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From Initial Abstract:  Open (sub)sets 
imply metric(s) normally in the context 
of metric-based topology, for using the 
distance quantity to define open ε-balls. 
It is here inquired about the meaning of 
being a neighborhood (ε-neighborhood) 
associated to an element with or 
without a topological space.

Agenda: 
      - overview of context 
described as of my questions.. 
open subsets and metrics;
      - about open subsets, and 
topology and neighborhoods;
      - on openness versus 
fractals;
      - (TBD) 1-dimensional examples

 upon reading Baum’s (1964): the “system of neighborhoods” 
has no basis of a distance/metric mentioned
-  followed by a definition of topological spaces
-  a neighborhood of a point is those, also as points, which “lie 
close to” it, all in regards to the same point set

      Looking at Baum’s formulation might feel a bit vague at a glance at the 
beginning, but it weakly inspired me to think about defining neighbors without 
a metric.
      My inquiry begins with: what are a neighborhood, “epsilon neighborhood” 
or “neighboring elements” with respect to a particular element, with/only with 
the set; ask the same question with an associated topological space.  So then to 
think again that how a particular associated topology to a set is constructed…
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Theorem 4.6 “point-wise

continuity” at Fig. 7)
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 Brief Recap: the Context about Continuity, ε-Neighborhoods

Open (sub)sets: are ‘induced’ as a definition, from/with the leverage of a metric space
—which may make it not being intrinsic (e.g. compared with coordinates in Euclidean spaces)

Can (or should) the inquirer attempt defining what is a single neighbor or ‘neighboring element’ as a starter 
itself from any intuitive angles with respective a given element, such that such neighbors collectively form a 
neighborhood? Discussions upon what data means in this context and assumptions from topology are 
essential to this preliminary study.

i.e.  given any small (and symmetrical) ‘possible variations’ about the function value at x = a, these function 
values’ pre-image (inversely-mapped points in the domain) would, if any, be “guaranteed inside” an open (and 
also symmetrical) interval—the symmetry here corresponds to the term ‘radius’ as well as higher dimensions.
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Before Openness: Neighborhood Systems  (Baum, 1964, pages 20-26)
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Neighborhood ←\ ? \→ Openness ←→ Topology 4 / 11

Neighborhood system isn’t 
unique (but by the properties 
satisfied accordingly);   

      a “particular” assignment, i.e. 
the specifying of nei. systems for 
each of all elements ⇒ a 
(particular) topology;

      the open set definition in the 
last step (to the left) calls for 
topo. space but practically refers 
to the (particular) nei. systems 

thus here neighborhoods 
give/produce openness

(note: this is not as opposed to 
closedness albeit usage of the word 

‘open’)



 Outlining of Content: General Question(s) on Fractals vs. Openness 5 / 11

Fractals are the “sets with non-integral (2.6) Hausdorff 
dimension” or “boundary between two regions or 
divisions” in the Mendelbrot Set (a specific perspective);
and, with competing/conflicting definitions;

      “if it combines the following characteristics:
(a) its parts have the same form or structure as the 
whole, except that they are at a different scale and may be 
slightly deformed;  (b) its form is extremely irregular, or 
extremely interrupted or fragmented, and remains so, 
whatever the scale of examination; (c) it contains ‘distinct 
elements’ whose scales are very varied and cover a large 
range.”

(Mandelbrot, B., 1989, “Les Objets Fractales,” pp. 154)

Meanwhile, it is summarized that fractals are generally 
characterized by at least the following attributes 
(Nelson, n.d.) that every fractal

(a) is a complex structure at any level of magnification;
(b) has “non-integer dimension”;

(c) has an infinite-length perimeter, but an limited area;
(d) is self-similar (with respect to subsets) and

is “independent of scale.”

fractals — of being similar to itself – “recursive patterns..”

● by “self-similarity,” a fractal object can “iterate 
infinitely” and still land at a smaller version of the same 
shape;

● ponder simply about any correspondence between the 
fractals-side similarity (e.g., based on transformations) 
and the topology-side of openness (based on looking 
into one’s subsets, etc.)? 

● from the (above) correspondence and if begins with 
simpler examples, are these two sides of definitions 
equivalent somehow, if only locally to one connected 
subset/object?

● can examine 1-d. and 2-d. examples (1-manifolds..)



Main
Agenda
(transition slide)

intro. ………….. page 1
1-d. cont. ………….. page 2

nei. sys. ………….. page 3
topology ………….. page 4

gen. questions ………….. page 5
(this page) ………….. page 6

aff. transf. ………….. page 7
similarity ………….. page 8

some questions ………….. page 9
X ………….. page 10
X ………….. page 11

(appendix
of some

more
pages

of
notes
from

preparation)

Plan:

→ What does it mean to be 
similar (especially when it is not 
synonymous to any “topological 
equivalence”)?
→ “similarity transformation” 
(may be multiple definitions)
→ similarity; and, define ‘set 
similarity’ or multiple/two sets 
being ‘mutually similar’ as a 
relation (reflexive, etc.) with a 
clear definition
→ define fractals (once); what is 
meaning of the term "fractals" (in 
plural)?
→ u_x each nei. sys. is not unique; 
what if it is and then how can it be 

conditioned for uniqueness (for 
each point x)?  

→ assuming different 
neighborhoods associated to 
the same point are similar  ⇒  
can (mutually) similar sets form 
a topology---either as building 
blocks, generator/basic, or 
entirety?
→ if there’s time—look at 
properties of (certain) unions 
and intersections of open sets, 
as well as mutually similar sets 
in parallel.

(quoting from 2pm Wed. talk) In nature, 
fractals are everywhere; the earliest 

mention of fractals could be Zeno's 
Paradox "Achilles and the tortoise" (c. 

490-430 BC) 1, 1/2, 1/4, 1/8, ... as a 
weakly self-similar set; it is a 

zero-dimensional fractal.
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 Example Starter: Similarity Transformation (Affine) 7 / 11



 Similarity 8 / 11

Using this, the specific conditions/definitions for when the similarity holds can be various, such as using quantitative 
requirements for topological characteristics.

      For instance, the existence of a similarity transformation (mentioned) can give a specific similarity (relation) 
definition—as when the inverse transform is also available ⇒ similarity is symmetric

Fractals (as appeared in plural) can be understood as repeated/repeating paterns—and for which a pattern shall exist as its own 
definition (e.g., a periodic function) whilst with any/some mathematical objects (e.g., Sierpinski gasket SG2 as a graph as 
vertex/edge lists).
        A particular study/research question about fractals will, indeed, be based upon some fractals as the context, whereas not 
necessarily about geomegric/topological characteristics;  compared to a topic like differentiable manifolds (manifolds are always 
involved) and algebraic topology (topological questions throughout). It would depend on the direction/aspect of the specific 
project, such as about harmonic functions (on a particular metric), about relationships with natural numbers, etc.



 Step(s) of Fractals in Corresponding to the Properties of Topology 9 / 11

Question:  What if when            the particular 
say largest fractal is considered in its actual 

form (rather than in parallel to other 
fractal-object elements)?

Sierpinski hexagon



 (Dr. Keith Devlin, 2012 “Introduction to Mathematical Thinking”)                                     Conclusion

Different patterns lead to 
(correspond to) different 
branches of mathematics:

Since the Nineteenth Century the major change in emphasis in math “wasn’t arbitrary… 
…[the process] came about through the increasing complexity of the world…procedures 
and computation will not go away—they’re still important—but in today’s world they’re 
not enough, and we need understanding.
      They (patterns) can be either real or imagined patterns, visual or mental, static or 
dynamic, qualitative or quantitative, utilitarian or recreational, from pursuits of science of 
from the inner workings of the human mind.”

Thank You
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Kobayashi, O. [Director]. (Mar. 2011). Painful Decision. Naruto Shippuden (episode 201). Pierrot Co., Ltd. 
Available at Crunchyroll at http://www.crunchyroll.com/watch/G6JQ2K9ER/painful-decision

(Kobayashi, 2011, ep. 2011)                                                                              Conclusion

“..the (crystal element technique) can turn anything it touches into crystal (crystalize), in other words, 
water, earth or wood elements won't have any effect..”
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● What does it mean 
to be similar 
(especially when it 
is not synonymous 
to any “topological 
equivalence”)?

● “similarity 
transformation” 
(may be multiple 
definitions)

● self-similarity
● define fractals 

(once); what is 
meaning of the 
term "fractals" (in 
plural)?

● u_x each nei. sys. is 
not unique;  what 
if it is and then 
how can it be 
conditioned for 
uniqueness (for 
each point x)?  
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● assuming different neighborhoods 
associated to the same point are 
similar  ⇒  can (mutually) similar sets 
form a topology---either as building 
blocks, generator/basic, or entirety?

● How, when possible, do neighborhood 
system(s) form a topology (of the 
universal set)?

● if there’s time—look at properties of 
(certain) unions and intersections of 
open sets, as well as mutually similar 
sets in parallel.

● [move it to earlier] define set 
similarity as a relation (reflexive, 
etc.) w/ a clear definition

(mentioned in 2pm Wed. talk) In 
nature, fractals are everywhere; the 

earliest mention of fractals could be 
Zeno's Paradox "Achilles and the 

tortoise" (c. 490-430 BC) 1, 1/2, 1/4, 
1/8, ... as a weakly self-similar set; it is a 

zero-dimensional fractal.
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My note–the objects of fractals (such as SG2) w/ any form of sketching 
of a diagram, are not assumed to be “residing in 2D,” because they are 

rather graphs/combinatorial objects characterized by vertices, edges, 
cells, etc.
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