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* Suppose we combine
instructor and department
Into /nst_dept

* (No connection to
relationship set inst_dept)

* Result is possible
repetition of information
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ID | name salary | dept_name | building | budget
22222 | Einstein | 95000 | Physics Watson 70000
12121 | Wu 90000 | Finance Painter | 120000
32343 | El Said 60000 History Painter 50000
45565 | Katz 75000 | Comp. Sci. | Taylor 100000
98345 | Kim 80000 | Elec.Eng. | Taylor 85000
76766 | Crick 72000 | Biology Watson 90000
10101 | Srinivasan | 65000 | Comp. Sci. | Taylor 100000
58583 | Califieri 62000 | History Painter 50000
83821 | Brandt 92000 | Comp. Sci. | Taylor 100000
15151 | Mozart 40000 | Music Packard | 80000
33456 | Gold 87000 | Physics Watson 70000
76543 | Singh 80000 | Finance Painter | 120000
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What About Smaller Schemas? [Hi##] |

* Suppose we h?d started with /nst_dept. How would we know to split up
(decompose) #+77 it into /nstructor and department?

* Write a rule “if there were a schema (dept_name, building, budget), then
dept_name would be a candidate key”

« Denote as a functional dependency B Z& i
dept_name — building, budget

* In /nst_dept, because dept name is not a candidate key, the building and
budget of a department may have to be repeated.

* This indicates the need to decompose /inst dept

* Not all decompositions are good. Suppose we decompose
employee(lD, name, street, city, sa/aryf iInto

employeel (1D, name)
employee? (name, street, city, salary)

* The next slide shows how we lose information -- we cannot regqnst%c%'gﬁt%?
%ggmal employee relation -- and so, this is a lossy decomposition
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ID name | street city salary

57766 | Kim | Main | Perryridge | 75000
98776 | Kim North | Hampton 67000

employee
Y Y
ID name name | street city salary
57766 | Kim Kim | Main | Perryridge | 75000
98776 | Kim Kim | North | Hampton 67000
\ natural join /
ID name | street city salary

57766 | Kim | Main Perryridge | 75000
57766 | Kim | North | Hampton 67000
98776 | Kim | Main | Perryridge | 75000
98776 | Kim | North | Hampton 67000
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Example of Lossless-Join Decomposition

TeAR 77l [BEAR]

* Lossless join decomposition

* Decomposition of K = (A, B, C)
R,=(AB) R, =(BC

A|B|C Al B B C

alllA all 1 A

pl2|B B2 2 | B

r [Tap(r) [1gc(N)
A|B|C

[a (X I (1)
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8.2 First Normal Form 5 —Ju 3\ 1|\|F§3‘)§]

« Domain is atomic J&FI if its elements are considered to be
indivisible units
* Examples of non-atomic domains:

* Set of names, composite attributes
* |dentification numbers like CS101 that can be broken up into parts

* A relational schema R is in first normal form if the domains of all
attributes of R are atomic [Z6—JE AT E X ]

* Non-atomic values complicate storage and encourage redundant
(repeated) storage of data

* Example: Set of accounts stored with each customer, and set of owners
stored with each account

* We assume all relations are in first normal form (and revisit this in
Chapter 22: Object Based Databases)
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First Normal Form (Cont'd) [FEA#]

 Atomicity 514 is actually a property of how the elements of
the domain are used. [EEZ K& E4H, MALE A4l
* Example: Strings would normally be considered indivisible

e Suppose that students are given roll numbers which are strings of the
form CSO012or FE1127

* If the first two characters are extracted to find the department, the
domain of roll numbers is not atomic.

* Doing so is a bad idea: leads to encoding of information in application
program rather than in the database.

o S UE T SR T ?
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8.3 Goal — Devise a Theory for the Folloing

* Decide whether a particular relation Ris in “good” form.

* |In the case that a relation Ris not in “good” form, decompose it
Into a set of relations {A,, A,, ..., R} such that
* each relation is in good form
* the decomposition is a lossless-join decompaosition

* Our theory Is based on:
» functional dependencies PR EK #i
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Functional Dependencies PR UK i [%T):]

* Constraints on the set of legal relations.

* Require that the value for a certain set of attributes determines
uniquely the value for another set of attributes.

. A functional dependency Is a general|zat|on of the notion of a key.

BRI A B EI’J JWME%
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Functional Dependencies (Cont.)

* Let R be a relation schema
ac R and P R
* The functional dependency

oa—>f
holds on R if and only if for any legal relations AR), whenever any two
tuples ¢ and ¢, of ragree on the attributes o, they also agree on the

attributes B. That s,
nla]l = o] = 4] = 4[F]

* Example: Consider rA,B) with the following instance of r.

1 4
1 5
3 7

* On this instance, A —> Bdoes NOT hold, but B— A does hold.
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Functional Dependencies (Cont.)

* K'is a superkey for relation schema Rif and only if K— R

* K'is a candidate key for Rif and only if

 K— R and
c fornooac Ko— R Hltn:. %%, Wi, Kot

* Functional dependencies allow us to express constraints that cannot be
expressed using superkeys. Consider the schema:

nst_dept (ID_name, salary_dept name. building, budget).
We expect these functional dependencies to hold:
dept_name— building
and ID => building
but would not expect the following to hold:
dept_name — salary
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Functional Dependencies (Cont.) [2£§#]

* A functional dependency is trivial ~FFLB] if it is satisfied by all
Instances of a relation
* Example:

* /D name— ID
* name— name

* In general, a = Sis trivial if fc a
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Boyce—qud Normal Form BCNF
BCYEI\ [HE 1]

A relation schema Ris in BCNF with respect to a set £ of functional
dependencies If for all functional dependencies in £ of the form
oa—f
where oo € Rand S < R at least one of the following holds:

*a — fistrivial (i.e., fc o)

* a Is a superkey for R

Example schema notin BCNF:

str_dept (ID._name, salary, dept_name, building, budget)
because dept name— building, budget
holds on /instr_dept, but dept_name is not a superkey



i'i%gn FPIAAYEEER

I |) THE SCHOOL OF MANAGEMENT
( -/ XI'AN JIAOTONG UNIVERSITY

AR BCSE AT B> #2774 (2R

* Suppose we have a schema A and a non-trivial dependency
o —f causes a violation of BCNF.

We decompose R into:

(aUP)
(R-(B-a))iE: &AM

* In our example,
* o = dept_ name
* B = building, budget
and /nst_dept is replaced by
* (aUPB) = (dept_name, building, budget)
*(R-(pB-a))=(/D name, salary, dept name)
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Comparison of BCNF and 3NF [H ]

* |t Is always possible to decompose a relation into a set of
relations that are in 3NF such that:

* the decomposition is lossless
* the dependencies are preserved PREFHK R

* It is always possible to decompose a relation into a set of
relations that are in BCNF such that:
* the decomposition is lossless
* It may not be possible to preserve dependencies.
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* ZERRE o > B

* A relation schema Ris in 4NF with respect to a set D of functional
and multivalued dependencies if for all multivalued dependencies
in O of the form oo >— B, where oo < Rand B < R at least one
of the following hold:

ca—>—>Bistrivial (le., Bcaoraup =K)
* a is a superkey for schema R

* |f a relation is In 4NF it is in BCNF
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