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Abstract ideas can be (very) hard to visualize.

3.1 THE NOTION OF A TOPOLOGY

The fundamental properties of open subsets of a metric space are outlined
in Proposition 2 of Chapter 2. Mathematicians have found from experience
that families of subsets having these same properties arise in contexts
other than those of metric spaces; hence it is reasonable to study these
properties in their own right, abstracted from the limitations that metric
spaces impose. In particular, the properties of open sets in metric spaces
inspire the following definition.

Definition 1. Let X be any set. A collection 7 of subsets of X is said
to be a topology on X if the following axioms are satisfied:

1) X and ¢ are members of 7.
11) The intersection of any two members of 7 is a member of 7.
iil) The union of any family of members of r is again in 7.

The members of 7 are then said to be r-open subsets of X, or merely
open subsets of X if no confusion may result.

Example 1. If X, D is a metric space, then the D-open subsets of X form
a topology on X. This topology is called the metric topology induced on
X by D. It was, of course, this topology that we studied in Chapter 2.

Example 2. Let X be any set. Then the family of all subsets of X forms
a topology on X. This topology consisting of all of the subsets of X is
called the discrete topology on X. The discrete topology contains the maxi-
mum possible number of open sets since, relative to the discrete topology,
every subset of X is open.

Example 3. If X is any set, then the collection {X, ¢} of subsets of X also
forms a topology on X. This topology is called the trivial (by some, the
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Organizing principles

® (Specification) A diagram is a mapping from
abstract mathematical statements to a concrete
visual representation.
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abstract mathematical statements to a concrete
visual representation.

® (Synthesis) Given a specification, specific diagrams
are realized via numerical optimization.

Specification is encoded via domain-specific languages
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Subs ta ué

There exist sets A and B
such that B 1s a subset of A.



specify objects

There exist sets A and B
such that B 1s a subset of A.



specify objects

There exist sets A and B
such that B 1s a subset of A.

specify a

relationship




There exist sets A and B
such that B 1s a subset of A.

specify a

relationship




Subs ta ué

There exist sets A and B
such that B 1s a subset of A.



Subs ta ué

There exist sets A and B
such that B 1s a subset of A.



Subs ta ué

There exist sets A and B
such that B 1s a subset of A.



Substance \d .u
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There exist sets A and B Set A, B
such that B is a subset of A. B Cc A



specify objects

There exist sets A and B Set A, B
such that B is a subset of A. B Cc A



specify objects

There exist sets A and B Set A, B
such that B is a subset of A. B Cc A

specify a

relationship




“Consider sets A, B, and C such that
B is a subset of A, C is a subset of A,
and B and C don’t intersect, and ...”



“Consider sets A, B, and C such that
B is a subset of A, C is a subset of A,
and B and C don’t intersect, and ...”

Set A, B, C
B C A
C CA
B NC=Q¢»
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~ venndiagram | ‘.’ math symbol complement union :i: intersection probability . . . . hotation ===z subset
T ———esere ration o Dlagram Education infographi = ——
AT ; Using Set Theory and Interval Notation u ‘ \ n 3' .
“ T ‘ ’ we can find the intersection and union o —
A - . t::m:n;' ' . ' ' A: {1’ 4’ 5’ 9’ 13} - ‘ n .
‘_ _B . __':;/‘. a ' B: {2, 5, 6, 8, 9}
g | o ‘ i i the intersection ‘ ‘ , o [ i ]
4 N\ is the set of items

Set theory - Wikipedia
en.wikipedia.org

:// The set of integers
o

.\\ The set of natural nurmbers (positive integers)

( D The set of rational numbers

\\ The set of real numbers

Set Theory - Mathematics A-Level Revision
revisionmaths.com

"Tutor

Understanding Set Theor...
medium.com
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Tutorial) Python Sets vs ...
in.pinterest.com

shutterstock.com » 306353381

Set Theory Images, Stock Ph...
shutterstock.com

Pawa Al

IPM using basic set theory ...
researchgate.net

Set Theory

File:Set Theory Operations.svg ...

Set

SET

commons.wikimedia.org
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Set Theory: Types of Sets, Unions and ...
youtube.com

Set Theory Symbols
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843249
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Describing and Defining Sets (examples ...

onlinemathlearning.com

Set Theory
paperpandaolo.blogspot.com

Set Theory and Foundations of ...
settheory.net
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
X.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, X.shape)
layer x.shape below x.text
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forall Set x {

X.shape = Circle { strokeWidth : 0.0 }
X.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, X.shape)
layer x.shape below x.text
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forall Set x {
'X.shape = Circle { strokeWidth : 0.0 }
X.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, X.shape)
layer x.shape below x.text
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forall Set x {
‘X.shape = Circle { strokewidth : 0.0 }
X.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, X.shape)
layer x.shape below x.text
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
‘X.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, X.shape)
layer x.shape below x.text
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forall Set x { x

X.shape = Circle { strokeWidth : 0.0 }
‘X.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, X.shape)
layer x.shape below x.text
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forall Set x { x

X.shape = Circle { strokeWidth : 0.0 }
X.text = Text { string : x.label }

‘ensure contains(x.shape, x.text)
encourage sameCenter(x.text, X.shape)

layer x.shape below x.text
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 } ;}(j
X.text = Text { string : x.label }
‘ensure contains(x.shape, x.text)
encourage sameCenter(x.text, X.shape)
layer x.shape below x.text
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 } ;}(j
X.text = Text { string : x.label }
ensure contains(x.shape, x.text)

'encourage sameCenter(x.text, x.shape)

layer x.shape below x.text
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
X.text = Text { string : x.label }
ensure contains(x.shape, x.text) ;x:

‘encourage sameCenter(x.text, x.shape)

layer x.shape below x.text
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
X.text = Text { string : x.label }
ensure contains(x.shape, x.text) ;x:
encourage sameCenter(x.text, X.shape)

‘layer x.shape below x.text
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
X.text = Text { string : x.label }
ensure contains(x.shape, x.text) ;}(j
encourage sameCenter(x.text, X.shape)

‘layer x.shape below x.text
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
x.text = Text { string : x.label }
ensure contains(x.shape, x.text) ;X:
encourage sameCenter(x.text, X.shape)
layer x.shape below x.text
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
x.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, XxX.shape)
layer x.shape below x.text

forall Set x; Set y

where IsSubset(x, y) {
ensure contains(y.shape, x.shape)
ensure smallerThan(x.shape, y.shape)
ensure outsideOf(y.text, x.shape)
layer x.shape above y.shape
layer y.text below x.shape




A simple Style for

forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
x.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, XxX.shape)
layer x.shape below x.text

forall Set x; Set y
where IsSubset(x, y) {
ensure contains(y.shape, x.shape)
ensure smallerThan(x.shape, y.shape)
ensure outsideOf(y.text, x.shape)
layer x.shape above y.shape X Y
layer y.text below x.shape
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
x.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, XxX.shape)
layer x.shape below x.text

forall Set x; Set y
where IsSubset(x, y) {
‘ensure contains(y.shape, X.shape)
ensure smallerThan(x.shape, y.shape)
ensure outsideOf(y.text, x.shape)
layer x.shape above y.shape X
layer y.text below x.shape
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
x.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, XxX.shape)
layer x.shape below x.text

forall Set x; Set y

where IsSubset(x, y) {
‘ensure contains(y.shape, X.shape)
ensure smallerThan(x.shape, y.shape)
ensure outsideOf(y.text, x.shape)

layer x.shape above y.shape
layer y.text below x.shape ><
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
x.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, XxX.shape)
layer x.shape below x.text

forall Set x; Set y

where IsSubset(x, y) {
ensure contains(y.shape, x.shape)
ensure smallerThan(x.shape, y.shape)
ensure outsideOf(y.text, x.shape)

layer x.shape above y.shape
layer y.text below x.shape ><
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A simple Style f

forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
x.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, XxX.shape)
layer x.shape below x.text

forall Set x; Set y

where IsSubset(x, y) {
ensure contains(y.shape, x.shape)
ensure smallerThan(x.shape, y.shape)
ensure outsideOf(y.text, x.shape)
layer x.shape above y.shape
layer y.text below x.shape

forall Set x; Set vy
where Not(Intersecting(x, y)) {
ensure disjoint(x.shape, y.shape)

}
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A simple Style for set

forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
x.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, XxX.shape)
layer x.shape below x.text

forall Set x; Set y

where IsSubset(x, y) {
ensure contains(y.shape, x.shape)
ensure smallerThan(x.shape, y.shape)
ensure outsideOf(y.text, x.shape)
layer x.shape above y.shape
layer y.text below x.shape

forall Set x; Set y
where Not(Intersecting(x, y)) { Y
ensure disjoint(x.shape, y.shape)

}



A simple Style for‘s
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
x.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, XxX.shape)
layer x.shape below x.text

forall Set x; Set y

where IsSubset(x, y) {
ensure contains(y.shape, x.shape)
ensure smallerThan(x.shape, y.shape)
ensure outsideOf(y.text, x.shape)
layer x.shape above y.shape
layer y.text below x.shape

forall Set x; Set vy

where Not(Intersecting(x, y)) {
‘ensure disjoint(x.shape, y.shape)

}
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forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
x.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, XxX.shape)
layer x.shape below x.text

forall Set x; Set y

where IsSubset(x, y) {
ensure contains(y.shape, x.shape)
ensure smallerThan(x.shape, y.shape)
ensure outsideOf(y.text, x.shape)
layer x.shape above y.shape
layer y.text below x.shape

forall Set x; Set vy

where Not(Intersecting(x, y)) {
‘ensure disjoint(x.shape, y.shape)

}
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A simple Style f

forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
x.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, XxX.shape)
layer x.shape below x.text

forall Set x; Set y

where IsSubset(x, y) {
ensure contains(y.shape, x.shape)
ensure smallerThan(x.shape, y.shape)
ensure outsideOf(y.text, x.shape)
layer x.shape above y.shape
layer y.text below x.shape

forall Set x; Set vy
where Not(Intersecting(x, y)) {
ensure disjoint(x.shape, y.shape)

}

oV, 4'5 OIuwmh

~l\

&

‘rfv

)’ \ i

\J
‘P

/ - [
4 .
4 /
L



A simple Style for sets &

forall Set x {
X.shape = Circle { strokeWidth : 0.0 }
x.text = Text { string : x.label }
ensure contains(x.shape, x.text)
encourage sameCenter(x.text, XxX.shape)
layer x.shape below x.text

}

forall Set x; Set y

where IsSubset(x, y) {
ensure contains(y.shape, x.shape)
ensure smallerThan(x.shape, y.shape)
ensure outsideOf(y.text, xX.shape)
layer x.shape above y.shape
layer y.text below x.shape

}

forall Set x; Set vy
where Not(Intersecting(x, y)) {
ensure disjoint(x.shape, y.shape)

}
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X.shading = Image {
X : X.shape.x
y ¢ X.shape.y
W ¢ X.shape.r * 2.0
h : x.shape.r * 2.0
path : "shading.svg"

}

X.shadow = Image {
path : "shadow.svg"
: X.shape.r * 2.15
: X.shape.r * 2.22
: X.shape.x + 0.03 * x.shading.w
: X.shape.y - 0.051 * x.shading.h

ST -
oW B

}

X.text = Text {
string : x.label
color: rgba(l.0, 1.0, 1.0, 1.0)
w: 0.5 * xXx.shape.r
h: 0.5 * x.shape.r
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Set x {
X.shape = Text { string : x.label }

}

Set x; Set vy {
encourage repel(x.shape, y.shape, 5.0)

}

Set X; Set vy
where IsSubset(x, y) {
arrow = Arrow {
thickness : 2.0
color : rgba(0.0, 0.0, 0.0, 1.0)

}

encourage centerArrow(LOCAL.arrow,
X.shape, y.shape)

encourage above(y.shape, X.shape)

encourage equal(x.shape.Xx, y.shape.x)



%
as define | the

R 0." S

A\
> math

S V%
1 B

Domam sc _._,"

5 ,‘
I . T



. |

Domain schemas defmg u"' na athematical en
hematical e

2 g ®rg fb“" e |

h (

* There's no way to
anticipate every object/
idea a user might want
to diagram...



Domain schemas define the mathel

natne
vV W4 ‘v ‘ ‘*'
AT AR

|

* There's no way to
anticipate every object/
idea a user might want
to diagram...

"o
’ ’b»-‘- ‘ LD ’ & K‘S
-,/' :’;om':,"m 4 & & 4 ----- Ve, - // I ’ -’ T \\)‘\%’i (‘,\‘ \\\’
O s & 7l o LSO > vy B Qe ot v * 2& \)\‘\ ™
,_.'?4 - oo ' at o L ¥ ,‘¥9 O OV
—//"/:l'.'}',,'::-' Pt wt s Sy » A y :',.‘, % ~ AMY ;
" .,"L'I'O ¢ < ,(\\-\ 3 & 1 ';:;" Q .‘ ,Y\\\:'(\R\
OF o e : 1 , A IN S A ) o¥
ﬁatﬂv”"hw ol <D kS OF T A A ..\~\(\ ¢ —
CENP N il 0 an I A o POV EY T R 3 'Y :{ i, \\\\ :
o gl St A oy Y AR .,
Pk & A & N.Z 1 SI ;e Yo 4 =
o L i S XA Fh 1 —
T U ij 4 ‘‘‘‘‘‘ \‘ 3 . " ‘:",_" .’, ",/
ey L e R S/
Nl,a.“\f."// ] O‘E 'I il LT /~, - e N A e KPP — ’flf’
‘.ll&l LLIA A Yoy e :
ey " *
T I e o e NS B NN T i e N N i S we . ) ML '7 c; 1/.;(.\”( : o

7
£

TRS> /.40"““\. fel 'l
-
..."‘ '?,. ‘*
:Ag S, 1 ISttt o Oc
SRLTHP 0 SWAMPS OFLSS @ Jss EAN
. o —_— "

A
o A
2 Ay D o

D 8 AT GEBRAIC,GEOMETRY, O\
oo B fepmegesms e\ OF Logyc

b i

image credit: Martin Kuppe



-

3 2 ";‘4\‘/\;' ol »

Domain schemas define the mathematical environm
/':s‘-:\\ r‘\¥ b X ,.
g Qi&‘},"!%‘ his ey

_—

e But users can extend the

Substance language by . Ty B
L - gl LOGY (ERY
writing Domain schemas s s @O N, ot g

: : A R " ' 2 S T j = AT N \

e

) .A‘ - ) | o
: 4 ALGEBRAIC GEOMETRY - ¥\| s

1 . = : AL N‘"W“»V' : ‘ SINPLL % |

that define their own W B 28 S e AT TN
- T 3 : G G R 2o S Lt I, 5 =

domain-specific dialects LT ORITELCGY 2 B P

= C AL A
AL-GEBra Wfjt

image credit: Martin Kuppe



Domain sch




5 ( : el qﬂ"f L IR ol q~7 (tri
<l$&ii?‘2‘!‘.l‘h"s.M-% |

¢ 1.1

Domain schem

\\/

Set A, B, C, D,
E, F, G

B C A

C Cc A

D CB

E CB

F Cc C

G c C

END =7

FNG-=2J

BNC-=Q¢g
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Domain schem

\\/

Set A, B, C, D,
E, F, G

B C A

C Cc A

D CB

E CB

F Cc C

G c C

END =7

FNG-=2J

BNC-=Q¢g
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