


RDBMS Architecture

« How does a SQL engine work ?

SQL
Query

Declarative
query (from
user)

Relational Algebra allows us +o translate declarative
(SQL) queries into precise and optimizable expressions!
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Algebra and the connection to logic and queries

* Relational Algebra
— QOperators

25



Relational Algebra (RA) operators Al eperators takein 1 or
more relations as inputs and

. . return another relation
e Five basic operators:

1. Selection: o

2. Projection: IT Two perspectives: we focus on the named perspective,

3. Cartesian Product: x where every attribute must have a uigue name, thus

4. Union: U attribute order does ot matter (contrast with vectors)
5. Difference: —

« Auxiliary operators (sometimes counted as basic):
« Extended RA

1. Duplicate elimination 6

6. Renaming: p ("rho")

e Derived

7. Joins < (natural, equi-join, theta join, semi-join) 2. Grouping and aggregation y

8. Intersection / complement 3. Sorting T

9. Division RDBWMSs use multisets (bags),
\ however in RA we will consider sets

Relational difference — can also be written as \ like set difference. "-" is used e.g. by [Silberschatz+'20], [Ramakrishnan+'03], [Garcia-Molina+2014], and [Elmasri+'15]
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Relational Algebra (RA) operators

« Five basic operators:

1. Selection: ¢ ("sigma")
2. Projection: I
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1. Selection (o)

o Returns all tuples which satisfy a
condition

« Notation: o_(R)

« Examples
— Employee(ssn,name,salary)
=~ Osalary > 40000 (EMployee)
= Opame = “smith” (EMployee)

« The condition c can be comparison
predicates =, <, £, >, >, <>
combined with AND, OR, NOT

Wolfgang Gatterbauer. Principles of scalable data management: https://northeastern-datalab.github.io/cs7240/

Student(sid,sname,gpa)

5QL:
SELECT *

FROM  Student
WHERE gpa> 3.5

U
?

RA:
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1. Selection (o)

o Returns all tuples which satisfy a
condition

« Notation: o_(R)

« Examples
— Employee(ssn, name, salary)
=~ Osalary > 40000 (EMployee)
= Opame = “smith” (EMployee)

« The condition c can be comparison
predicates =, <, £, >, >, <>
combined with AND, OR, NOT
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Student(sid,sname,gpa)

5QL:
SELECT *

FROM  Student
WHERE gpa> 3.5

RA: @

Ogpa >3.5(Student)
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1. Selection example

Employee
SSN Name Salary
1234545 John 20000
5423341 Smith 60000
4352342 Fred 50000

Osalary > 40000 (EMployee) @

?
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1. Selection example

Employee

) SSN Name Salary .
{('\A 1234545 John 20000 |,

( 5423341 |  Smith 60000 |,

(4352342 Fred 50000 ]

Osalary > 40000 (EMployee) @

SSN Name Salary
5423341 Smith 60000
4352342 Fred 50000
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2. Projection (II)

Student(sid,sname,gpa)

e Eliminates columns, then removes
duplicates (set perspective!)

| SQL:
+ Notation: Iy, an(R] SELECT DISTINCT sname, gpa
o Alternative: IT g, g5,(R) FROM Student
"project away" operator (not stavdard)
« Example: project on social-security J L
number and names:
— Employee(ssn, name, salary) RA:
— IT sy, name (EMployee)
— OQOutput schema: Answer(SSN, Name) >
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2. Projection (II)

Student(sid,sname,gpa)

e Eliminates columns, then removes
duplicates (set perspective!)

| SQL:
+ Notation: Iy, an(R] SELECT DISTINCT sname, gpa
« Alternative: II g; 3,(R) FROM Student
"project away" operator (not stavdard)
« Example: project on social-security J L
number and names:
— Employee(ssn, name, salary) RA:
- HSSN, Name (Employee) Hsname’gpa(StUdent)

— OQOutput schema: Answer(SSN, Name)
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2. Projection example

Employee
SSN Name Salary
1234545 Ciara 20000
5423341 Ciara 60000
4352342 Ciara 20000

IT hame (Employee)

U
?
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2. Projection example

Employee
SSN Name Salary
1234545 Ciara 20000
5423341 Ciara 60000
4352342 Ciara 20000
IT hame (Employee) @
Name
Ciara
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2. Projection example

Employee
SSN Name Salary
1234545 Ciara 20000
5423341 Ciara 60000
4352342 Ciara 20000

L1 name, salary (Employee)

U
?
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2. Projection example

Employee
SSN Name Salary
1234545 Ciara 20000
5423341 Ciara 60000
4352342 Ciara 20000
L1 name, salary (Employee) @
Bag semantics
Name Salary
? Ciara 20000
O Ciara 60000

Wolfgang Gatterbauer. Principles of scalable data management: https://northeastern-datalab.github.io/cs7240/

37


https://northeastern-datalab.github.io/cs7240/

2. Projection example
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Employee
SSN Name Salary
1234545 Ciara 20000
5423341 Ciara 60000
4352342 Ciara 20000
Which sewmantics is ’?
I hame, salary (Employee) @ more efficient? g
Bag semantics
Name Salary Name Salary
Ciara 20000 Ciara 20000
Ciara 60000 Ciara 60000
Ciara 20000
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Composing RA Operators

Patient Patient
no |name |zip disease il> zip disease
1 p1 98125 flu 98125 flu
2 p2 98125 heart 98125 heart
3 p3 98120 lung 98120 lung
4 p4 98120 heart 98120 heart
isase-neart Patient)) <L
zip disease
98125 heart
98120 heart
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Composing RA Operators

Patient
no name |zip disease
1 p1 98125 flu
2 p2 98125 heart
3 p3 98120 lung
4 p4 98120 heart
Oscnce-neari(Patient) <L
no |name |zip disease
2 p2 98125 heart
p4 98120 heart

How do we call what we see o +this page /
the property of these two operators

)

Patient

O-disease=‘heart’ (

S

O-disease=‘heart’(Patient)
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zip disease
98125 flu
98125 heart
98120 lung
98120 heart
Patient)) @
zip disease
98125 heart
98120 heart
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Composing RA Operators

"commuting operators”

Patient Patient
no name | zip disease zip disease
1 p1 98125 flu j> 98125 flu
2 p2 98125 heart 98125 heart
3 p3 98120 lung 98120 lung
4 p4 98120 heart 98120 heart
Oscnce-neari(Patient) <L isase-neart Patient)) <L
no |name |zip disease zip disease
2 p2 98125 heart 98125 heart
4 |p4  |98120 | hear j> 98120 heart

O-disease=‘heart’(Patient)
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Logical Equivalece of RA Plans

R(A,B)

? Do projection & selection
[14 (UA=5 (R )) < Og=5 (HA (R )) commute in this example?

Wolfgang Gatterbauer. Principles of scalable data management: https://northeastern-datalab.github.io/cs7240/
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Logical Equivalece of RA Plans

R(A,B)

? Do projection & selection
[14 (0A=5 (R )) < Og=5 (HA (R )) commute in this example?

HB(GA=5(R)) (;) GA=5(HB(R)) What about here?

Wolfgang Gatterbauer. Principles of scalable data management: https://northeastern-datalab.github.io/cs7240/

VYes ©
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Logical Equivalece of RA Plans R(AB)

! Do projection & selection
[y (0A=5 (R)) < Oa=5 (HA (R)) commute in this example? fes ©

R(g

[, (UA - (R)) (:) Oj—= (R)) What about here? No ©
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