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* Mapping conceptual schema to a relational schema
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Integrity constraints
** Relational algebra and relational calculus
** Functional dependency

J o .
** Normalization and Normal Forms
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“* What is the Relational Model:

’ L}
**Relations,

J . 0
**Domain Constraints.

o3 SQL
** Integrity Constraints
** Translating an ER diagram to the Relational Model and SQL
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“* A relational database consists of a collection of tables:

/ .
** Each table has a unique name,

\/
0’0

Each row represents a uidgle entity.

“* A table corresponds to the mathematical concept of a relation:
“* Relations corresponds to tables,
“* Tuples corresponds to rows.
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“** The key construct in the relational model is a relation:

“* A DB is a collection of relations.

“* Relations consist of a relation instance and a relation schema:

“* A relation instance corresponds to an actual table with a set of
rows.

* A relation schema consists of the column headings of the table.
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“* A schema describes:

/ .
** The relation's name,

“* The name of each column in the table, also known as a field, or
attribute,

* The domain of each field.

* Each domain has a set of associated values like a type.
“* For example, the Customer relation:
“* Customer = (CID, fname, Iname, age, income),

** The schema should also specify the domain of each attribute,
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** A domain of a field is similar to the type of a variable.

** The values that can appear in a field are restricted to the field's domain.

‘ Relation schema: Customer = (cid, fname, Iname, age, salary) ‘

111

222

333

A

Lemma
zeleke

Tesema

kider

Abebe
Tesema
kemal

mume

23
22
47

1/

43000.00 8
C
6764.87 &
k=
71098.65 &
®
4033.32

‘ Eachfield (attribute) has a domain: char(11), char(20), char(20), integer, real ‘
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** A relation instance is a set of tuples, or records.

“** Each tuple has the same number of fields as the schema.

“* No two rows (tuples) are identical:

“* As each relation is defined to be a set of unique tuples or rows.
A set is a collection of distinct values.
“* In practice DBMS allow tables to have duplicate rows in some
circumstances.

“** The order of the rows is not important.
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** The degree (or arity) of a relation is the number of fields (or
columns)

* The degree of the Customer relation is 5.

“* The cardinality of a relation instance is the number of tuples in it

* The cardinality of the Customer relation instance is 4.

“ A relational database is a collection of relations with distinct
relation names.

< A relational database schema is the collection of schemas for all
relations in the database.
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“* SQL stands for Structured Query Language.
** SQL is divided into two parts:

** Data Manipulation Language (DML) which allows users to create,
modify and query data.

** Data Definition Language (DDL) which is used to define external
and conceptual schemas.

“* The DDL supports the creation, deletion and modification of

tables.

** Including the specification of domain constraints and other
constraints.
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“* To create a table use the CREATE TABLE statement.

< Specify the table name, field names and domains.

** For example, to create the Customer table:

CREATE TABLE Customer (

cid CHAR(11),
fname CHAR(20),
Iname CHAR(20),
age INTEGER,
INcome REAL)
06/21/22 1
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*“* To insert a record into an existing table use the INSERT statement:
** The list of column names is optional.

< If omitted the values must be in the same order as the columns.

INSERT
INTO Customer(cid, fname, Iname, age, income)
VALUES (‘111', 'Sami’, ‘abebe’, 23, 65234)

06/21/22 )
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** To delete a record use the DELETE statement:
** The WHERE clause specifies the record(s) to be deleted.

DELETE
FROM Customer
WHERE cid = '111'

“* Be careful, the following SQL query deletes all the records in a
table.

DELETE
FROM Customer

06/21/22 13
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“* Use the UPDATE statement to modify a record, or records, in a
table.

“* Note that the WHERE statement is evaluated before the SET
statement.

“* An UPDATE statement may affect more than one record.

UPDATE Customer
SET age =37
WHERE cid = '111'
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** To delete a table use the DROP TABLE statement.

% This not only deletes all of the records but also deletes the table
schema.

DROP TABLE Customer
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** Columns can be added or removed to tables using the ALTER
TABLE statement:

“** ADD to add a column and,

“* DROP to remove a column.

ALTER TABLE Customer
ADD height INTEGER

ALTERTABLE Customer
DROP height
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“* An integrity constraint restricts the data that can be stored in a
DB.

* To prevent invalid data being added to the DB.

* E.g. two people with the same ID or

00

* Someone with a negative age.

““ When a DB schema is defined, the associated integrity
constraints should also be specified.

“* A DBMS checks every update to ensure that it does not violate
any integrity constraints.
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“* Domain Constraints:

“* Specified when tables are created by selecting the type of the data.
* E.g. age INTEGER

** Key Constraints:

“* Identifies primary keys and other candidate keys.

** Foreign Key Constraints:

“** References primary keys of other tables.
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“* A key constraint states that a minimal subset of the fields in a
relation is unique.

** Le. a candidate key
* SQL allows two sorts of key constraints.

“* The UNIQUE statement identifies candidate keys.

** Records may not have duplicate values for the set of attributes
specified in the UNIQUE statement.

“* A PRIMARY KEY identifies the primary key:
** Records may not have duplicate primary keys and,

< May not have null values for primary key attributes.
06/21/22 19
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** Assume that a patient can be uniquely identified by either PID.
“* Pid is chosen as the primary key.

CREATE TABLE Patient (
PID CHAR(12),
fName CHAR(20),
IName CHAR(20),
age INTEGER,
PRIMARY KEY (cid))

06/21/22 20



** Assume that a patient can be uniquely identified by either PID.

“* Pid is chosen as the primary key.
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“* The ER model is an initial high level design which can be
translated into a relational schema.

* And therefore into SQL.

** Each entity and relationship set can be represented by a unique
relation:

“* Although some relationship sets do not need to be represented by
separate relations.

“** SQL constraints should be included in DB tables to represent
constraints identified in the ERD.
06/21/22 22
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** Rule 1: Entity Names will automatically be table names.

“* Rule 2: Mapping of attributes: attributes will be columns of the
respective tables.

“* Atomic or single-valued or derived or stored attributes will be
columns

“* Composite attributes: the parent attribute will be ignored and the
decomposed attributes (child attributes) will be columns of the
table.

“* Multi-valued attributes: will be mapped to a new table where the
primary key of the main table will be posted for cross referencing.
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“* Rule 3: Relationships: relationship will be mapped by using a
foreign key attribute. Foreign key is a primary or candidate key of
one relation used to create association between tables.

* One-to-One Cardinality: post the primary or candidate key of one
of the table into the other as a foreign key.

“* One-to-Many Cardinality: Post the primary key or candidate key
from the “one” side as a foreign key attribute to the “many” side.

“* E.g.: For a relationship called “Belongs To” between Employee
(Many) and Department (One) the primary or candidate key of the
one side which is Department should be posted to the many side

which is Employee table.
06/21/22 24
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** Many-to-Many Cardinality: for relationships having many to
many cardinality, one has to create a new table (which is the
associative entity) and post primary key or candidate key from
the participant entities as foreign key attributes in the new table
along with some additional attributes (if applicable).
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“* A table that represents a (strong) entity set should have the
following characteristics.

One column for each attribute,
Each row represents a unique entity,

The domain of each attribute should be known and specified in the
table,

The primary key should be specified in the table,

»* Other constraints that have been identified outside the ER model
should also be created where possible,
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= e ., CREATETABLE Customer
D N~ cid CHAR(11),

(i come )\ fname CHAR(20),

Customer

Iname CHAR(20),
age INTEGER,
( Iname ) ... income  REAL

— .~ PRIMARYKEY (cid))
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** The attributes of a relationship set are:

** The primary keys of the participating entity sets, and
“* Any descriptive attributes of the relationship set.
“* The mapping cardinalities of the entities involved in a relationship
determine:
** The primary key of the relationship set and,

** Whether or not the relationship set needs to be represented as a
separate table.

** Foreign keys should be created for the attributes derived from the
participating entity sets.
06/21/22 28
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“* A separate table is required to represent a relationship set with
no cardinality constraints.

“* Ie. relationships that are many to many.
“* The primary key of the relationship set is the union of the
attributes derived from its entity sets.

** A compound key made up of the primary keys of the participating
entity sets.

“* Attributes derived from its entity sets should be declared as
foreign keys.
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' CREATE TABLE Workcid (

cid CHAR(a1),
bname CHAR(30),
start DATETIME,

FOREIGN KEY (cid) REFERENCES Employee,
FOREIGN KEY (bname) REFERENCES Branch,
PRIMARY KEY (cid, bname)) o

start T

( salary ) ( cid ) T A
( bname ) \ \ address )
| | | - N |
‘ Employee works_in —— Branch ‘
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CREATETABLE Manages (

mancid CHAR(11), \Cl——d(/ ?\@e//ﬁ
subcid CHAR(11), \ -
FOREIGN KEY (mancid) REFERENCES Employee, | p Iname
FOREIGN KEY (subcid) REFERENCES Employee, Employee N
PRIMARY KEY (mancid, subcid)) T
subordinate _\ manager
_ manages
06/21/22 31

fppt.com



- e —

CREATE TABLE Employee (

cid CHAR(11),
name CHAR(40),
salary REAL,
bname CHAR(30),
start DATETIME,

FOREIGN KEY (bname) REFERENCES Branch

PRIMARY KEY (cid)) o
start )

- \_/ budget
salary ( ¢cd ) | —
Y G T (address )
name y” S\
‘ Employée »{_ works_in Branch ‘
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Example to illustrate the major rules in
mapping ER to relational schema:
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** Whenever a table with a constraint is modified the constraint must be
checked.

“* A modification can be a deletion, a change (update) or an insertion of a
record.

** If a transaction violates a constraint what happens?

“* Primary key constraints:

A primary key constraint can be violated in two ways:

o2

* A record can be changed or inserted so that it duplicates the primary key of
another record in the table or

o2

* A record can be changed or inserted so that (one of) the primary key
attribute(s) is null.

** In either case the transaction is rejected.
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“* Consider these schema:

/ o .

** Customer = (cid, fname, Iname, age, income)
\/ .

% Account = (accnum, balance, type, cid)

** cid in Account is a foreign key referencing Customer.

e N ¢ ocd ) A\ _accnum balance
(income )| (_ &4 A ) NS /

Customer . owns  ¢—— Account

lname = = fname t

! ype
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| Forelgn I(eys Insertlons |_n t_r

Inserting {409, o, Loan, 55&}
761 904.33 Loan 111 into Account violates the
856 1011.45 Loan 333 foreign key on cid as there is
no cid of 555 in Customer

903 12.05 Loan 222

1042  10000.00 SAV 333 The insertion is rejected;

before it is processed a
Customer with a cid of 555

111 belay  tesema 23 43000.00 must be inserted into the
222 fatuma kedir 22 6764.87 Customertable
333 roman tolosa 47  71098.65

444 Dawed teshome 17 4,033.32
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S —
. Changing this record’s cid to

761 904.33 CHQ 111 555 also violates the foreign

856 1011.45 CHQ 333 key, again leading to the

903 12.05 CHQ 222 transaction being rejected

1042 10000.00 SAV 333

111 belay tesema 23  43000.00
222 fatuma kedir 22 6764.87
333 roman tolosa 47  71098.65

444 Dawed teshome 17 4,033.32
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Deleting this record will violate

761 904.33 CHQ 111 the foreign key, because a
856 1011.45 CHQ 333 record with that cid exists in
— 12,05 | CHO | 222 the Accounttable

1042 10000.00 SAV 333 /

e
A
/S

111 belay tesema 23  43000.00 .
222 fatuma keder 22 6764.87
333 roman tolosa 47  71098.65

444, Dawed teshome 17 4033.32
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Updating this record so that
761 904.33 Loan 111 the cid = 666 will violate the
856 1011.45 Loan 333 foreign key, because a record
with the original cid exists in
the Accounttable

903 12.05 Loan 222

1042 10000.00 SAV 333

111 belay tesema 23  43000.00
222 fatuma keder 22 6764.87
333 roman tolosa 47  71098.65

444 Dawed teshome 17 4,033.32
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“ A deletion or update transaction in the referenced table may violate
a foreign key.

* Different responses can be specified in SQL:
Reject the transaction (the default) - NO ACTION
** Delete or update the referencing record - CASCADE

Set the referencing record's foreign key attribute(s) to null (only on
deletion) — SET NULL

Set the referencing record's foreign key attribute(s) to a default
value (only on deletion) — SET DEFAULT

* The default value must be specified in the foreign key.

*

*
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** There are two basic approaches to translating class hierarchies to
tables.

“* Create separate tables for the superclass and for each subclass:
* The superclass table only contains attributes of the superclass entity.

** The subclass tables contain their own attributes, and the primary key
attributes of the superclass.

* Superclass attributes are declared as both the primary key and a foreign
key in the subclasses.

** Cascade deletion of superclass records to subclasses.

“ Or...

06/21/22 44

fppt.com



** Create tables for the subclasses only:

* The subclass tables contain their attributes, and all of the attributes
of the superclass.

* The primary key of the subclass is the primary key of the
superclass.

** This assumes that there are no entities in the superclass that are not
entities in a subclass:

’0

* 1.e. That a coverage constraint exists.
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Building = (taxnum, city, street, number, proptax)

/

and ...

number )

city |

A _/ .

(" street )

RentalProperty = (taxnumfK, units, avgrate)

HeritageBuilding = (taxnum®¥, age)

Bu

ilding

-

(taxnum )

N~

RentalProperty
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RentalProperty = (taxnum, city, street,

y
y

number, propTax, units, avgrate) R Qlt_u B

( number ) (" street )

and ... \_// \¥/

HeritageBuilding = (taxnum, city,
street, number, proptax, age)

Building

RentalProperty HeritageBuilding
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** Functional Dependencies (FDs)
“** Definition of FD

<* Inference Rules for FDs
“* Equivalence of Sets of FDs

<* Minimal Sets of FDs

* Normal Forms
** First Normal Form
“* Second Normal Form
** Third Normal Form

** Boyce-Codd Normal Form
06/21/22 .
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** Redundant Information in rows and Update Anomalies:
** Mixing attributes of multiple entities may cause problems.
** Information is stored redundantly wasting storage.

“* Problems with update anomalies: Insertion, Deletion and
Modification anomalies .

** UPDATE ANOMALY - Consider the relation:
* EMP_PROJ ( Emp#, Proj#, Ename, Pname, No_hours)
¢ Update Anomaly: Changing the name of project number P, from

“Billing” to “Customer-Accounting” may cause this update to be

made for all 100 employees working on project P,.
06/21/22 50

fppt.com



“* Insert Anomaly: Cannot insert a project unless an employee is
assigned to

“* Inversely - Cannot insert an employee unless an he/she is
assigned to a project.

“* Delete Anomaly: When a project is deleted, it will result in
deleting all the employees who work on that project. Alternately,
if an employee is the sole employee on a project, deleting that
employee would result in deleting the corresponding project.
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Figure 14.3 Two relation schemas and their functional
dependencies. Both suffer from update anomalies. (a) The EMP_DEPT
relation schema. (b) The EmMP_PROJ relation schema.

(a) EMFP DEPT
EMNAME S5M BDATE ADDRESS DNUMBER DM AME DMGRSSM
f f f f ? ;
(b) EMP_PROJ
S5M PHNUMBER HOURS EMNAME PHAME FPLOCATION
F1 I I +
e | : A !
FD3
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Figure 4.4 Example relations for the schemas in Figure 14.3 that
result from applying NATURAL JOIN to the relations in Figure 14.2. These
may be stored as base relations for performance reasons.

EMP DEPT

| ENANE ‘ SSN BDATE | ADDRESS | DNUMBER ONAME ‘ DMGRSSN |

Srntr cJohn B. 123456 783 1865-01-09 /31 Fondren Houston | T X by Reseaarch HE3E3ddhhhEs

Worng Franklin 7T 333445555 1955-12-08 638 Vess Houston TX 5 Fesearch 333445555

Zelaya, Alicia J VUIBBTTTT? 1968-07-19 3321 Castie,Spring. ™ X 4 Administration DBRTE51321

Wallace Jernifer 5. 957854321 1941-06-20 291 Benry,Bellaire, TX Lt Admminstration VB TESAR21

Marayan.Ramesh . GGOBB 4444 18962-09-15 975 MireDak Humble TX 6] Hesearch 333445505

English.Joyce A ABRABRARS 1G72-07-31 5631 Rice Houston, TX 5 Research 3334455585

Jabbar.Ahmac V. oBTOB7OLT7 1663-03-29 980 Dallas. Houston TX < Administration 287554321

Borg,Jamas =_ 8BAGEE555 1937-11-10 450 Stone Houston, TX ] Headquarners statalalalatatatal
EMP PROJ

| SSN I PNUMBER HOURS ENAME PNAME PLOCATION

123456780 1 35 Srnith John B ProductX Baoliaire:

123456789 2 75 Srnith John B Procduct™ Sugadand

866834444 3 A40.0 MNarayan, Bameas ¥ Prociucts Housion

4534554543 1 20.0 English,Joyce A. FroductX Beliaire

453453453 =2 20.0 Tinglish.Joyce A. FProduct™ Sugarand

333445555 =z 10.0 Wong. Frarikhin T. FProciuct™ Sugadand

333445505 3 10.0 Wong.Franklin T. Froducts Houstwon

AB3445655 10 100 Wono, Franikdin T Comp terization Stafford

333445555 20 100 Worg. Franklin T, Roorganizalion Houston

j=lei=tavs ey 30 30.0 Zalaya Alicia J. Newbenefits Staford

9LLBATTTY 10 100 Zalava Alicia J Computerization Sratford

ABTSETA8Y i0 35.0 JabbarAhmad V. Computerization Staford

987987087 20 5.0 JabbarAhmad V. Newbenefits Stafford

987654321 30 20.0 Wallace Jennifer 5. Newbenefits Stafforad

BT7E5L021 20 150 Wallace Jennifar S Reorganization Haouston

888655555 20 reudl Borg.James E. Reorganization Houston
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** Guideline to Redundant Information in Tuples.

“ GUIDELINE 1: Design a schema that does not suffer from the insertion,
deletion and update anomalies. If there are any present, then note them so that
applications can be made to take them into account.

“* GUIDELINE 2: Relations should be designed such that their tuples will have
as few NULL values as possible.

S

» Attributes that are NULL frequently could be placed in separate relations
(with the primary key).
** Reasons for nulls:

o
%
NG

*  Attribute value unknown (may exist),
“*  Value known to exist, but unavailable.

>

Attribute not applicable or invalid,

\/
0’0
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Functional dependencies (FDs) are used to specify formal measures of the
"goodness" of relational designs.

FDs are constraints that are derived from the meaning and interrelationships
of the data attributes.

A set of attributes X functionally determines a set of attributes Y if the value
of X determines a unique value for Y.

X ->Y holds if whenever two tuples have the same value for X, they must
have the same value for Y

For any two tuples t1 and t2 in any relation instance r(R): If t1[X]=t2[X],
then t1[Y]=t2[Y]

X ->Y in R specifies a constraint on all relation instances r(R)

Written as X -> Y; can be displayed graphically on a relation schema which
is denoted by the arrow:

FDs are derived from the real-world constraints on the attributes.
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** Social security number determines employee name SSN ->
ENAME.

“* Project number determines project name and location
PNUMBER -> {PNAME, PLOCATION}.

* Employee ssn and project number determines the hours per week
that the employee works on the project {SSN, PNUMBER} ->
HOURS.

“ If K is a key of R, then K functionally determines all attributes
in R (since we never have two distinct tuples with t1[K]=t2[K]).
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** Normalization of Relations

“* Normalization: The process of decomposing unsatisfactory "bad"
relations by breaking up their attributes into smaller relations.

“* Normal form: Condition using keys and FDs of a relation to certify
whether a relation schema is in a particular normal form.

/

** 1NF,2NF, 3NF, BCNF based on keys and FDs of a relation schema.

“* Denormalization: the process of storing the join of higher normal
form relations as a base relation—which is in a lower normal form.
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** A super-key of a relation schema R = {Al, A2, ...., An} is a set
of attributes S subset-of R with the property that no two tuples t1
and t2 in any legal relation state r of R will have t1[S] = t2[S]

* A key K is a super-key with the additional property that removal

of any attribute from K will cause K not to be a superkey any
more.

o

¢ If a relation schema has more than one key, each is called a
candidate key. One of the candidate keys is arbitrarily designated
to be the primary key, and the others are called secondary keys.

“* A Prime attribute must be a member of some candidate key
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values for an individual tuple are non-atomic.

Figure 14.8 Normalization into 1NF. (a) Relation schema that is not in
1NF. (b) Example relation instance. (c) 1NF relation with redundancy.

(@) DEPARTMENT
| DNAME | DNUMBER | DMGRSSN DLOCATIONS
(b) DEPARTMENT
| DNAME | DNUMBER | DMGRSSN DLOCATIONS
Research 5 333445555 {Bellaire, Sugarland, Houston}
Administration 4 987654321 {Stafford}
Headquarters 1 888665555 {Houston}
<) DEPARTMENT
DNAME DNUMBER DMGRSSN DLOCATION
Research 5 333445555 Bellaire
Research 5 333445555 Sugariand
Research 5 333445555 Houston
Administration 4 987654321 Stafford
Headquarters 1 888665555 Houston

@ Addison Wesley Longman, Inc. 2000, Elmasri/Navathe, Fundamentals of Database Systems, Third Edition
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Figure 14.9 Normalizing nested relations into 1NF. (a) Schema of the EMP_PROJ
relation with a ““nested relation” PROJS. (b) Example extension of the EMP_PROTJ relation
showing nested relations within each tuple. (¢) Decomposing EMP_PROJ into 1NF
relations EMP_PROJ1 and EMP_PROJZ2 by propagating the primary key.

~ FirstNormalForm — —

(=) EnIFP P RO
PR =
SR aN | AT E
FNRNlUOnVIEERR HO OIS
(k> EnIFP P FECOJ
ssrd =~ AMNVE FNUMNVMB ERR ‘ HOULIIRS
1231567789 St o BB 1 = =
= s =
e e e T e e e e SNaravann,  FPHamesih = =
“F SB[ 53[5 Ernglish. Jdoywoaoae A 1 =0 .40
= =0 .0
3445555 WhWornc ., Frami<iim T = TO.O
= OO
BES OO
=20 TO. O
O99383F 5 »© 7 =laya Adicia . =0 B[O .O
10O TO.O
=S yrg=tS g =S W dabbhar. Ak rmiaada W 1O 8[B5 O
=0 S0
o8 ro5Sa43=321 WiPyallace . Jermnnifer S.o =0 =200
=20 5O
S8s8oos5S55S5S S Borg.-JdJames E=. =0 g
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%* Introduces redundancy
** Much of the data needs to be repeated.

o :

+ Insert anomalies
“* A Project cannot be inserted if it doesn't have at least one empoyee

* Delete anomalies
* Deleting the last employee of a project also deletes the project.
** Update anomalies

“* Many records may have to be changed to change the value of one
attribute.
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** Prime attribute - attribute that is member of the primary key K.

“* Full functional dependency - a FD Y -> Z where removal of any
attribute from Y means the FD does not hold any more.

<« Examples: - {SSN, PNUMBER} -> HOURS is a full FD
since neither SSN -> HOURS nor PNUMBER -> HOURS hold.

“ - {SSN, PNUMBER} -> ENAME is not a full FD (it is called a
partial dependency ) since SSN -> ENAME also holds

¢ A relation schema R is in second normal form (2NF) if every

non-prime attribute A in R is fully functionally dependent on the
primary key.
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Figure 14.10 The normalization process. (a) Normalizing EMP_PROJ into
2NF relations. (b) Normalizing EMP_DEPT into 3NF relations.

{=} EMP_PRO

| 58N | PNUMBER | Hougsl ENAME | PINARME | PLOCATION |
T

o | | ¥

Foe | +

FEs | 'f 'T

\L/L Z2MNF NORMALIZATION

EP EP2 Ers
| ssN | PNUMBER |HOURS| | BSMN | ENAME | | PNUMBER | PMNAME | PLOCATION
I
) EMP_DEPT
| BN A ME | SsN | BOATE | ADDRESS| DNUMBER | DNAME | DMOGRSSN |

1 | 7 1 §
| | |

\L/L SMNF NORPMALIZATION

E1

EDz2

| EMAMNME | S5MN | B ATE | ADMOARESS

DNUNMBER | | ONUBRBER R ARAE | DMGRS SN |

| 1 1

|
4 | i )
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% Second Normal Form only considers partial key dependencies.
“* And ignores any non-kev dependencies.
y y aep

** Therefore 2NF may still result in the same problems observed
with 1NF, that is:

** Redundancy,
** Insert, delete and update anomalies.
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** Transitive functional dependency - a FD X -> Z that can be
derived from two FDs X ->Y and Y -> Z.
* Examples:
* SSN -> DMGRSSN is a transitive FD since SSN -> DNUMBER
and DNUMBER -> DMGRSSN hold.

“* SSN -> ENAME is non-transitive since there is no set of
attributes X where SSN -> X and X -> ENAME.

** A relation schema R is in third normal form (3NF) if it is in 2NF
and no non-prime attribute A in R is transitively dependent on
the primary key.
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