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The Relational Data Model

A Relational Model of Data for
Large Shared Data Banks

E. F. Cobp y
IBM Research Laboratory, San Jose, California

Future users of large data banks must be protected from
having to know how the data is organized in the machine (the
intemal representation). A prompting service which supplies
such information is not a satisfactory solution. Activities of users
at terminals and most application programs should remain
unaffected when the internal representation of data is changed
and even when some aspects of the externcl representation
are changed. Changes in data representation will often be
needed as a result of changes in query, update, and report
traffic and natural growth in the types of stored information.

Existing noninferential, formatted data systems provide users
with tree-structured flles or slightly more general network
models of the data. In Section 1, inadequacies of these models
are discussed. A model based on n-ary relations, a normal
form for data base relafions, and the concept of a universal
data sublanguage are introduced. In Section 2, certain opera-
tions on relations (other than logical inference) are discussed
and applied to the problems of redundancy and consistency
in the user's model.
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Ordering of Events in Distributed Systems

Time, Clocks, and the
Ordering of Events in
a Distributed System

Leslie Lamport
Massachusetts Computer Associates, Inc.

The concept of one event happening before another
in a distributed system is examined, and is shown to
define a partial ordering of the events. A distributed
algorithm is given for synchronizing a system of logical i /M‘ﬁﬂ?é&;s
clocks which can be used to totally order the events.

Lamport@QCACM’1978 Leslie Lamport (1941 ~)
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Time, Clocks, and the
Ordering of Events in
a Distributed System

Leslie Lamport
Massachusetts Computer Associates, Inc.

The concept of one event happening before another
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define a partial ordering of the events. A distributed
algorithm is given for synchronizing a system of logical i KM‘@%&S
clocks which can be used to totally order the events.
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Ordered Pair and Cartesian Product
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|
UD Problem 9.19: Distributive Laws

Ax(BUC)=(AxB)U(AxC(C)
Ax(BNC)=(AxB)N(AxC)
Ax(B\C)=(AxB)\(AxCO)
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UD Problem 9.18: Cartesian Product and “C”
AxBCCxD+«ACCABCD
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UD Problem 9.18: Cartesian Product and “C”
AxBCCxD+«ACCABCD

Proof.

(z,y) e AxB = (x,y) € Cx D

re€ANyeB = xe€CAyxD

(reAd = zeC)N(yeB = yeD)
(ACC)N(BCD)
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UD Problem 9.18: Cartesian Product and “C”
AxBCCxD+«ACCABCD

Proof.

(z,y) e AxB = (x,y) € Cx D
rceANyeB = zcCAyxD A=QVvVDB=1(
(xeAd = 2zecC)N(yeB = yeD)
(ACC)N(BCD)

AxBcCOxD2EZL AccoaBCD

By contradiction.
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Definition (Equivalence Relation)
R is an equivalence relation on X if R is
Reflexive: Vo € X : xRx

Symmetric: Vz,y € X : xRy = yRx

G

Transitive: Vx,y,z € X : xRy ANyRz — xRz

cWopo
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Definition (Equivalence Class)

Equivalance Relation R C X x X

The equivalence class of a modulo R is a set:

[alp ={r e X :a~x}
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UD Problem 10.10

~ is an equivalence relation on X

Prove that
Ve,ye X : [z]o =[yl~ = z~y.
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UD Problem 10.9

~ C R? x R?

(z1,22) ~ (y1,y2) <= Even(x1 —y1) A Even(za — y2)

Q : Is ~ an equivalence relation?
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UD Problem 10.9

~ C R? x R?

(z1,22) ~ (y1,y2) <= Even(x1 —y1) A Even(za — y2)

Q : Is ~ an equivalence relation?

@ : What is the partition of R??
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UD Problem 10.13: Equivalence Relations/Classes on Polynomials
p(z) = ana” + an 12" '+ +arz' +ao (a5 € R,n €N)
(a)
p~q < p(0) =q(0)
[p(z) = =]~

p~q <= deg(p) = deg(q)
[p(x) =3z + 5|~

p~q <= deg(p) < deg(q)
[p(z) = 2]~
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Definition (Partition)
A family of sets {A,, : « € I} is a partition of X if
(i)
Vael: Ay #0
Voeldre X :xe A,
(i)
UAu=X
acl

Vee X dael:xe A,
(iii)
Va,,@EI:AaﬂAlg:@\/AQZAB
Va,ﬁE[:AaﬁAﬂ#(b — Aa:Aﬂ
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UD Problem 11.8: Partitions of the Set of Polynomials

p(x) = ap2" + ap12" '+ + a1zt + a9 (a; € Ryn €N)

deg(p=0) = —oc0

Ay ={p:deg(p) =m} meN
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UD Problem 11.8: Partitions of the Set of Polynomials

p(x) = ap2" + ap12" '+ + a1zt + a9 (a; € Ryn €N)

deg(p=0) = —oc0

(a)
Am ={p:deg(p) =m} meN
(p = 0) ¢ U Am
meN
(c)
Ag={p:3Ir(p=gqr)} qeP
g€ A,
pEA,

pFqAr=pg = (re AyNAy N(Ay, # Ay)
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UD Problem 11.8: Partitions of the Set of Polynomials
p(x) = ana” + ap_12" 4+ +axt +ap (a; € R,n €N)

deg(p=0) = —0

A.={p:p(0)=c} ceR
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UD Problem 11.4: Partitions of R3
Is {A, | r € R} a partition of R3?

Ar={(z,y,2) ER3:x+y+z=1}
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UD Problem 11.4: Partitions of R3
Is {A, | r € R} a partition of R3?

A ={(z,y,2) ER’ 1z +y+z=r1}
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UD Problem 11.4: Partitions of R3
Is {A, | » € R} a partition of R3?

AT:{(%?/,Z) 6R3:I2—|—y2+22:r2}
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UD Problem 11.4: Partitions of R3
Is {A, | » € R} a partition of R3?

A’":{(%y,z) €R3:I2+y2+22:r2}
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UD Problem 11.9: Subset and Partition
Let {Aq : « € I} be a partition of X # (.

(a)
BCX, Yael:A,NB#0

To prove that

{Aa N B :a €1} isa partition of B.
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el el

xr € U(A N Xl)
el
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el el

xr € U(Asz)
i€l
— dicl:zc ANX;
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el el

iL‘GU(AﬂXl)
il
«— dicel:zc ANX;
<~ dicl:z€c ANz € X;
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el el

iL‘GU(AﬂXl)
il
«— dicel:zc ANX;
<~ dicl:z€c ANz € X;

<~ v € ANTiecl :zeX;

@nju.edu.cn) 1-9 Set Theory (II): Relations 2019 4¢ 12 A 05 H
)

22/25



il el

iL‘GU(AﬂXl)
il
«— dicel:zc ANX;
<~ dicl:z€c ANz € X;

<~ v € ANTiecl :zeX;

<— ;UEA/\&L‘EUXi
el
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el el

iL‘GU(AﬂXl)
i€l

diel:xe AN X;
diel:z e ANz e X;
reANTiel:xzeX;
;UEA/\&L‘EUXi

el
£UEAOUXZ'

el

[ A
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U(AﬁXi):AﬂUXZ‘

el el

el i€l
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il

A\ JXi =

iel

A\ (X =

iel

:AQUXZ'

el

i€l

A\ X))

il

U@ xi)

il
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UxinJvi2 JXxiny)

icl iel iel
ﬂXiUﬂY;L C ﬂ(Xz'UYz‘)
iel iel iel
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Wei

(hf

UxinUvi2 U&iny)

icl iel iel
ﬂXiUﬂY;L C ﬂ(Xz'UYz‘)

el el i€l

ze(XiuY;

icl icl
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UxinJvi2 JXxiny)

el el iel

ﬂXiUﬂY;gﬂ(XiUYi)

el el i€l

ze(XiuY;

iel iel
= ze(|X;vze Y
iel iel
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UxinUv2JXiny)

el el iel

ﬂXiUﬂY;gm<XiUYi)

el el i€l

xEﬂXiUﬂYi
iel iel
= ze(|X;vze Y
iel iel
— Viel:zeX;VViel:xeY;
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UxinUv2JXiny)

el el iel

ﬂXiUﬂY;gm<XiUYi)

el el i€l

xEﬂXiUﬂYi
icl icl
= ze(|X;vze Y
i€l icl
— Viel:zeX;VViel:xeY;
= Viel:(zeX;VzeY)
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UxinUv2JXiny)

el el iel

ﬂXiUﬂY;gm<XiUYi)

el el i€l

xEﬂXiUﬂYi

iel iel
= ze(|X;vze Y

iel icl
— Viel:zeX;VViel:xeY;
= Viel:(zeX;VzeY)
= ze[|(X;UY))

icl
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UxinJvi2 JXxiny)

el el iel

ﬂXiUﬂY;gﬂ(XiUYi)

el el i€l

ze(XiuY;

iel iel
= ze(|X;vze Y

iel icl
— Viel:zeX;VViel:xeY;
= Viel:(zreX;Vrey;)
= ze[|(X;UY))

icl

X = {1}7X2 = {2}7 Y1 = {2}7Y2 = {1}
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Order in the Reals
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