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Outline
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The Entity-Relationship Model

Complex Attributes

Mapping Cardinalities

Primary Key

Removing Redundant Attributes in Entity Sets

Reducing ER Diagrams to Relational Schemas

Extended E-R Features

Entity-Relationship Design Issues

Alternative Notations for Modeling Data

Other Aspects of Database Design
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يك مسئله

مي خواهيم سيستم آموزش دانشگاه را پياده سازي كنيم.
شما چه مي كنيد؟
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مراحل پياده سازي پايگاه داده

 تحليل نيازها)Requirements Analysis(
طراحي
مشخص نمودن نيازهاي هر يك از كاربران پايگاه داده مورد نظر: فاز اوليه
انتخاب مدل داده: فاز دوم

 طراحي مفهومي پايگاه داده)Conceptual Database Design(
رفتن از مدل داده انتزاعي : فاز نهايي)Abstract (به سمت پياده سازي

 طراحي منطقي پايگاه داده)Logical Database Design(
 پالايش شماي داده)Schema Refinement(
 طراحي فيزيكي پايگاه داده)Physical Database Design(
 طراحي برنامه و امنيت)Application and Security Design(
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)Requirements Analysis(تحليل نيازها 

چه داده هايي بايد ذخيره گردد؟
چه گزارش هايي نياز است؟
كند؟  چه برنامه اي با اين داده ها كار مي
چه قواعدي بر كسب وكار مورد نظر حاكم است؟

شناخت وضع موجود
شناخت نيازهاي كاربر

مصاحبه

شناخت وضع مطلوب
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مثال

”رس نياز به يك پايگاه داده داريم كه اطلاعات دانشجو، استاد و د
.  هر دانشجو مي تواند چند درس را اخذ كند. در آن ذخيره شود

“.هر استاد مي تواند چند درس در طول يك ترم ارائه نمايد
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طراحي مفهومي پايگاه داده 
)Conceptual Database Design(

يك توصيف ساده از داده
 زبان مشترك بين پياده ساز و مشتري)---(

 استفاده از مدل موجوديت و رابطه بين موجوديت ها
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مدل داده اي

مجموعه اي از ابزار براي بيان
داده ها
روابط ميان داده ها
مفهوم داده ها
محدوديت حاكم بر داده ها

 مدلي كه در حال حاضز مرسوم است مدل موجوديت ها و رابطه هاي  بين
.است) ER(آنها 

 مدلهاي ديگري نيز وجود دارد، از قبيل
مدل شئ گرا
سلسله مراتبي
 و...
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چرا ما از مدل استفاده مي كنيم؟
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Entity-Relationshipمدل 

E-R در روش . يك مدل از دنياي واقعي استER سه مفهوم معنايي وجود ،
دارد و معناي داده هاي هر محيط به كمك همين سه مفهوم نمايش داده مي 

:شوند

 موجوديت)entity(
Customer, Account, Student

 رابطه)relationship(
Deposit, takes, teaches

 صفت)attributes(
Name, age, salary

ي به ساختار كلي يك مدل رابطه اي را مي توان به صورت يك نمودار گرافيك
يا به طور ) Entity-Relationship diagram(رابطه -نام نمودارموجوديت

.نمايش داد ERDخلاصه 
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)Entity(نوع موجوديت 

 و ” پديده“، ”چيز“، ”شيئ“نوع موجوديت عبارت است از كلي
داشته ” اطلاع“بطور كلي هر آنچه كه مي خواهيم در موردش 

باشيم و شناخت خود را در موردش افزايش دهيم، اعم از اينكه 
.وجود فيزيكي يا ذهني داشته باشد

دانشجو، جاده، يك پرواز خاص و: مانند.....
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)Entity(نوع موجوديت 

 هر  و بطور كلي” پديده“، ”چيز“، ”شيئ“نوع موجوديت عبارت است از كلي
داشته باشيم و شناخت خود را در ” اطلاع“آنچه كه مي خواهيم در موردش 

.موردش افزايش دهيم، اعم از اينكه وجود فيزيكي يا ذهني داشته باشد
دانشجو، جاده، يك پرواز خاص و: مانند.....

مثال يك موجوديت با صفات آن

instructor = (ID, name, salary )
course= (course_id, title, credits)
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Entity Sets -- instructor and student
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Representing Entity sets in ER Diagram

 Entity sets can be represented graphically as follows:

• Rectangles represent entity sets.

• Attributes listed inside entity rectangle

• Underline indicates primary key attributes
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)Attribute(صفت يا خصيصه 

 صفت در واقع خصيصه يا ويژگي يك نوع موجوديت است و هر نوع
هر صفت از نظر كاربران يك نام، يك . موجوديت مجموعه اي از صفات دارد

.و يك معناي مشخص دارد) Type(نوع
يك شخص داراي يك كد ملي، نام، نام خانوادگي، قد، سن و : مانند  ...

.است كه اين موارد از صفات يك شخص است

صفات را از پنج ديدگاه مي توان تقصيم بندي كرد.
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١تقسيم بندي صفات از ديدگاه 

 ساده)Simple(
د، به صفت ساده صفتي است كه مقدار آن از لحاظ معنايي ساده يا تجزيه نشدني باش

زيه به اجزايي تج) دريك حيطه معنايي و كاربرد مشخص(اين معنا كه اگر مقدار آن را 
.كنيم، مقادير جزيي حاصله فاقد معنا باشند

مثلا صفت نام كوچك شخص يك صفت ساده است.

 مركب)composite(
كه  صفت مركب صفتي است كه از چند صفت ساده تشكيل شده باشد به گونه اي

ر و طبعا داراي معنا د(تجزيه نشدني باشد و اجزاي حاصل از تجزيه، خود صفات ساده 
.باشند) يك كاربرد مشخص

مثلا صفت تاريخ خود شامل روز، ماه و سال است.



1.17 – ١٣٩٨Database System Concepts -ترجمه و تغيير توسط مهدي عمادي  7th Edition

Composite Attributes

 Composite attributes allow us to divided attributes  into 
subparts (other attributes).

name address

first_name middle_initial last_name street city state postal_code

street_number street_name apartment_number

composite
attributes

component
attributes
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٢تقسيم بندي صفات از ديدگاه 

 تك مقداري)Single-valued(
ار از صفت تك مقداري صفتي است كه براي يك نمونه از يك موجوديت، حداكثر يك مقدار مقد

ك به بيان ساده تر، به ازاي يك نام صفت، حداكثر يك مقدار براي ي. دامنه مقادير را مي گيرد
.نمونه از موجوديت، داشته باشيم

يك نمونه از شخص فقط يك شماره ملي مي تواند داشته باشد: مثلا شماره ملي.

 چند مقداري)multivalued(
 صفت چند مقداري صفتي است كه براي بعض يا همه نمونه هاي نوع موجوديت بيش از يك

ك به بيان ساده تر، به ازاء يك نام صفت، چند مقدار، براي ي. مقدار، از دامنه مقادير را مي گيرد
.نمونه از موجوديت داشته باشيم

ل براي مثال اگر شغل فرد را يك صفت براي او در نظر بگيريم آن شخص مي تواند چند شغ
.داشته باشد
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٣تقسيم بندي صفات از ديدگاه 

 شناسه)identifier  ياPrimary Key(يا ناشناسه موجوديت
صفت شناسه موجوديت صفتي است كه دو ويژگي داشته باشد:
يكتايي مقدار داشته باشد:

ز دو بنابراين عامل تميي. يعني در هيچ دو نمونه از يك موجوديت، مقدارش يكسان نباشد
.نمونه از يك موجوديت است

است  از اين ويژگي ها نتيجه مي شود كه صفت شناسه، از نظر كاربر، شناساي نوع موجوديت
و متمايز كننده نمونه هاي آن نوع موجوديت از يكديگر، و هميشه مقاديرش مشخص و 

.موجود است
مثلا كد ملي

حتي الامكان طول مقاديرش كوتاه باشد.
مثلا سن افراد
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٤تقسيم بندي صفات از ديدگاه 

 هيچمقدار پذير)Nullable ( يا هيچمقدار ناپذير)Not-Nullable(
مقدار ناشناخته، مقدار غير قابل اعمال، مقدار تعريف نشده: هيچمقدار يعني.
جود هميشه ممكن است مقدار يك صفت براي برخي از نمونه هاي يك موجوديت، ناشناخته، نامو

.باشد... و 
ها را به زبان ديگري وقتي شما فرم درخواست كاغذي را پر مي كنيد ممكن از تعدادي از قسمت

.خالي بگذاريد
روز البته بسياري از طراحان سيستمها معتقدند، بايد طراحي را طوري اصلاح كرد كه امكان ب

.صفت هيچمقدار وجود نداشته باشد
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٥تقسيم بندي صفات از ديدگاه 

 واقعي(ذخيره شده(
 جود مو(صفت ذخيره شده صفتي است كه مقاديرش در پايگاه داده ذخيره شده باشند

.و البته هيچمقدار هم داشته باشد، اگر شناسه نباشد) باشند

 مشتق)Derived(
ل يك صفت مشتق صفتي است كه مقاديرش در پايگاه داده ذخيره نباشند بلكه حاص

پردازش روي فقره هايي از داده هاي ذخيره شده باشند، مثلا از يك محاسبه بدست 
.آيد
و با فرض اينكه معدل كل يك دانشج. ما در پايگاه داده نمرات دروس يك دانشجو را داريم

او و  يكي از صفات او به حساب آيد مي توان هر بار كه نياز به آن داشتيم از جمع كل نمرات
ينا تقسيم آن بر تعداد آنها معدل او را بدست آورد و لزومي ندارد كه حتما در پايگاه داده ع

)؟؟!!آيا هميشه لزومي ندارد. (ذخيره شود
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Representing Complex Attributes  in ER Diagram
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ارتباط

بين . اارتباط يا بستگي مفهومي است بسيار مهم در مدلسازي معنايي داده ه
.برقرار است) ارتباطي(انواع موجوديتها، معمولا ارتباط 

تعريف نوع ارتباط
 و يا (بين دو يا بيش از دو نوع موجوديت ) تعامل(نوع ارتباط عبارت است از اندركنش

.تو ماهيتا نوعي بستگي بين انواع موجوديتهاس) بين يك نوع موجوديت و خودش
فت و نيز مي توان گ. هر نوع ارتباط يك معناي مشخص دارد و با يك نام بيان مي شود

.كه نوع ارتباط، عملي است كه بين انواع موجوديتها جاري بوده، هست و خواهد بود
باط براي مثال هر وقت كه مي گوييم شخصي يك شغل دارد يعني با يك شغل در ارت

.است

دانشجوگذراندندرس
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نوع ارتباط

خصوصيات كلي
معمولا كلمه يا عبارتي فعلي و نه اسمي: هر ارتباط يك نام دارد
 باط اين معنا با معناي هر نوع ارت. هر نوع ارتباط يك معناي مشخص دارد

واقع شدن و در اختيار داشتن. ديگر متفاوت است
يعني چند مثال در دنياي واقعي. هر نوع ارتباط نمونه هايي دارد
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Relationship Sets

A relationship is an association among several entities

Example:
)Peltier(44553 advisorEinstein)(22222 

student entityrelationship setinstructor entity

A relationship set is a mathematical relation among n  2 entities, 
each taken from entity sets

}nEne, …, 2E2e, 1E1e) | ne… , 2e, 1e{(

is a relationship) ne, …, 2e, 1ewhere (

Example: 

(44553,22222)  advisor
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Relationship Sets (Cont.)

 Example: we define the relationship set  advisor to denote 
the associations between students and the instructors who 
act as their advisors.

 Pictorially, we draw a line between related entities.
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Representing Relationship  Sets via ER Diagrams 

 Diamonds represent relationship sets.
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Relationship Sets (Cont.)

ارتباط مي تواند صفت يا صفاتي داشته باشد، اما معمولا فاقد صفت شناسه است.
مثلا مي خواهيم بگوييم يك مدير در يك سازمان مديريت مي كند، در اين مثال زمان 

.شروع مديريت مي تواند صفت اين ارتباط باشد

 For instance, the advisor relationship set between entity sets 
instructor and student may have the attribute date which tracks 
when the student started being associated with the advisor

instructor

student

76766 Crick

Katz
Srinivasan

Kim
Singh

Einstein

45565
10101

98345
76543
22222

98988

12345

00128
76543

44553

Tanaka

Shankar

Zhang
Brown

Aoi
Chavez
Peltier

3 May 2008

10 June 2007

12 June 2006

6 June 2009

30 June 2007

31 May 2007

4 May 2006

76653
23121
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Relationship Sets with Attributes
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در رابطه) Role(نقش رابطه هماني و 

 Entity sets of a relationship need not be distinct

 Each occurrence of an entity set plays a “role” in the 
relationship

 The labels “course_id” and “prereq_id” are called roles.
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)Degree of a Relationship(درجه نوع ارتباط

م و تعداد شركت كنندگان در يك نوع ارتباط را درجه آن ارتباط گويي
و سه گاني) Binary(دوگاني: اين اصطلاحات را داريم

)a ( يك رابطه سه گاني)Ternary (را نشان مي دهد.
)b  ( و)c (سه رابطه دوگاني را نشان مي دهند.
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Non-binary Relationship Sets

 Most relationship sets are binary

 There are  occasions when it is more convenient to   
represent relationships as non-binary.

 E-R Diagram with a Ternary Relationship
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نگاشت محدوديت چندي رابطه 
)Mapping Cardinality Constraints(

چندي و ماهيت نوع ارتباط
 دو  مثلا بين) كه به آن كارديناليتي ارتباط هم مي گويند(چندي يك نوع ارتباط

  .موجوديت عبارتست از چگونگي تناظر بين دو مجموعه نمونه هاي آن دو موجوديت
:  مي دانيم كه سه گونه تناظر داريم

  1 : 1تناظر يك به يك

.يك سازمان يك مدير كل دارد و هر مدير كل فقط مدير كل يك سازمان است–

  1تناظر يك به چند : N

.يك مادر چند فرزند دارد و هر فرزند يك مادر دارد–

  تناظر چند به چندN : M

.هر دانشجو چند درس مي گذراند و هر درس توسط چند دانشجو گذرانده مي شود–
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چندي نوع ارتباط

)a (  1 : 1تناظر يك به يك

)b ( و)c (  1تناظر يك به چند : N

)d (  تناظر چند به چندN : M
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Mapping Cardinalities

One to one One to many

Note: Some elements in A and B may not be mapped to any 
elements in the other set
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Mapping Cardinalities 

Many to 
one

Many to many

Note: Some elements in A and B may not be mapped to any 
elements in the other set
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Representing Cardinality Constraints in ER Diagram

 We express cardinality constraints by drawing either a directed 
line (), signifying “one,” or an undirected line (—), signifying 
“many,” between the relationship set and the entity set.

 One-to-one relationship between an instructor and a student :

 A student is associated with at most one instructor via the 
relationship advisor

 A student is associated with at most one department via 
stud_dept
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One-to-Many Relationship

 one-to-many relationship between an instructor and a student

 an instructor is associated with several (including 0) students    
via advisor 

 a student is associated with at most one instructor via advisor, 
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Many-to-One Relationships

 In a many-to-one relationship between an instructor and a 
student, 

 an instructor is associated with at most one student via 
advisor, 

 and a student is associated with several (including 0) 
instructors via advisor
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Many-to-Many Relationship

 An instructor is associated with several (possibly 0) students 
via advisor

 A student is associated with several (possibly 0) instructors via 
advisor



1.41 – ١٣٩٨Database System Concepts -ترجمه و تغيير توسط مهدي عمادي  7th Edition

وضع مشاركت در ارتباط

وضع مشاركت در ارتباط
 يا  كامل(مشاركت يك نوع موجوديت در يك نوع ارتباط ممكن است الزامي Total ( يا

.باشد) Partialنا كامل يا (غيرالزامي 
 براي مثال هر سازماني حتما يك مدير دارد و ما سازمان بدون مدير نداريم پس اين

.رابطه يك رابه الزامي است
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Total  and Partial Participation

 Total participation (indicated by double line):  every entity in 
the entity set participates in at least one relationship in the 
relationship set

participation of student  in advisor relation is total

 every student must have an associated instructor

 Partial participation:  some entities may not participate in 
any relationship in the relationship set

• Example: participation of instructor in advisor is partial
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Notation for Expressing More Complex Constraints

 A line may have an associated minimum and maximum 
cardinality, shown in the form l..h, where l is the minimum 
and h the maximum cardinality

• A minimum value of 1 indicates total participation.

• A maximum value of 1 indicates that the entity 
participates  in at most one relationship

• A maximum value of * indicates no limit.

Instructor can advise 0 or more students.  A student must 
have 1 advisor; cannot have multiple advisors
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Cardinality Constraints on Ternary Relationship

 We allow at most one arrow out of a ternary (or greater degree) 
relationship to indicate a cardinality constraint

 For example, an arrow from proj_guide to instructor indicates each 
student has at most one guide for a project

 If there is more than one arrow, there are two ways of defining the 
meaning.  

 For example, a ternary relationship R between A, B and C with 
arrows to B and C could mean

1. Each A entity is associated with a unique entity 
from B and C or 

2.  Each pair of entities from (A, B) is associated with a 
unique  C entity, and each pair (A, C) is associated 
with a unique B

 Each alternative has been used in different formalisms

 To avoid confusion we outlaw more than one arrow
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Primary Key

 Primary keys provide a way to specify how entities and  
relations are distinguished.  We will consider:

 Entity sets

 Relationship sets.

 Weak entity sets
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Primary key for Entity Sets

 By definition, individual entities are distinct.

 From database perspective, the differences among them 
must be expressed in terms of their attributes.

 The values of the attribute values of an entity must be such 
that they can uniquely identify the entity.

 No two entities in an entity set are allowed to have exactly 
the same value for all attributes.

 A key for an entity is a set of attributes that suffice to 
distinguish entities from each other
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Primary Key for Relationship Sets

 To distinguish among the various relationships of a 
relationship set we use the individual  primary keys of the 
entities in the relationship set.

 Let R be a relationship set involving entity sets E1, E2, .. En

 The primary key for R is consists of the  union of the 
primary keys of entity sets E1, E2, ..En

 If the relationship set R has attributes  a1, a2, .., am 
associated with it, then the  primary key of R  also includes 
the attributes  a1, a2, .., am 

 Example: relationship set “advisor”.

 The primary key  consists of inrsructor.ID and student.ID

 The choice of the primary key for a relationship set depends on  
the mapping cardinality of the relationship set.
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Choice of Primary key for Binary Relationship

 Many-to-Many relationships.   The preceding union of the 
primary keys is a minimal superkey and is chosen  as the 
primary key.

 One-to-Many relationships . The primary key of the 
“Many” side is a minimal superkey and is used as the 
primary key.

 Many-to-one relationships. The primary key of the “Many” 
side is a minimal superkey and is used as the primary key.

 One-to-one relationships. The primary key of either one of 
the participating entity sets forms a minimal superkey, and 
either one can be chosen as the primary key.
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Choice of Primary key for Nonbinary Relationship

 If no cardinality constraints are present, the superkey  is 
formed as described earlier. and it is chosen as the primary 
key.

 If there are cardinality constraints are present:

 Recall that  we permit at most one arrow out of a 
relationship set.

 AVI
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موجوديت ضعيف
)Weak Entity(

 موجوديتي است كه در محدوده مدل سازي ما به يك موجوديت ديگر
شناخته ) identifying owner(وابسته بوده و توسط آن موجوديت 

.مي شود
نوع مشاركت موجوديت ضعيف در رابطه الزامي مي باشد
در برخي حالات خاص (يك به چند مي باشد  چندي رابطه همواره

)مي تواند يك به كي باشد

Partial Key
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Weak Entity Sets

 Consider a section entity, which is uniquely identified by a 
course_id, semester, year, and sec_id.

 Clearly, section entities are related to course entities. Suppose we 
create a relationship set sec_course between entity sets section
and course.

 Note that the information in sec_course is redundant, since 
section already has an attribute course_id, which identifies the 
course with which the section is related. 

 One option to deal with this redundancy is to get rid of the 
relationship sec_course;  however, by doing so the relationship 
between section and course becomes implicit in an attribute, 
which is not desirable.
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Weak Entity Sets (Cont.)

 An alternative way to deal with this redundancy is to not store 
the attribute course_id in the section entity and to only store the 
remaining attributes section_id,  year, and semester. 

 However, the entity set section then does not have enough 
attributes to identify a particular section entity uniquely

 To deal with this problem, we treat the relationship sec_course as 
a special relationship that provides extra information, in this 
case, the course_id, required to identify section entities uniquely.

 A weak entity set is one whose existence is dependent on another 
entity, called its identifying entity

 Instead of associating a primary key with a weak entity, we use 
the identifying entity, along with extra attributes called 
discriminator to uniquely identify a weak entity. 
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Weak Entity Sets (Cont.)

 An entity set that is not a weak entity set is termed a strong entity 
set.

 Every weak entity must be associated with an identifying entity; 
that is, the weak entity set is said to be existence dependent on the 
identifying entity set. 

 The identifying entity set is said to own the weak entity set that it 
identifies. 

 The relationship associating the weak entity set with the identifying 
entity set is called the identifying relationship.

 Note that the relational schema we eventually create from the entity 
set section does have the attribute course_id, for reasons that will 
become clear later, even though we have dropped the attribute 
course_id from the entity set section.
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Expressing Weak Entity Sets

 In E-R diagrams, a weak entity set is depicted via a double 
rectangle.

 We underline the discriminator of a weak entity set  with a 
dashed line.

 The relationship set connecting the  weak entity set to the 
identifying strong entity set is depicted by a double diamond. 

 Primary key for section – (course_id, sec_id, semester, year)
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Redundant Attributes
 Suppose we have entity sets:

 instructor, with attributes: ID, name, dept_name, salary

 department, with attributes: dept_name, building, budget

 We model the fact that each instructor has an associated 
department using a relationship set inst_dept

 The attribute dept_name in instructor replicates information 
present in the relationship and is therefore  redundant

 and needs to be removed.

 BUT: when converting back to tables, in some cases the 
attribute gets reintroduced, as we will see later.
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E-R Diagram for a University Enterprise
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Reduction to Relation Schemas
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Reduction to Relation Schemas

 Entity sets and relationship sets can be expressed uniformly as 
relation schemas that represent the contents of the database.

 A database which conforms to an E-R diagram can be 
represented by a collection of schemas.

 For each entity set and relationship set there is a unique schema 
that is assigned the name of the corresponding entity set or 
relationship set.

 Each schema has a number of columns (generally corresponding 
to attributes), which have unique names.
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Representing Entity Sets

 A strong entity set reduces to a schema with the same 
attributes

student(ID, name, tot_cred)

 A weak entity set becomes a table that includes a column for 
the primary key of the identifying strong entity set 

section ( course_id, sec_id, sem, year )
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Representation of Entity Sets with Composite Attributes

 Composite attributes are flattened out by creating a 
separate attribute for each component attribute

• Example: given entity set instructor with composite 
attribute name with component attributes 
first_name and last_name the schema corresponding 
to the entity set has two attributes name_first_name
and name_last_name

 Prefix omitted if there is no ambiguity 
(name_first_name could be first_name)

 Ignoring multivalued attributes, extended instructor 
schema is

• instructor(ID, 
first_name, middle_initial,  last_name,
street_number, street_name,  

apt_number, city, state, zip_code,  
date_of_birth)
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Representation of Entity Sets with Multivalued Attributes

 A multivalued attribute M of an entity E is represented by a 
separate schema EM

 Schema EM has attributes corresponding to the primary key 
of E and an attribute corresponding to multivalued attribute 
M

 Example:  Multivalued attribute phone_number of instructor is 
represented by a schema:

inst_phone= ( ID, phone_number)

 Each value of the multivalued attribute maps to a separate 
tuple of the relation on schema EM

• For example, an instructor entity with primary key  22222 
and phone numbers 456-7890 and 123-4567 maps to two 
tuples:   

(22222, 456-7890) and (22222, 123-4567) 
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Representing Relationship Sets

 A many-to-many relationship set is represented as a schema 
with attributes for the primary keys of the two participating 
entity sets, and any descriptive attributes of the relationship 
set. 

 Example: schema for relationship set advisor

advisor = (s_id, i_id)
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Redundancy of Schemas

 Many-to-one and one-to-many relationship sets that are total on 
the many-side can be represented by adding an extra attribute 
to the “many” side, containing the primary key of the “one” side

 Example: Instead of creating a schema for relationship set 
inst_dept, add an attribute dept_name to the schema arising 
from entity set instructor
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Schema Diagram for University Database
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Redundancy of Schemas (Cont.)

 For one-to-one relationship sets, either side can be chosen 
to act as the “many” side

• That is, an extra attribute can be added to either of 
the tables corresponding to the two entity sets 

 If participation is partial on the “many” side, replacing a 
schema by an extra attribute in the schema corresponding 
to the “many” side could result in null values
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Redundancy of Schemas (Cont.)

 The schema corresponding to a relationship set linking a weak 
entity set to its identifying strong entity set is redundant.

 Example: The section schema already contains the attributes 
that would appear in the sec_course schema
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Extended E-R Features
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Specialization

 Top-down design process; we designate sub-groupings 
within an entity set that are distinctive from other entities in 
the set.

 These sub-groupings become lower-level entity sets that 
have attributes or participate in relationships that do not 
apply to the higher-level entity set.

 Depicted by a triangle component labeled ISA (e.g., 
instructor “is a” person).

 Attribute inheritance – a lower-level entity set inherits all 
the attributes and relationship participation of the higher-
level entity set to which it is linked.
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Specialization Example

 Overlapping – employee and student

 Disjoint – instructor and secretary

 Total and partial
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Representing Specialization via Schemas

 Method 1: 

• Form a schema for the higher-level entity 

• Form a schema for each lower-level entity set, include 
primary key of higher-level entity set and local attributes

• Drawback:  getting information about, an employee requires 
accessing two relations, the one corresponding to the low-
level schema and the one corresponding to the high-level 
schema
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Representing Specialization as Schemas (Cont.)

 Method 2:  

• Form a schema for each entity set with all local and 
inherited attributes

• Drawback:  name, street and city may be stored 
redundantly for people who are both students and 
employees
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Generalization

 A bottom-up design process – combine a number of entity 
sets that share the same features into a higher-level entity set.

 Specialization and generalization are simple inversions of 
each other; they are represented in an E-R diagram in the 
same way.

 The terms specialization and generalization are used 
interchangeably.
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Completeness constraint

 Completeness constraint -- specifies whether or not an 
entity in the higher-level entity set must belong to at least 
one of the lower-level entity sets within a generalization.

 total: an entity must belong to one of the lower-level 
entity sets

 partial: an entity need not belong to one of the lower-
level entity sets
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Completeness constraint (Cont.)

 Partial generalization is the default.  We can specify total 
generalization in an ER diagram by adding the keyword total 
in the diagram and drawing a dashed line from the keyword to 
the corresponding hollow arrow-head to which it applies (for a 
total generalization), or to the set of hollow arrow-heads to 
which it applies (for an overlapping generalization).

 The student generalization is total: All student entities must be 
either graduate or undergraduate. Because the higher-level 
entity set arrived at through generalization is generally 
composed of only those entities in the lower-level entity sets, the 
completeness constraint for a generalized higher-level entity set 
is usually total
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Aggregation

 Consider the ternary relationship proj_guide, which we saw 
earlier

 Suppose we want to record evaluations of a student by a 
guide on a project
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Aggregation (Cont.)

 Relationship sets eval_for and proj_guide represent 
overlapping information

 Every eval_for relationship corresponds to a proj_guide
relationship

 However, some proj_guide relationships may not 
correspond to any eval_for relationships 

So we can’t discard the proj_guide relationship

 Eliminate this redundancy via aggregation

 Treat relationship as an abstract entity

 Allows relationships between relationships 

 Abstraction of relationship into new entity
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Aggregation (Cont.)

 Eliminate this redundancy via aggregation without introducing 
redundancy, the following diagram represents:

• A student is guided by a particular instructor on a particular 
project 

• A student, instructor, project combination may have an 
associated evaluation
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Reduction to Relational Schemas

 To represent aggregation, create a schema 
containing

• Primary key of the aggregated relationship,

• The primary key of the associated entity set

• Any descriptive attributes

 In our example:

• The schema eval_for is:

eval_for (s_ID, project_id, i_ID, 
evaluation_id)

• The schema proj_guide is redundant.
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Design Issues
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مشخص كردن موجوديت ها

” تاداس، دانشجونياز به يك پايگاه داده داريم كه اطلاعات 
هر دانشجو مي تواند چند در . در آن ذخيره شود درسو 

هر استاد مي تواند چند درس در طول يك . را اخذ كند
“.ارائه نمايد ترم
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موجوديت در مقابل صفت
موجوديت ضعيف( صفات چند مقداري(

موجوديت در مقابل رابطه
رابطه هاي صفت دار

 ؟؟(رابطه دوگاني در مقابل رابطه سه گاني(
ردهميشه نمي توان به جاي يك رابطه سه گاني از دو يا سه رابطه دوگاني استفاده ك.

تجميع در مقابل رابطه سه گاني
موجوديت به جاي رابطه سه گاني
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Common Mistakes in E-R Diagrams

 Example of erroneous E-R diagrams 
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Common Mistakes in E-R Diagrams (Cont.)

 Correct versions of the E-R diagram of previous slide
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Entities vs. Attributes

 Use of entity sets vs. attributes

 Use of phone as an entity allows extra information about phone 
numbers (plus multiple phone numbers)
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Entities vs. Relationship sets

 Use of entity sets vs. relationship sets

Possible guideline is to designate a relationship set to 
describe an action that occurs between entities

 Placement of relationship attributes
For example, attribute date as attribute of advisor 
or as attribute of student
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Binary Vs. Non-Binary Relationships

 Although it is possible to replace any non-binary (n-ary, for n
> 2) relationship set by a number of distinct binary 
relationship sets, a n-ary relationship set shows more clearly 
that several entities participate in a single relationship.

 Some relationships that appear to be non-binary may be 
better represented using binary relationships

 For example,  a ternary relationship parents, relating a 
child to his/her father and mother, is best replaced by two 
binary relationships,  father and mother

Using two binary relationships allows partial 
information (e.g., only mother being known)

 But there are some relationships that are naturally non-
binary

Example: proj_guide
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Converting Non-Binary Relationships to Binary Form

 In general, any non-binary relationship can be represented using binary 
relationships by creating an artificial entity set.

 Replace R between entity sets A, B and C by an entity set E, and three 
relationship sets: 

1. RA, relating E and A        2.  RB, relating E and B      
3. RC, relating E and C

 Create an identifying attribute for E and add any attributes of R to E 

 For each relationship (ai , bi , ci) in R, create 

1. a new entity ei in the entity set E       2. add (ei , ai ) to RA

3. add (ei , bi ) to RB 4. add (ei , ci ) to RC
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Converting Non-Binary Relationships (Cont.)

 Also need to translate constraints

 Translating all constraints may not be possible

 There may be instances in the translated schema that
cannot correspond to any instance of R

Exercise: add constraints to the relationships RA, RB

and RC to ensure that a newly created entity 
corresponds to exactly one entity in each of entity sets 
A, B and C

 We can avoid creating an identifying attribute by making 
E a weak entity set (described shortly) identified by the 
three relationship sets 
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E-R Design Decisions

 The use of an attribute or entity set to represent an object.

 Whether a real-world concept is best expressed by an entity set 
or a relationship set.

 The use of a ternary relationship versus a pair of binary 
relationships.

 The use of a strong or weak entity set.

 The use of specialization/generalization – contributes to 
modularity in the design.

 The use of aggregation – can treat the aggregate entity set as a 
single unit without concern for the details of its internal 
structure.
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Summary of Symbols Used in E-R Notation
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Symbols Used in E-R Notation (Cont.)
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Alternative ER Notations

Chen, IDE1FX, …
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براي گوشه اي از سيستم بانكداري ERDنمونه 
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Alternative ER Notations

Chen                   IDE1FX (Crows feet notation)
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UML

 UML: Unified Modeling Language

 UML has many components to graphically model different 
aspects of an entire software system

 UML Class Diagrams correspond to E-R Diagram, but several 
differences.
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ER vs. UML Class Diagrams

*Note reversal of position in cardinality constraint depiction
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ER vs. UML Class Diagrams

ER Diagram Notation Equivalent in UML

*Generalization can use merged or separate arrows independent
of disjoint/overlapping
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UML Class Diagrams (Cont.)

 Binary relationship sets are represented in UML by just 
drawing a line connecting the entity sets. The relationship set 
name is written adjacent to the line.  

 The role played by an entity set in a relationship set may also be 
specified by writing the role name on the line, adjacent to the 
entity set. 

 The relationship set name may alternatively be written in a box, 
along with attributes of the relationship set, and the box is 
connected, using a dotted line, to the line depicting the  
relationship set.
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ER vs. UML Class Diagrams
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