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Relations

Examples:

e “<L”js arelation between 2 numbers
o 6—6¢

o “(C%

“aand b are in relation < if a<b”

<(a,b) Is true
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Relations

Examples:

1 \ 5
Grapbhs: N
2 4

G=W,E);,V={12345},E={{1,2},{1,3},{2,3},{3,5},{5,4},{3.,4}}

“Edge in G” is a relation between the vertices of G
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Relations

Examples:

1 \ 5
Grapbhs: N
2 4

G=W,E);,V={12345},E={{1,2},{1,3},{2,3},{3,5},{5,4},{3.,4}}

“Edge in G” is a relation between the vertices of G

vertices v; and v, are in relation “Edge” if...
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Relations

Examples:

. Red
Functions:
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Relations

Examples:
P f

»
* /
A
P

“star” and “red” are in relation f

Functions:
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Relations

Examples:

Functions: 1

11

100

101
110

111 J

“100” and “{1,2}” are In relation g
“enumeration of the powerset of S
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Relations

Examples:

On continuous objects: plane

Disk = {(x,y) | (x = X)> + (y — ) < 12}

real values x and y are in relation Disk if...
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week |Datum |Ma Di Wo Do Vr
nr Ma 1 2 [3 41|56 78 9|1 23 4 5 (6 7 (8 9|1 2|3 4 5 (6 7 (8 9|1 213 4 5 (6 7 [8 9|1 2|3 4 5 (6 7 [8 9
36 2 sep]ntr. Inf. Opening Acad.jr WS FDSD| CA PM wPM | vPM | AN1 CA
37 9 sep| AN1 LA1 FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM | AN1 CA
38 | 16 sep] ANt WS FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM
39 | 23sep| AN1 WS FDSD| vPM | LA1 WS LA1 | FDSD|] CA PM wPM | vPM | AN1 CA
40 | 30sep] AN1 | WS FDSD| vPM | LA1 WS LA1 | FDSD Leidens Ontzet _ Gesloten
41 7 okt] AN1 WS FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM | AN1 CA
42 14 okt| AN1 WS FDSD| vPM | LA1 LA1 | FDSD| CA PM wPM | vPM | AN1 CA
43 | 21 okt t An1 tFDSD | t LA1
44 28 okt] AN1 WS FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM | AN1 CA
45 4 nov| AN1 WS FDSD| vPM | LA1 LA1 | FDSD] CA PM wPM | vPM | AN1 CA
46 | 11 nov|] AN1 WS FDSD| vPM | LA1 WS LA1 | FDSD] CA PM wPM | vPM | ANf1 CA
47 | 18 nov] AN1 FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM
48 | 25nov|] ANt WS FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM | AN1 CA
49 2 dec] ANf WS FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM | AN1 CA
50 9 dec| ANT WS FDSD| vPM WS FDSD| CA PM wPM | vVPM | AN1 CA
51 | 16 dec [ TCA |
52 | 23 dec Gesloten Gesloten Gesloten
1 | 30dec Gesloten Gesloten Gesloten |
2 [ 6jan [ TANT |
3 13 jan H CA
4 20 jan HLA1 |
5 27 jan | HWS |

The table is a relation... but a bit different
It is over three sets...
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week |Datum |Ma Di Wo Do Vr
nr Ma 1 2 [3 41|56 78 9|1 23 4 5 (6 7 (8 9|1 2|3 4 5 (6 7 (8 9|1 213 4 5 (6 7 [8 9|1 2|3 4 5 (6 7 [8 9
36 2 sep]ntr. Inf. Opening Acad.jr WS FDSD| CA PM wPM | vPM | AN1 CA
37 9 sep| AN1 LA1 FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM | AN1 CA
38 | 16 sep] ANt WS FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM
39 | 23sep| AN1 WS FDSD| vPM | LA1 WS LA1 | FDSD|] CA PM wPM | vPM | AN1 CA
40 | 30sep] AN1 | WS FDSD| vPM | LA1 WS LA1 | FDSD Leidens Ontzet _ Gesloten
41 7 okt] AN1 WS FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM | AN1 CA
42 14 okt| AN1 WS FDSD| vPM | LA1 LA1 | FDSD| CA PM wPM | vPM | AN1 CA
43 | 21 okt t An1 tFDSD | t LA1
44 28 okt] AN1 WS FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM | AN1 CA
45 4 nov| AN1 WS FDSD| vPM | LA1 LA1 | FDSD] CA PM wPM | vPM | AN1 CA
46 | 11 nov|] AN1 WS FDSD| vPM | LA1 WS LA1 | FDSD] CA PM wPM | vPM | ANf1 CA
47 | 18 nov] AN1 FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM
48 | 25nov|] ANt WS FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM | AN1 CA
49 2 dec] ANf WS FDSD| vPM | LA1 WS LA1 | FDSD| CA PM wPM | vPM | AN1 CA
50 9 dec| ANT WS FDSD| vPM WS FDSD| CA PM wPM | vVPM | AN1 CA
51 | 16 dec [ TCA |
52 | 23 dec Gesloten Gesloten Gesloten
1 | 30dec Gesloten Gesloten Gesloten |
2 [ 6jan [ TANT |
3 13 jan H CA
4 20 jan HLA1 |
5 27 jan | HWS |

The table is a relation... but a bit different
It is over three sets...

(44, Di-4, WS) are in relation “Table”
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Relations. Properly.

Tuples (finite ordered lists)
A, Ay A LA,

(a,,ar,as,...,a,) a;, €A,

l l

(dl,az, Cl3, ...,an) — (bl’ bz, b3, ,bn)
if and only if
foralli € {1,...,n},a,=b,.
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Relations. Properly.

2-tuples: ordered pairs

(a,b) =(c,d) ©oa=c&b=d
(a,b) = (b,a) > a=>b

In general (a,b) # (b,a) but {a,b} = {b,a}
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Relations. Properly.

Cartesian products

A, Ay As. LA,

n

Definition.
A= {(aay,...,a)|la €A}

Notation: B" :=B"":=BXBXBX:+-XB
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Relations. Properly.

Cartesian products

A=1{45}B = {xy]

AXB? BxXA?

Let’s work this out
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Relations. Properly.

Cartesian products:

Grid Plane Space

7°=7Zx7Z R*=R xR R

L A . . . .
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Relations. Properly.

Cartesian products.
Det. Relations are subsets of Cartesian products.

Def. Subsets of products of two sets are binary relations

R C A X B - binary relation
R C Ay ... XA, -n-ary relation [“arity”]
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Relations. Properly.

Cartesian products.
Relations are subsets of Cartesian products.
Subsets of products of two sets are binary relations

Let’s work this out

< € R?
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Relations. Properly.

Cartesian products.

Relations are subsets of Cartesian products.
Subsets of products of two sets are binary relations

<={@a,b)|la,beR&b—aecR"}

Let’s work this out

Foundations of Computer Science 1 — LIACS




Relations. Properly.

Confession: not entirely formal...
what is an ordered pair? an element of cartesian product...
but what is a cartestian product? set of ordered pairs...

circular!
axiomatic in a metalanguage...

Usually:

(x,v) :={x, {x,y}} [Kuratowski definition]

(X1, X9, X3) = (X1, (X5, X3))
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Relations. Properly.

(x,y) :={x,{x,y}} [Kuratowski definition]

(X1, X9, X3) = (Xq, (%5, X3))...and so on

Not the only definition. There are other, see exercises.
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