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Abstract

This paper is a logical continuation of research devoted to the actual problem of developing the theoretical
foundations of table (relational) databases. The issue of using multisets in table databases is important and
relevant. Many database-oriented languages require a relational model with multiset semantics. There are
many applied problems, the feature of which is multiplicity and repeatability of data. For example, these
are sociological polls of different population groups, calculations on DNA, and others. In this context, the
question of constructing a tuple calculus for a multiset table algebra is considered, in which the concept of
a table is refined using the concept of a multiset. In the article, the formalization of tuple calculus for
multiset table algebra is carried out. The alphabet, and the syntax of terms, atoms, and formulas are
defined. A set of legal formulas is introduced through the concept of the free and bound variable. The
concept of a scheme and set of attributes with which a tuple variable occurs in a formula are also
introduced. The definition of tuple calculus expression for multiset table algebra is given, according to
which it is a multiset of tuples that satisfy the condition defined by the legal formula. The article provides
rules for determining the number of tuple duplicates in the resulting multiset. Another important result
consists in proving that constructed tuple calculus is as expressive as multiset table algebra. This research
opens up new possibilities for database theory development and may be useful for information technology
and database professionals. It contributes to a deeper understanding of construction query principles, an
important aspect of modern computer science and industry.
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1. Introduction

Relational calculus underlies most relational query languages, specifying only the expected result,
while relational algebra involves constructing a relational expression and performing operations.
There are two main approaches to relational calculus:

*  Tuple calculus (E. Codd) which operates on table tuples [1];
e Domain calculus (M. Lacroix, A. Pirotte) which focuses on table domains [2].

The clarification of the concept of relation in terms of naminal sets was carried out by V.N.
Redko, Yu.Y. Bron, D.B. Buy, and S.A. Polyakov [3]. The monograph [4] introduces the
consideration of table algebra for infinite (finite) tables, which significantly generalizes and extends
classical Codd's relational algebra. The generalization is that a relation is understood as an arbitrary
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set of single-scheme tuples, in particular, an infinite one, while each table is assigned a certain
scheme. Tuple (domain) calculi have been also constructed for these algebras. Tuple calculus and
domain calculus are supplemented with functional and predicate signatures on the universal
domain. Two main results are presented. The first result demonstrates the equivalence between the
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table algebra for infinite tables and the corresponding generalized relational calculi. The second
result focuses on the equivalence between the subalgebra for finite tables of this algebra and the
corresponding restricted generalized relational calculi. For the second result, the consideration is
limited to only "safe" expressions. The methodological basis of these formalisms is the
compositional approach to programming.

Additionally, in the work [4] multiset table algebra is constructed, which extends database
capabilities through multisets. The signature of multiset table algebra is supplemented with new
operations: inner and outer join operations, semijoin operations, and aggregate operations.

In [5, 6] the theorem-plural and logical-algebraic methods found that table algebra of infinite
tables does not form subalgebra of multiset table algebra since it is not closed with respect to the
union, projection and active complement. Thus, multiset table algebra is not a wider formalism then
table algebra of infinite tables

Many database-oriented languages, such as SQL, require a relational model with multiset
semantics. However, the traditional tuple (domain) calculi do not support queries that produce
tables with duplicates. Therefore, there is a need to develop a calculus for multiset table algebra.

The research aims to construct a tuple calculus for multiset table algebra and to show that it is
no less expressive than multiset table algebra.

2. Basics of Multisets

Many languages oriented towards working with databases require a relational data model with
multiset semantics because, firstly, relations that allow duplicates are useful in many applied fields
where duplicate objects may exist; secondly, in the relational data model, removing duplicates after
performing projection and union operations implies merging identical elements or performing other
labor-intensive actions. Various researchers have focused on the utilization of multisets in
databases, including Paul Grefen and Rolf A. de By [7, 8], G. Lamperti, M. Melchiori, and M. Zanella
[9], G. Garcia-Molina, J. Ullman, and J. Widom [10, 11], A. Silbeschatz, H. Korth, and S. Sudarshan
[12], D.B. Buy, S.A. Polyakov, Yu.Y. Brona, and V.N. Redko [3]. However, this issue still requires
clarification and expansion.

Let's start by considering the key terms of multisets based on sources [3, 13].

Let U be an arbitrary set. A multiset a with basis U is a function

a:U - N,

where N = {1, 2, ... } is the set of natural numbers.
Let D be the universe of elements of multiset bases. A characteristic function of multiset « is a
function y,: D — Z,, the values of which are specified by the following piecewise schema:

a(d) ifd € dom «a

Xa(d) = { 0, else
for all d€D. Here dom « is the range of definition of multiset as a function (dom a = U, - basis
of multiset a).

The empty multiset @, is defined as a multiset which basis is an empty set.

The 1-multisets are multisets whose range of values is the empty set or a single-element set {1}.
These multisets are the analogues of ordinary sets.

The operations over multisets are defined in terms of characteristic functions in monograph [3].
Authors define operations of multiset U, , intersection M4 , difference \; , which build 1-multisets,
and operations of multiset union UX;;, intersection N%,; , difference \¥; , which build multisets of



general view. The Cartesian product of multiset ® , the operation Dist a, which build 1-multiset,
and analog of a full image for multisets are defined too.

3. Multiset Table Algebra

Let's examine the main concepts and statements of multiset table algebra, based on the monograph
[4]. In this case, under relation, understand a multiset, in particular, infinite.

Let's consider two sets: 4 is the set of attributes, and D is the universal domain.

A scheme will be defined as any arbitrary finite set of attributes R S A. A tuple of the scheme R
is a nominal set on pair R, D. The projection of this nominal set for the first component is equal to
R. We will use the following notations: S(R) is the set of all tuples of the schema R, and S is the set
of all tuples.

A table of the scheme R (R € A) is a pair

W, R),

where the first component 1 is an arbitrary multiset, the basis of which ©(1) is the set of tuples of
the same scheme and the second component R is a scheme of the table.

The set of all table on scheme R is designated as W(R) and the set of all table is designated as
Y= UR lp(&)

The notation Occ(s, ) represents the number of duplicate tuple s in the multiset 1. A multiset
Y can also be written as {Sfl, ...,s,?k}, where n; = Occ(s;, ), i =1, ..., k,and O() = {sq, ..., Sx} is
a of the multiset .

Under multiset table algebra is understood an algebra

(qll QP,E ):

: _ (IR AR \R pEPEEE .
where ¥ is the set of all tables, Qpz = {Uau, Naw\aw p.r xR ®ry Ry Rtz ~RIx R R, RycA 1S

the signature, P, E are the sets of parameters. The signature {)p z contains operations of multiset
(union UK, intersection N%;, , difference \%;;) and special operations (selection Op,r » Projection

Tx g ,join & , renaming Rtg g, and active complement ~p ).
uR2
Multiset table algebra is also filled up with additional operations such as inner join (Cartesian

join, natural join, join using attributes and join on predicate), outer join (outer left join, outer right
join, outer full join and union join), semijoin and aggregate operations (Sum, Avg, Max, Min,
Count). The special element NULL is inserted in the universal domain for to define of outer join and
outer set operations. The operations of signature (pz and a formal mathematical semantics of
additional operations are defined in [4].

The following statement holds.

Theorem 1. Any expression of the multiset table algebra can be replaced with an equivalent
expression that uses only the operations of selection, join, projection, union, difference, and
renaming.

Proof. To prove the first statement, we will show that the operations of intersection and active
complement can be expressed through other operations of multiset table algebra. The operation of
multiset intersection can be replaced by the difference [13]:

(W1, RINZ (W2, R) = (1, RN\ (1, RN\E (2, R)).

The operation of active complement is expressed through the operations of projection,
difference, and join (by definition):

~r (W, R)) = CUp, RO\G;i (¥, R),



Where C((lp,R}) = T[{Al},R((IrblR>){ ® ® T[{An},R((Irb'R>)’ and R = {All ""ATL} is

4138} {ArAn-1}{An}
a scheme of the table (), R).
According to the proof, the operations of intersection and active complement are derived from
other operations in the signature of multiset table algebra and can henceforth be excluded from
consideration.

4. Tuple Calculus for Multiset Table Algebra

The basis of relational calculus is the calculus of first-order predicates. We will start the
construction of tuple calculus for multiset table algebra with the definition of the alphabet.

The alphabet of tuple calculus for multiset table algebra consists of:

*  aset of attributes 4 and universal domain D;

*  aset of object variables (tuple variables) x4, x5, ...;

* aset of object constants d¢, d, ..;

* aset of function symbols flnl, znz’ vy =1

* aset of predicate symbols p;nl, p;nz, e, my; 21,

* aset of symbols of constant tables {(a, R);

*  aset of symbols of variable tables (X, R);

* the signs of logical operations -, A, V, and quantifiers V, 3;

*  punctuation marks — parentheses () and commas.

The universal domain D is the domain of interpretation of object constants, and the set of all
tuples over D is the domain of interpretation of object variables.

We will use

*  Xx as syntactic variable, the domain of change of which is the set of variables;
*  f as syntactic variable, the domain of change of which is the set of function symbols;
*  p as syntactic variable, the domain of change of which is the set of predicate symbols;
* d as syntactic variable;
* A as syntactic variable, the domain of change of which is the set of attributes.
Terms and formulas are distinguished among the words written using alphabet symbols. Let us
define these syntactic objects by induction on their length.
The following expressions are terms:
a) disaterm;
b) x(A) is a term;
¢) ifuy, ..., u, are terms and f is a function symbol of arity n then f(u4, ..., u,) is a term;
d) there are no terms other than those specified in points a)-c).
Further in the text, u is a syntactic variable, the domain of change of which is the set of terms.
Let's define the formulas, starting with atomic formulas (atoms), which come in three types:
al. For any constant table (@, R) and for any tuple variable X, ag(x) is an atom. ag(x) stands
for x € {a, R).
a2. For any variable table (X, R) and for any tuple variable x, Xz(x) is an atom. Xp(x) stands
for x € {a,R).
a3. For any terms uq, ..., U;,, and for any predicate p of arity m on the universal domain D,
p(uy, ..., u;,,) is an atom.
f1. Let's construct formulas from atoms using the logical connectives =, A,V, quantifiers
V, 3, and parentheses.
f2. Every atom is a formula.
f3. If P and Q are formulas, then =P, PAQ, PVQ are formulas.



f4. If x is a tuple variable, P is a formula, R € A is a scheme, then Vx(R)P,3x(R)P are
formulas.

f5. If P is a formula, then (P) is a formula.

f6. There are no other formulas besides those specified in points f1-f4.

We will use P, Q@ and G as syntactic variables, the domain of change of which is the set of
formulas.

Let's define the class of legal formulas, using the concepts of free and bound variables, the
scheme scheme(x, P) for tuple variable x, and the set of attributes with which tuple variable x
occurs in a formula P, attr(x, P). The expressions Ncheme(x, P) and attr(x, P) are defined if the
tuple x has at least one free occurrence in the formula P. Additionally, the including attr(x, P) S
scheme(x, P) holds if these expressions are defined.

We will define expression attr for terms first:

1. ifu = d, then attr(x,u) = @;
2. ifu = x(A), then attr(x,u) = {A}, and attr(x,y(A)) = @, where x # y;
3. ifu = f(uy, .., uy,), where u; are terms then attr(x,u) = U=, attr(x, u;).
In other words, attr(x, u) is the set of attributes that the scheme of the tuple x must have.
Consider the cases where P is an atomic formula, then
al. if P = ag(x), then x is free in P and scheme(x, P) = attr(x,P) = R;
a2. similarly if P = Xz (x), then x is free in P and scheme(x, P) = attr(x,P) = R;
a3. if P = p(uy, ..., u,,), where u; are terms, and x4, ..., X are all variables of these terms,
then this tuple variables are free in formula P, scheme(x;, P) is undefined, and
attr(x;, P) = UTL, attr(x,w), i = 1, .., k.
Atomic formulas are all legal. The construction of all legal formulas proceeds by induction on
the length of formulas. Assume Q and & are both legal formulas.
f1. If P = =G, then P is legal, and all occurrences of variables in P free or bound as they are
in G. For every tuple x that occurs free in G, scheme(x,P) =~ scheme(x,G) and
attr(x, P) = attr(x, G), where = is a generalized equality, meaning that both sides of
the equality are either undefined or defined and have equal values [14].
f2. If P = GAXor P = GVQ, then all occurrences of variables in P are free or bound as their
corresponding occurrences are in G and Q. Assume variable x occurs free in subformulas
G and/or Q. Define the scheme, and the set of attributes with which tuple variable x
occurs in a formula for formula P. Next cases take place.
a. The schemes of formulas scheme(x,G) and scheme(x,Q) are both defined.
Formula P is legal if equality scheme(x,G) = scheme(x, Q) holds. According to
the definition scheme(x, P) = scheme(x, G).
b. The scheme is defined for only one subformula. Assume scheme(x, G) is defined,
and scheme(x,Q) is undefined. Formula P is legal if including attr(x,Q) S
scheme(x, G) holds. According to the definition scheme(x, P) = scheme(x, G).
c. The scheme is undefined for both subformulas, then formula P is legal but
scheme(x, P) is undefined.
In all these three cases attr(x, P) = attr(x, G) U attr(x, Q).
f3. If P =3x(R)G then x must occur free in G for P to be legal. Furthermore, if
scheme(x,G) is defined, then equality scheme(x,G) = R must hold if including
attr(x,G) S R is held. scheme(x, P) and attr(x, P) are not defined, since x does not
occur free in P. Any occurrence of a variable y # x is free or bound in P as it was in G.
If y occur free in P, then scheme(y, P) = scheme(y, G) and attr(y, P) = attr(y, G).
f4. If P = Vx(R)G, then all restrictions and definitions are the same as in f3.
f5. If P = (G), then P is legal, and free and bound variables, scheme and attr are the same
as for G.

In other words, the equality attr(x, P) = R means that for a specific interpretation of the
formula P, when the variable x takes on a value in the form of a tuple s of the scheme R’, the
inclusion R € R' must hold.



Expressions of tuple calculus for multiset table algebra have the form

{x"(R)|P(x)},
where:
1. The formula P is legal.
2. The variable x is the only variable that occurs free in the formula P.
3. If scheme(x, P) is defined, then scheme(x, P) = R, otherwise attr(x, P) € R.
4. n is the number of duplicates of the tuple x.

It is worth emphasizing that the result of executing the query defined by the expression
{x™(R)|P(x)} is a multiset of tuple described by the expression P(x).

Let P(x) be a legal formula, R S A. Then s substituted for x in formula P is the formula P(s/x).
The value of the formula P(s/x) is determined by modifying each atom from P according to the
following rules:

al. Let the tuple variable x in ag/(x) be free in formula P. By the definition of an legal
formula, we have the inclusion R’ € R. Atom ag/(x) acquires the value of true at s
substituted for x, if s|R" € 6(a), otherwise, atom @y (x) acquires the value of false.

a2. Let the tuple variable x in Xp/(x) be free in formula P. By the definition of an legal
formula, we have the inclusion R’ € R. Atom Xp/(x) acquires the value of true at s
substituted for x, if s|R" € 6(X), otherwise, atom Xpr(x) acquires the value of false.

a3. Let the tuple variable x in P = p(uy, ..., U;,) be free in formula P, then at s substituted
for x, replace x(4;) by d; € D, where (4;,d;) € s (d; is value of attribute A; in tuple s).
Atom p(uy, ..., Uy,) acquires the value of true, if predicate p is true on the proper values,
otherwise atom acquires the value of false.

The set of values of truth of all atoms of formula is called interpretation. Let P be a legal formula
with no free tuple variables. The interpretation of formula P is defined as follows.

f1. If P = G, then G must have no free variables. The formula P is true, if G is false, and it
is false, if formula G is true.
f2. If P = GAQ or P = GVQ, then neither G or Q have free variables. If P = GAQ, then P

is true exactly when G and @Q are both true, otherwise, P is false. If P = GVQ, then P is
false exactly when G and Q are both false, otherwise, P is true.

f3. If P = 3x(R)G, then x is the only variable that occurs free in G. The formula P is true, if
there is at least one tuple s € S(R) such that formula G(s/x) is true, otherwise, formula
P is false.

f4. If P = Vx(R)G, then x is the only variable that occurs free in G. The formula P is true,
if for every tuple s € S(R) formula G(s/x) is true, otherwise, formula P is false.

If P = (G), then P is true, if formula G is true and P is false, if G is false.

Let E = {x"(R)|P(x)} be a tuple calculus expression. The value of expression E is the table
(@, R) of multiset table algebra containing every tuple s € S(R) such that formula P(s/x) is true.
The number of duplicates of the tuple s in the table (¢, R) is determined as follows:

1) if P = ag(x),thenn = Occ(s,p) = Occ(s, a);

2) if P = Xg(x),thenn = 0cc(s,p) = Occ(s,X);

3) if P =p(uy,..,u,;), where u; are terms, j = 1,m, and xy, ..., X) are all variables of
these terms, then

n = Occ(s, @) = % s'eo(),s'|R'=s Occ(s', V),

p(uq,...uym)=true

where (i, R) is the table to which the query is constructed, R" = UjL; attr(x;, u;),i =
1k;
4) if P = =G and the formula G generates m duplicates of the tuple s, then
5)
n = 0cc(s,p) = Occ(s,C())—m,



where C(¥) is a multiset of the table C({y,R)) which is the saturation of the table

(1, R), which is the value of the expression {y"(R)|P(y)}, and x~y = {x 0 3}2{ z ; y;

6) if P = GAQ, the formula G generates k duplicates of the tuple s, and the formula Q
generates m duplicates of the tuple s, then n = Occ(s, ¢) = min (k, m);

7) if P = GVQ , the formula G generates k duplicates of the tuple s, and the formula Q
generates m duplicates of the tuple s, then n = Occ(s, @) = k + m;

8) if P =3x(R)G and the formula G generates k duplicates of the tuple s, then n =

Occ(s,p) = k.
9) if P =Vx(R)G and the formula G generates k duplicates of the tuple s, then n =
Occ(s,p) = k.

10) if P =(G) and the formula G generates k duplicates of the tuple s, then
n = 0cc(s,p) = k.

Theorem 2. If F is a multiset table algebra expression, then it is possible effectively to build
equivalent to it expression E of tuple calculation.

Proof. According to Theorem 1, in the proof, it is sufficient to consider expressions of multiset
table algebra that contain only the operations of union, difference, selection, projection, join, and
renaming. We will prove this theorem by mathematical induction on the number of operations in
the expression F.

Basis. In this case, the expression F does not contain any operations. There are two cases.

First case. If F = {a, R) is constant table, where « is a multiset of the scheme R, then E =
{x"(R)|ar(x)}.
Second case. If F = (X, R) is variable table, then E = {x"(R)|Xr(x)}.

Induction. Assume the theorem holds for any multiset table algebra expression with fewer than i
operators. Let F have i operators. There are six cases.

Case 1 (union). F = F; U%, F,,

where expressions F; and F, each have less than i operators. By the inductive hypothesis we can
find tuple calculus expressions {x"(R)|P(x)} and {x™(R)|Q(x)} equivalent to F; and F,
respectively. The values of these expressions are tables in which the tuple x appears n and m times,
respectively. Then E is {x*(R)|P(x)VQ(x)}, where k = n + m.

Case 2 (difference). F = F;\§,/F>,
where expressions F; and F, each have less than i operators. Tuple calculus expressions
{x"(R)|P(x)} and {x™(R)|Q(x)} are equivalent to F; and F, respectively as in Case 1. Then
E = {x*(R)|P(x)A=Q(x)}, where k = n—m.

Case 3 (selection). F = 055 g (F1),
where expression F; has less than i operators. Let {x"(R)|P(x)} be tuple calculus expression
equivalent to F;. Then E = {x*(R)|P(x)Ap(x(47),...,x(A4,;))}, where R = {A;, ..., A} is the
scheme of table that is the value of expression F;. The number of duplicates of the tuple x in the
output table does not change, therefore k = n. Assume that predicate-parameter of select is defined
as p(s) =true & p(s(Al), ...,S(Am)) = true, s € S(R), where p is a predicate symbol of
arity m. o

Case 4 (projection). F = my g (Fy).

Let {x"(R)|P(x)} be tuple calculus expression equivalent to F;. Then
E = {y*(XNR)|3x(R)(P(X)A Asexnr ¥(A) = x(A))}, where k = Xp, .y py(a)=x(a) M-
Case 5 (join). F = F; @ F,.
R1,R;

Tuple calculus expressions {x"(R)|P(x)} and {x"(R)|Q(x)} are equivalent to F; and F,
respectively Then E is
{z(R{UR2)|3x(R1)3Y(R2) (P(x) A Q (X)A Apcr, 2(A) = x(A) A Aser, 2(A) = y(A))}, where
k =nxm.o
Case 6 (renaming). F = Rtg g (F1),



where £: A 5 A is injective function that renames attributes. Let {x"(R)|P(x)} be tuple calculus
expression equivalent to F;. Then
E = {y*(R)|3x(R)(P(X)A Acer\aoms Y(€) = X(C) A Aacrnaome x(4) = y(§(A)))}, where
R, = R\dom&U¢[R], and k = n.

5. Relation to the SQL query language

The fundamental data object in the SQL language is not the classical relation of E. Codd but rather a
table. Moreover, SQL tables do not contain sets of tuples but multisets of tuples, meaning duplicates
are allowed. The basic SQL operators are not relational operators in the strict sense but are analogs
of relational operators designed to work with multisets. When creating a new table using a query,
an SQL system typically does not remove duplicate tuples but returns a result in which the same
tuple can appear multiple times. To exclude duplicates, the keyword DISTINCT must be placed after
the SELECT operator.

Let's demonstrate the appropriateness of constructing tuple calculus for multiset table algebra
with the following example.

Example 1. Consider the table (Scores, R), where the scheme R = {N¢, Name, Topic 1, Topic 2,
Topic 3, Quiz} (see Table 1).

Table 1

Table (Scores, R)
Ne Name Topic 1 Topic 2 Topic 3 Quiz
1. Student 1 5 15 14 16
2. Student 2 6 14 15 16
3. Student 3 7 17 20 20
4. Student 4 9 20 19 20
5. Student 5 5 18 15 18
6. Student 6 6 19 13 20
7. Student 7 4 8 9 16

The answer to the question "What scores did the first five students get for the quiz?" in SQL would
look like this:

SELECT Quiz
FROM Scores
LIMIT 5;

The result is a table {(Quiz, Ry ), where the schema R; = {Quiz}, which contains duplicate values
(see Table 2).

Table 2
Table {(Quiz, R,)

Quiz

16
16
20
20
18

It is impossible to implement this query in terms of classical tuple calculus, since the result will
be a set of tuples, not a multiset (as expected), meaning duplicates will not be considered in the
result.



In the tuple calculus for multiset table algebra, the expression equivalent to this query will have
the form:

{x™(Quiz) | Oy(R)(Scores(y) A (N2) = 1V (N2) = 2V(Ne) = 3V(Ne2) = 4V(Ne) = 5)A
Ax(Quiz) = y(Quiz))}.

The result described by this tuple calculus expression is similar to the result obtained when
executing the corresponding query in SQL.

Example 2. Consider the table (Results, R’), where the scheme R" = { Ne, Name, Total, ECTS}
(see Table 3).

Let's consider the query "How many points for the quiz have students who scored more than 83
points in total?".

We will write the corresponding expression of multiset table algebra, assuming that we only
need to know the quiz scores:

F = mquiz ((Scores,R) ® 0T0tal>83(Resu1ts,R’)>.
RR

The result is a table {(Query, {Quiz}), which contains duplicate values (see Table 4).

Table 3

Table (Results, R")
Ne Name Total ECTS
1. Student 1 77 C
2. Student 2 80 C
3. Student 3 93 A
4. Student 4 90 A
5. Student 5 81 C
6. Student 6 79 C
7. Student 7 51 Fx

From Table 4, it is clear that only two students in total have more than 83 points. Let’s write the
tuple calculus expression equivalent to this algebraic expression.

Table 4
Table(Query, {Quiz})
Quiz
20
20

Tuple calculus expressions {x"(R)|Scores(x)} and {y"™(R")|Results(y)} are equivalent to
(Scores, R) and (Results, R') respectively, where R = {Ne, Name, Topic 1, Topic 2, Topic 3,
Quiz} and R' = { Ne, Name, Total, ECTS}.

We have tuple calculus expression

{y™(R")|Results(y)Ay(Total) > 83}
for algebraic expression
Orotar>g3{Results, R').

Its value is a table without duplicates because table (Results, R') does not have duplicates.
Tuple calculus expressions which equivalent to algebraic expression



(Scores, R) @ orytai>g3(Results, R')
RR

is
{zF="m(RUR")|3x(R)3Ay(R") (Scores(x) AResults(y)Ay(Total) > 83Az(Ne) =
x(Ne)Az(Name) = x(Name)Az(Ne) = y(Ne)Az(Name) = y(Name))}.

Since there are no duplicate tuples in the tables (Scores, R) and (Results, R’), there will also be
no duplicate tuples in the resulting table after the join.
Finally, the tuple calculus expression equivalent to the algebraic expression F has the form:

(W9({Quiz}N(RUR"))|3z(RUR")3x(R)Iy(R')(Scores(x) AResults(y) \y(Total) >
83Az(Ne) = x(Ne)Az(Name) = x(Name)A\z(Ne) = y(Ne)Az(Name) = y(Name)))}.

In the table obtained after the join, the tuple z appears once. Therefore, in the output table, the
number of duplicates of the tuple w is

q = X Ae{Quizn(RUR"w(A)=2(a) K-

The result is a table {(Query, {Quiz}), where Occ(s,Query) = 1+ 1 = 2, s = {{{Quiz}, 20)}.
The corresponding SQL query has the form:

SELECT Quiz

FROM scores

INNER JOIN result ON scores. Ne'=result."Ne" AND scores.Name=result.Name
WHERE result.Total>83

Thus, as can be seen from the examples, the constructed tuple calculus for multiset table algebra
allows for the adequate formalization of query languages, particularly SQL, considering the multiset
semantics embedded in them.

Conclusions

The article proposes a tuple calculus for multiset table algebra. The alphabet, syntax of terms,
atoms, and formulas of the tuple calculus are defined. Using the concept of free and bound tuple, the
notion of scheme, and the set of attributes with which a tuple appears in formulas, a class of legal
formulas is introduced. It is shown that the proposed tuple calculus is no less expressive than
multiset table algebra. An example demonstrates the feasibility of constructing tuple calculus for
multiset table algebra, considering that query languages oriented towards database work imply the
repeatability of elements in a table.
The next research challenge is to establish the corresponding dual result.
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