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CHAPTER 4

Embodied world theory building/ (unintended) application import
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CHAPTER 4

Embodied world theory building/ (unintended) application import

Ludwig Wittgenstein (1899–1951). Österreichische Nationalbibliothek, Inventarnummer Pf 42.805 : C (1)



CHAPTER 5 (TO BE RESUBMITTED)

Ludwig Wittgenstein (1899–1951). Österreichische Nationalbibliothek, Inventarnummer Pf 42.805 : C (1)
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How to Frame Innovation



CHAPTER 8 The making of 

a mathematical object
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and 
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examples



What are 
frames

Properties

• a concept in knowledge representation

• represent conceptual structure or prototypical situations e.g. 
birthday celebration, restaurant.

• roles and participants (slots and fillers) e.g. waiter, diners, 
food, …

• organized in an inheritance hierarchy typed feature structures

Usage

• e.g., in cognitive linguistics and artificial intelligence

• explain how receiver completes information conveyed by 
sender

• linguistic project: FrameNet database (1,200 semantic frames)

• Originates from MIT 



Frames and Framing



Frames and feature structures



A look into the framenet



A look into the framenet

• Screenshot https://framenet.icsi.berkeley.edu/fndrupal/FrameGrapher



Frames for 
mathematical 
texts



Frames in Mathematical Texts

• Goal: Model proofs and proof methods

• Types of frames: (define types of slots)

 Ontological: type of mathematical object

e.g. Circle, slots: center, radius, diameter, circumference, …

  e.g. Vector Space, slots: zero, unit, field, dimension, …

• Structural: part of proofs

  e.g. Induction, slots: induction variable, hypothesis, step, domain, …

  e.g. Extremal Proof, slots: object type, initial object, parameter



The Induction 
Frame











Aspects of Understanding (1/2)

Understanding a Proof as Constructing an Object

• Proof Concept O: object representing a logical deduction of the 
theorem

• Understanding O: constructing the gapless formal object



Aspects of Understanding (2/2)

• Understanding a Proof as Text Processing

• Proof Concept T: text outlining a proof structure or idea (T)

• Understanding T: has components, notably:
• TE: interpreting referring expressions: mathematical areas / objects and 

relations,

• TJ: understanding the justification of the proof steps presented in T,

• TB: the bridging of deductive gaps in T,

• TR: recognition of the proof method,

• TC: understanding the choice(s) of the way of proving in T among possible 
alternatives



Context and extremal proofs 
– preliminary slots
• Scale: How are we measuring it?

• Kind of extremality: Is it minimal or maximal?

• Principle evoked for existential claim about extremal 
object:
• least upper bound

• least number principle

• ...



Context and extremal proofs – interaction / 
ontological frames
• Das Extremalprinzip setzt also einen Kontext voraus, in dem minimale 

oder maximale Objekte existieren.“ Carl 2017

• Variations of extremal proofs

• Carl: variation triggered by (Engel’s “three well-known facts”), e.g., 
 domain natural numbers: triggers least number principle 
 domain subset of reals: triggers least upper bound principle or  

    largest lower bound principle





Example 3: Research Level

• The aim of this thesis is to present new method based on algebraic and 
analytic tools – the celebrated method of flag algebras invented by 
Razborov [67]. This method provides a uniform framework for standard 
counting techniques used in extremal combinatorics. It is inspired by 
the theory of dense graph limits, on which we focus in Chapter 4. 
Despite the fact that the method is quite new, it has been successfully 
applied to various problems in extremal combinatorics, giving solutions 
to many long open-standing problems. In particular in Turán-type 
problems in graphs [23, 35, 39, 41, 61, 63, 64, 70, 74, 76], 3-graphs [7, 
27, 28, 32, 62, 69], and hypercubes [5, 8], Caccetta-Häggkvist 
conjecture [42, 71], extremal problems in a colored setting [6, 22, 38, 
50], and in geometry [51]. More details on these applications can be 
found in a recent survey of Razborov [68]. (Grzesik 2014, p. 2)

https://link.springer.com/article/10.1007/s10516-021-09552-9#ref-CR18




Bridges in Mathematics

• Hillel Furstenberg and Gregory Margulis - “for 
pioneering the use of methods from probability and 
dynamics in group theory, number theory and 
combinatorics”. 

• Akshay Venkatesh - “for his synthesis of analytic 
number theory, homogeneous dynamics, topology, and 
representation theory, which has resolved long-standing 
problems in areas such as the equidistribution of 
arithmetic objects.” 

• Langlands Program,  Lafforgue in 2002 or Ngô in 2010.



A graph: Algebraic vs. Combinatorical

Raises different Questions: e.g. Eigenvalues



A part of the 
frame 
hierarchy of 
mathematical 
objects, 
containing 
both 
topological 
spaces and 
graphs



Graphs as topological objects





Future Work

• Linguistic: Annotation Workflow => More Frames 

• Math Education: Are frames usefull in teaching?

• Philosophical
• Question of style? 
• Understanding in the hermeneutic tradition, why did the author wrote this? Embedding 

in socio-historical context

• Computer Science: Implementation in theorem proving software

• …
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