Relational Model

A\ 6 basic relational algebra operators:
Select:
Project: IT
Union: U
Set difference: —
Cartesian product: x
Rename: p
Additional Operations:
Set intersection
Natural join
Division
Assignment
i.e.
= Attributes: ID, name, dept_name, salary

= Schema: instructor (ID, name, dept_name, salary)
= Instance: rows in the relation

| ID | name | dept_name | salary \
22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | El Said History 60000
45565 | Katz Comp. Sci. | 75000
98345 | Kim Elec. Eng. 80000
76766 | Crick Biology 72000
10101 | Srinivasan | Comp. Sci. | 65000
58583 | Califieri History 62000
83821 | Brandt Comp. Sci. | 92000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
76543 | Singh Finance 80000

Primary key is one of the selected candidate keys

Foreign key constraint: value in one relation must appear in another

A\ Some operation examples:
Select [&1H]
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Tips: A (and), v (or), = (not

Example of selection:

O branch_name="Perryridge ’( accoun f)
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Example: to eliminate the branch_name attribute of
account (branch_name, account_name, balance)

account_number, batance (account)

Example: to find all customers with either an account or a
loan

[ customer_name (depositor) O Tl customer_name (borrower)
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Rename [E# &)

Example:

P x(6)

returns the expression £under the name X
If a relational-algebra expression £ has arity 7, then

px(A1,A2,.4.,A,, )(E)

Set-Intersection [3Z£]
Relation 7, s
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Natural-Join [E A& 1]
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Assignment [4)EZ]
Example: Write r+ sas
templ < [lg.s(r)
temp2 « [p.s ((templx s) - p.s55(r))
result= templ - temp2
The result to the right of the « is assigned to the relation variable on
the left of the «.

May use variable in subsequent expressions.

A\ Quiz of relational model operation:
Here is a banking relational model example:

branch account depositor customer
branch_name {—|_ account_number <—|_ customer—name > customer—name
branch_city branch_name account_number customer_street
assets ' balance customer—city
loan borrower
loan_number <—|— customer—name
branch_name loan_number
amount

1)
Find all loans of over $1,200

G amount » 1,200 (foan)
BE BEERE—MEMEIA.
(2)
Find the names of all customers who have a loan at the Perryridge branch.
I_Icustomer'_nqme (Gbranch_name = "Perryridge” (
Gborrower.loan_number = loan.loan_number (borrower x loan)))
OR

chsfomer'_name(o'loan.Ioan_number‘ = borrower.loan_number (
ranch_name = “Perryridge" (101
2 “Perryridge” (foan))x—borrower)y————
BB BEBIE—KE Perryridge" B FHIANTEFRHS borrower FLALER/RFR (81T loan_number ik
%#) HEHEHE customer_name.
)
Find The largest account balance
= Strategy:
= Find those balances that are 7ot the largest

Rename account relation as d'so that we can compare each account balance with all
others

« Use set difference to find those account balances that were not
found in the earlier step.

1_[lm/am:e( accoun f) r Haccountba/ance

(S account.balance « d balance (account x py (account)))




B SRENRSRENILREAERAN, REFHHAERERERANE.
(4)

Find the names of all customers who have both a loan and an account at bank.
chsromer_name (bor' rower, ) N chsfomer_name (dePOS/'fO" )

BB BT borrower I & depositor AR H KT &,

(5)

Find the name of all customers names, their load numbers and loan
amount

chsfarner name, loan_number, amount (bor' rower X /00/7)
BR&: IR AFERRA natural join EEEEMTTZ=AT,
(6)
Find names of all customers who have an account from both the
"Downtown" and the "Uptown" branches.

ncusfomer_name (Gbranch_name = "Downtown"” (dePUS tor X account )) N

eustomer_name (Gbr‘aﬂcﬁ name = “Uptown" (depositor <|account))
BB BEFR K, natural join J§F branch_name="++++fifii, RERFMHRKIZE.
(7)

Find names of all customers who have an account at all branches located in
Brooklyn city. I cistoiien: name. Branch narie(OEPOSITOP |5q account)

= Hbranc/r_name (be'anch_ciryz “Brooklyn" \L/'dricr))

HE&: 2245 account 5 depositor ##4T natural join BX customer_name [{% branch_name TZ, /Figid
branch C|ty—— Brooklyn 1£ branch A% H L FIFFE branch_name 7T&, &ERKFIE XN GH#HTT devision
BAEILR1BIT branch_name #1453 %B& branch_name BI1EF .

A\ Query Processing:

parser and relational-algebra
translator expression

4@

execution plan

query
output

evaluation engine

=

data statistics
about data
3 main steps:

Parsing and translation

BERELARTBARARBER, AEBTRREIEEFRIEXR.

Optimisation

RXEREMEZHENER, E—PRARYETUEAEZHTRMA, EFFNEEPRAREHAI—
FREEZ—EHRERENAL (MEAEHEEETEMA. DEAHEATEMRENEEMRKE—D
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Evaluation

BT, TR, SHER HEEWSBRENEERE)

A Measures of Query Cost:

~disk access (ignore)

~CPU (real systems can't ignore, but we can)

~network communication (must be considered in parallel systems)
~response time (hard to estimate)

~total resource consumption (easy to minimize)

More specific:

= Disk cost can be estimated as:
= Number of seeks (average-seek-cost)
= Number of blocks read (average-block-read-cost)
= Number of blocks written (average-block-write-cost)
= For simplicity, use the number of block transfers from/to disk
and the number of seeks as the cost measures
= Assume for simplicity that write cost is same as read cost
« 77~ time to transfer one block
= 15~ time for one seek
= Cost for b block transfers plus s seeks
b*tr+s*ts
= 7sand 7rdepend on where data is stored; with 4 KB blocks:
= High end magnetic disk: 75= 4 msec and #,=0.1 msec
= SSD: 75=20-90 microsec and 7= 2-10 microsec for 4KB
=« msec (millisecond or ms); microsec (microsecond or ps); 1Ims=1,000us



