CSE 311 Foundations of
Computing |
Lecture 21

Relations
Autumn 2012

Announcements

* Reading assignments
— 7t Edition, Section 9.1 and pp. 594-601
— 6% Edition, Section 8.1 and pp. 541-548
— 5th Edition, Section 7.1 and pp. 493-500
* Upcoming topics
— Relations
— Finite State Machines

Definition of Relations

Let A and B be sets,
A binary relation from A to B is a subset of A x B

Let A be a set,
A binary relation on A is a subset of A x A
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Relation Examples

R, ={(a, 1), (a,2), (b, 1), (b, 3), (c, 3)}
R,={(x,y) | x=y (mod 5)}
R; ={(c,, c,) | ¢, is a prerequisite of ¢, }

R, ={(s, c) | student s had taken course c }

Properties of Relations

Let R be a relation on A

|R is reflexive iff (a,a) € R foreverya e A |

|R is symmetric iff (a,b) € R implies (b, a)e R |

|R is antisymmetric iff (a,b) € R and a # b implies (b,a) ¢ R |

|R is transitive iff (a,b)e R and (b, c)e R implies (a, ¢) € R |

Combining Relations

Let R be a relation from Ato B

Let S be a relation from B to C

The composite of Rand S, S ° R is the relation
from Ato C defined

S°R ={(a, c) |3 bsuch that (a,b)e R and (b,c)e S}




Examples

(a,b)e Parent: bis a parent of a
(a,b) e Sister: b is a sister of a
What is Sister ° Parent?

What is Parent ° Sister?

Autumn 2012 [s°R =& ©)| 3 b such that (a,b)c R and (b,0)< S} |

Examples

Using the relations: Parent, Child, Brother,
Sister, Sibling, Father, Mother, Husband, Wife
express -

Uncle: bisan uncle of a

Cousin: b is a cousin of a
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Powers of a Relation

RZ=R°R={(a, c)| 3 b such that (a,b)e R and (b,c)e R}

RO ={(a,a) | a € A}

related to

Copernicus
Anderson P
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R!=R

Rn+1 =R"°R

How is related to ?
Copernicus

http://genealogy.math.ndsu.nodak.edu/

I Mathematics Genealogy Project
Home A Edward Delano Lazowska
Search !
Extrem: -
i Ph.D. University of Toronto 1977 I&I
About MGP »
Dissertation: Characterizing Service Time and Respanse Time Distributions in
Lok Queueing Network Models of Computer Systems
FAGS
Advisor: Ke
Posters
Submi Data Students:
Chck here to see the students listed in chronological order
Marors S
service of the NDSU Name School Year Descendants
o Thomas Anderson Univarsity of Washington 1991 54
mn University of Washington 1994
‘American Mathematical University of Washington 1988 9
ey University of Washington 1990 16
Fieast sl it University of Washington 1995 7
University of Washington 1990
University of Washington 1993 8

University of Washington 1982
University of Washington 1984
H y University of Washington 1981 123

Yi-Bing Lin University of Washington 1990 13 W2



http://en.wikipedia.org/wiki/File:Nikolaus_Kopernikus.jpg
http://en.wikipedia.org/wiki/File:Nikolaus_Kopernikus.jpg

Anderson Mayr Bauer Caratheodory Minkowski

Tannen Meyer

Church

Poisson Lagrange

Rogers

Moore H.A.Newton Chasles

Johann Bernoulli  Jacob Bernoulli

Lipschitz Dirichlet Fourier Lagrange Euler
I \
)
L %/
Johann Bernoulli Jacob Bernoulli  Leibniz Weigel Rheticus Copernicus
Nicolaus CO_pernicus Nicolaus Copernicus
Georg Rheticus Georg Rheticus
Moritz Steinmetz Moritz Steinmetz
Christoph Meurer Christoph Meurer
Philipp Muller Philipp Muller
Erhard Weigel Erhard Weigel
Gottfried Leibniz Gottfried Leibniz
Noclas Malebranache Noclas Malebranache
Jacob Bernoulli Jacob Bernoulli
Johann Bernoulli Johann Bernoulli
Leonhard Euler Leonhard Euler
Joseph Lagrange Joseph Lagrange
Jean-Baptiste Fourier Michel Chasles
Gustav Dirichlet H. A. (Hubert Anson) Newton
Ruqolf LIPSChIlZ E. H. (Eliakim Hastings) Moore
Felix Klem_ . Oswald Veblen
C. L. Ferdinand Lindemann Alonzo Church
Herman Minkowski Hartley Rogers, Jr.
Constantin Caratheodory Patrick Carl Fischer
Georg Aumann Albert Ronald da Silva Meyer
Friedrich Bauer Val Tannen
Manfred Paul Dan Suciu
Ernst Mayr
Richard Anderson
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n-ary relations

LetA,, A, ..., A, be sets. An n-ary relation on
these sets is a subset of A;x Ayx . .. x A
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Relational databases

STUDENT
 student Name _|1D_Number __| Office | GPA__|

Knuth 328012098 022 4.00
Von Neuman 481080220 555 3.78
Russell 238082388 022 3.85
Einstein 238001920 022 211
Newton 1727017 333 3.61
Karp 348882811 022 3.98
Bernoulli 2921938 022 3.21
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Relational databases

STUDENT

[ student_Name | 1D_Number __office ] GPA__] Course __|
Knuth 328012098 022 4.00 CSE311
Knuth 328012098 022 4.00 CSE351
Von Neuman 481080220 555 3.78 CSE311
Russell 238082388 022 3.85 CSE312
Russell 238082388 022 3.85 CSE344
Russell 238082388 022 3.85 CSE351
Newton 1727017 333 3.61 CSE312
Karp 348882811 022 3.98 CSE311
Karp 348882811 022 3.98 CSE312
Karp 348882811 022 3.98 CSE344
Karp 348882811 022 3.98 CSE351
Bernoulli 2921938 022 3.21 CSE351
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Relational databases Database Operations: Projection
STUDENT TAKES
[ Ssudent_Nams | I0_Number | [ i0_tumber | course | Find all offices: Mo STUDENT) offce
SRS Offce GPA_] 328012098  CSE311 ores 2z
Knuth 328012098 022  4.00 o5
Von Neuman 481080220 555 3.78 228012098 EoE35L
481080220  CSE311 333
Russell 238082388 022  3.85
Einstein 238001920 022 2.1 EPEE | G Oftice
238082388  CSE344 ) )  office | GPA__|
Newton 1727017 333 361 Find offices and GPAs: Myyice cra(STUDENT) 022 4.00
Karp 348882811 022  3.98 EENPR | G = @
Bernoulli 2921938 022 321 L0 S ;
348882811  CSE311 02| S5
348882811  CSE312 P |2
348882811  CSE344 | S
348882811  CSE351 o | BEE
2921938 CSE3s1 P — R JERE
Database Operations: Selection Database Operations: Natural Join

Student x Takes

Find students Wit GPA> 3.9 0gou(STUDENT) [sucent Name |10 tumber L ofte | con—|couse |

Knuth 328012098 022 4.00 CSE351
Knuth 328012098 022 4.00
Von Neuman 481080220 555 3.78 CSE311
Karp 348882811 022 3.98
Russell 238082388 022 3.85 CSE312
Russell 238082388 022 3.85 CSE344
Retrieve the name and GPA for students with GPA > 3.9 : Russell 238082388 022 3.85 CSE351
Msuugent name ca(Tcpazs o(STUDENT)) Newton 1727017 333 3.61 CSE312
[ student_ Name [GPa | Karp 348882811 022 3.98 CsE3tL
Knuth 4.00 Karp 348882811 022 3.98 CSE312
Karp 3.98 Karp 348882811 022 3.98 CSE344
Karp 348882811 022 3.98 CSE351
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