Example:   like( Mary, apples )  
∨

  likes( Mary, oranges ) 

 Interpretation: Mary likes apples or Jane likes oranges  
Quanta:  Mary | may | like | apples 

    Jane | may | like | oranges     
 
Logical disjunction, like existential quantification, cannot be expressed 
directly in Quanta. As Quanta is fact-based, the user typically enters 
only that which is know such as "mary | likes | apples" or "mary | may | 
like | apples.". Quanta does not automatically handle the conclusion, 
i.e. deduction, that "Jane | not | like | oranges". In the future, rules may 
be introduced into Quanta to permit logical disjunction and existential 
quantification. 

 
A.5. Logical Negation  
 
 Example:   like( Mary, apples )  

 
Interpretation: Mary does not like apples 
Quanta:  Mary | not | like | apples 
 
Quanta handles negation as an adverb preceding the verb. Note that 
this requires Quanta to process the sentence at the higher grammatic 
level (lower performance). Usually this is only an issue when doing 
deduction or inference, not while navigating or visualizing data. 
 

A.6. Modal Logic 
 
 Example:  ◊  like ( Mary, apples )  
 
 Interpretation : Mary might like apples. 

Quanta:  Mary | may | like | apples 
 
Modal logic, including might, perhaps, could, should, are also handled 
as adverbs or adjectives preceding verbs and nouns. 
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A.7. Second-Order Logic 
 
 Example:  ∃    x ∈  person, believes[ x,  ∀y ∈  bird, fly(y) ] 

 Interpretation : There is a person who believes that birds can fly 
Quanta:  bird | has | property | flight | REF | belief | Mary 
 
Second-order statements are possible in Quanta using the REF 
keyword placed at the end of a sentence. The REF keyword indicates 
that any following words are statements about that sentence. Three of 
the most common examples are "belief", "source" and "user". Belief 
indicates that only a specific person or group believes in the statement, 
source indicates the origin of a fact, and user indicates the specific 
user that entered the information. Several REF phrases may be 
attached to any statement.  (Note in the example that the existential 
quantifier has been converted into a specific person, see A.2 above) 
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Appendix B - Quanta Formal Ontology 
 
Appendix B introduces all formal levels of the Quanta ontology. The system 
uses a layered ontology. Higher layers depend on lower ones, but not vice 
versa. The four levels correspond to the foundational (L1), linguistic (L2), 
structural (L3), and generic (GO) levels. The Generic Ontology (GO) 
represents actual content and is presented in Appendix C.  
 
B.1. Quanta Foundational Ontology  (L1) 

 
a. A database is a set of nodes and sentences 
b. A node is a data type and a full index 
c. A data type is a unit of text, sound, image, time, or a reference 
d. A reference is a numerical link to another node 
e. A sentence is a set of references  
f. A full index is the set of sentences in which a particular node N is found 

(anywhere in the sentence) 
g. A primary index is the subset a full index in which the node N is found 

first in the sentence. 
 

B.2. Quanta Linguistic Ontology  (L2) 
 
a.  A part-of-speech is a node of text 
b. A part-of-speech may be a proper noun, noun, verb, predicate, adverb, 

or adjective 
c. A sentence consists of several references to parts-of-speech (whose 

arrangement is defined by Layered Grammars, Ch. ) 
d. At least one node must exist, which is a noun. 
    This special noun is called "quanta" 
e. A sentence must consist of at least one noun, and one verb.  
    The noun must come first. 
f.  A reference is the specific noun: "REF" 
g. A sourced sentence is any which contains: REF | source | X 
h. A   tagged sentence is any which contains: REF | user | X  
i.  A believed sentence is any which contains: REF | belief | X 
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B.3. Quanta Structural Ontology  (L3) 
 
a. A class C is any noun for which there exists at least one sentence in the 

quanta database where: X | is a | C 
b. An instance E is any noun for which there is no sentence: X | is a | E 
c. An existential verb is any of the following verbs: "is a", "is part of", "is 

contained in", "is also", "is member of" 
d. An existential sentence is a sentence S of the form: X | V | Y, in which V 

is one of the existential verbs 
e. A property sentence is a sentence S of the form: N | has | P | N     
       (for example, cat | has | color | black) 
f. A taxonomy is a set of sentences S, of the form: N | V | N, whose 

sentences form a tree on some verb V. 
g. A classification is a taxonomy 
h. An ontology is a set of existential sentences S in which all have the 

same source, or all have no source 
i. The quanta generic ontology (GO) is the ontology where none of the 

sentences are sourced sentences 
j. A user ontology is an ontology in which all sentences have the same 

source R 
k. Multiple classification - A noun may have any number of sentences that 

are property sentences 
l. Multiple inheritance - A noun may have any number of sentences that 

are existential sentences 
m.Multiple taxonomies - A quanta database may contain any number of 

taxonomies 
n. Multiple ontologies - A quanta database may contain any number of 

ontologies 
o. [Connectivity Rule] An ontology O is said to be connected if, given any 

noun N in O, there exist a root node R, and a set of sentences S1, S2, 
S3, of the form:  X | is a | Y... such that the sentences form a path from 
N to the root node R. For example: 

S1:  N | is a | X1 
S2:  X1 | is a | X2 
S3:  X2 | is a | X3 
S4:  X3 | is a | R 
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Appendix C - Quanta Generic Ontology (GO) 

 

The Quanta Generic Ontology represents a base ontology for generic terms 

across disciplines. Only an excerpt of the top-level and the subtree on 

Physical entities is listed. 

 

C.1. Top-Level  

Quanta 
  Noun 
   Classification 
    Ontology 
    Subject 
    Period 
    Genre 
    Style 
    Linnean Taxonomy 
   Property 
   Entity 
    Non-Physical Entity 
     Thought 
     Way of Living 
     Physical Condition 
     Theological Entity 
     Religion 
     Mathematical Object 
    Physical Entity   see C.2 
   Event 
   Process 
  Verb 
   States-of-Being 
   Substance Verbs 
   Descriptive Verbs 
   Action Verb 

  Preposition 
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C.2. Physical Entities (excerpt) 

 
Physical Entity    Additional sub-items 
 Natural Entity 
  Energy 
  Subatomic Particle 
  Element   Hydrogen, Helium, Oxygen 
  Molecule     
  Virus 
  Mineral       
  Rock      
  Geological Object  Island, Volcano, Body of Water 
  Atmospheric Object  Cloud, Rain, Storm, Hurricane 
  Astronomical Object  Planet, Moon, Star, Galaxy 
  Organic Entity  Cell, Tissue, Organ, Organism 
 Man-Made Entity 
  Organizational Unit 
       Geographic Place Village, Town, City,  Country 
       Social Unit  University, Company, Government 
       Educational Unit  Class, Program of Study, Credit 
  Semiotic Unit 
       Typographic Seme Letter, Symbol, Glyph 
       Spatial Seme  Map, Graph, Network 
       Informational Seme  Image, Website, Document 
  Language   Natural, Artificial 
  Civil Object   Road, Bridge, House, Building 
  Material   Writing Material, Building Material 
  Written Work   Book, Article, Journal, Lecture 
  Visual Work   Drawing, Painting, Sculpture 
  Tool 
       Writing Tool 
       Power Enhancing Tool 
       Transportative Tool 
       Communicative Tool 
       Informational Device 
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Appendix D. Qubit - Data Mining Results 
 

The following is a sample of raw data produced by the Qubit data mining software. Input consists of a 

set of artists' first and last names with each name on a single line. The goal is to download images, 

titles, years and location of paintings produced by these artists from Wikipedia. An "X" in the year 

indicates that Qubit was unable to process a year for that painting (the year indicated is the artist's date 

of birth). It is clear that on many instances, liberal use of syntax makes it difficult for Qubit to process the 

input. Any information not processed is included with the last field (location). There are 30 examples in 

this small sampling of the 1000 items downloaded. 

 

Title 
 

Year 
 

Filename  Artist 
 

Location (or not 
processed) 

The construction of 
fort Kharnaq 

1494 
 

1494-Kamaleddin-
Behzad-construction.jpg 

Kamaleddin 
Behzad 

 c. 1494-1495. 

 Germany 1494 X 
 

1494X-Ambrosius-
Holbein-Germany.jpg 

Ambrosius 
Holbein 

 

 Lucus van Leyden 1494 X 1494X-Lucas-van-
Leyden-Lucus.jpg 

Lucas van 
Leyden 

 

 Leonardo's 
servant and 
assistant 

1495 1495-Leonardo-da-Vinci-
Leonardo's.jpg 

Leonardo da 
Vinci 

 

.jpg 1497 1497-Perugino-Self-
portrait 

Perugino  Self-portrait,  1497-
1500. 

 The Last Supper 
(1498) 

1498 1498-Leonardo-da-Vinci-
Last.jpg 

Leonardo da 
Vinci 

 painted in Milan 

 One of his 
miniature 

1498 X 1498X-Giorgio-Giulio-
Clovio-One.jpg 

Giorgio 
Giulio Clovio 

 

 Michelangelo's 
PietÃ  was carved 
in 1499 

1499 1499-Michelangelo-
Buonarroti-
Michelangelo's.jpg 

  

 Mona Lisa 
(1503â€“1507) 

1503 1503-Leonardo-da-Vinci-
Mona.jpg 

Leonardo da 
Vinci 

 

 1503 1503-Marcel-Duchamp-
Mona.jpg 

Marcel 
Duchamp 

 

.jpg 1503 1503-Mariotto-
Albertinelli-Visitation 

Mariotto 
Albertinelli 

The Visitation,  
painted for the 
Congregazione di 
San Martino 1503.   

 Andrea Doria as 
Neptune 

1503 X 1503X-Agnolo-Bronzino-
Andrea.jpg 

Agnolo 
Bronzino 

 

.jpg 1503 X 1503X-Agnolo-Bronzino-
Venus 

Agnolo 
Bronzino 

 Venus,  Cupid,  
Folly 

 The Vision of St 
Bernard  ca 1504 
(Uffizi) 

1504 1504-Fra-Bartolommeo-
Vision.jpg 

Fra 
Bartolommeo 
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Pastoral Concert 
(c. 1508). Louvre 

1508 1508-Giorgione-
Pastoral.jpg 

Giorgione  Paris. 

 The Tempest (c. 
1508) Gallerie 
dell'Accademia 

1508 1508-Giorgione-
Tempest.jpg 

Giorgione  Venice,  Italy 

 Baptism of Christ 
by Francesco 
Raibolini (1509) 

1509 1509-Francesco-Raibolini-
Baptism.jpg 

Francesco 
Raibolini 

 at the 
GemÃ¤ldegalerie Alte 
Meister,  Dresden 

.jpg 1509 1509-Leonardo-da-Vinci-
rhombicuboctahedron 

Leonardo da 
Vinci 

 The 
rhombicuboctahedron,  
as it appeared in the 
Luca Pacioli's Divina 
Proportione 

 Lot and his 
daughters (ca. 
1509). 

1509 1509-Lucas-van-Leyden-
Lot.jpg 

Lucas van 
Leyden 

by Leonardo 

 Sleeping Venus 
(c. 1510) 
Gemaldegalerie 
Alte Meister 

1510 1510-Giorgione-
Sleeping.jpg 

Giorgione  Dresden 

 1510 1510-Hans-Baldung-
Three.jpg 

Hans 
Baldung 

Vienna 

 Studies of 
Embryos by 
Leonardo da Vinci 
(circa 1510) 

1510 1510-Leonardo-da-Vinci-
Studies.jpg 

Leonardo da 
Vinci 

 

 In this early 
portrait (ca. 1510) 

1510 1510-Titian-In.jpg Titian  traditionally known as 
Ariosto and used by 
Rembrandt as a 
pattern for his own 
self-portrait  looking 
disdainful and self-
assured. 

 Portrait in red 
chalk 

1512 1512-Leonardo-da-Vinci-
Portrait.jpg 

Leonardo da 
Vinci 

 circa 1512 to 1515,  
widely (though not 
universally) accepted 
as a genuine self-
portrait. 

 1514 1514-Dosso-Dossi-
Circe.jpg 

Dosso Dossi  

 The Moneylender 
and his Wife 
(1514) Oil on panel 

1514 1514-Quentin-Matsys-
Moneylender.jpg 

Quentin 
Matsys 

 71 x 68 cm MusÃ©e 
du Louvre,  Paris 

 1516 1516-Titian-It.jpg Titian  

 1518 1518-Ambrosius-Holbein-
Portrait.jpg 

Ambrosius 
Holbein 

 

 Detail of a self-
portrait 

1518 X 1518X-Tintoretto-
Detail.jpg 

Tintoretto  

 The Mystic 
Marriage of St. 
Catherine (c. 1520) 

1520 1520-Correggio-Mystic.jpg Correggio  Correggio's most 
important contribution 
to the High 
Renaissance art 
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