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Wolfgang Gatterbauer
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Class warm-up

e Last class summary

e Project overview: web page
— We stop 15min early / group self-assignment

« Thanks for feedback

— homework groups: everything goes

— more interactive questions in class ("checkpoints", "examples")

— Please continue use our various options for feedback. Constructive
feedback ("l suggest doing X instead of Y because it helps me do Z") is more
helpful than feedback without concrete suggestions for changes ("exam
guestion format was confusing")

« We continue with Database Design, hands-on
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More Practice
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Design Practice: What's Wrong?

Product

Purchase
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Person
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Design Practice: What's Wrong?

Product

Country

Purchase

Person

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Person

253


https://northeastern-datalab.github.io/cs3200/

Design Practice: What's Wrong?

Product

Country

<

Woral: be faithful to the specifications of the application!

Purchase

Person
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Design Practice: What's Wrong?

?

Purchase
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Design Practice: What's Wrong?

Purchase
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Design Practice: What's Wrong?

?

Purchase
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Design Practice: What's Wrong?

Purchase
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Multiple relationships

:

PROFESSOR | >

,"\.
*
o/

<

SCHEDULE

Semester

Is Qualified

Source: Hoffer, Ramesh, Topi, "Modern database management," 10t ed, 2010. Fig 2.21.
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Multiple relationships

Associative entity: Surrogate identifier would loose the business rule that the combination

of the PROFESSOR identifier, COURSE identifier, and Semester must be unique for each
SCHEDULE instance

SCHEDULE ]

O« | Semester J__f.'.:::» O ‘ﬂ

Is Qualified

!

PROFESSOR | >

<-| COURSE

Here, min cardinality constraint is 2: At least two
professors must be qualified to teach each course

Source: Hoffer, Ramesh, Topi, "Modern database management," 10t ed, 2010. Fig 2.21.
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Connection Iraps
(join path problems)
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We have a problem

Employee

n 1
Department —/\a>7 Location
Department Location

Where is the problem

Source: https://www.techtud.com/example/traps-entity-relationship-diagrams-fan-trap-and-chasm-trap
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Employee
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We have a problem: a "fan trap"

n 1
Department —/\a>7 Location
Department 0 Location

For which departmewnt does a particular employee work? ?

Source: https://www.techtud.com/example/traps-entity-relationship-diagrams-fan-trap-and-chasm-trap
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Employee

Employee
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We have a problem: a "fan trap"

ER diagram
(ewtity types)

* nstavces
° ocecurrences

* actual entities

n

Department

at

1

Department

Location

Location

1
—

Employee

For which departmewnt does a particular employee work? ?

D/
>

L |

Source: https://www.techtud.com/example/traps-entity-relationship-diagrams-fan-trap-and-chasm-trap
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the "fan

-out" is too large!l — Ambiguous @ '
|

N

cC
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How to resolve a "fan trap"

n 1
. Department at Location
ER diagram < >

1
Employee
(ewtity types)
Department Location Employee
For which departmewnt does a particular employee work? ?
* instances b/ L ‘ E l

©  oCCUrrences
* actual entities \> 2

> Location 0 Department Employee

Solutiown: Flip &—\ _F |

from N4, 1:N
to 1:N, 1 L / g
A=

A
Source: https://www.techtud.com/example/traps-entity-relationship-diagrams-fan-trap-and-chas (::' (
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 267



https://northeastern-datalab.github.io/cs3200/
https://www.techtud.com/example/traps-entity-relationship-diagrams-fan-trap-and-chasm-trap

Another fan trap, differe

Staff

< Has

Source: Connolly, Begg: Database systems, 4th ed, p. 364, 2005.

A single division

1..

*

1..

1

Division

nt notation

Which member of staff works at a particular branch?

Operates »

has one or more staff
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operates ovie or more branches

1.

1

1.7

Branch

A sivgle division
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Another fan trap, different notation

Which mewmber of staff works at a particular branch?

<4 Has o Operates »
Staff Division Branch
1..° 1..1 1..1 1.7
A single division A single division

has ove or more staff operates ove or more branches

Staff Has Division Operates Branch

entities relationship entities relationship entities

where does

staff SG37

work? f?

Source: Connolly, Begg: Database systems, 4th ed, p. 364, 2005.
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Another fan trap, different notation

Which member of staff works at a particular branch?  «

< Has o Operates »
Staff Division Branch
1.." 1..1 1..1 1.7
A sivgle division A single division

has ove or wore staff operates ovie or more branches

Staff Has Division Operates Branch

entities relationship entities relationship entities

where does

staff SG37

P

work? f?

. \ . y
o |
SAQ r2 - rs \
& ®
SL21 ) \ r3 re )
@ 3

Fan Trap: Where a model represents a relationship between entity types, but the pathway between certain
entity occurrences is ambiguous (too many join paths).

May exist when two or more 1:n relationships fan out from the same entity

Source: Connolly, Begg: Database systems, 4th ed, p. 364, 2005.
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Restructuring the model helps here again

o Operates » Has »
Division Branch Staff
1..1 1.." 1..1 1.."
Division Operates Branch Has Staff
entities relationship entities relationship entities
BDEB g
BOO7 g

BOOS

Source: Connolly, Begg: Database systems, 4th ed, p. 364, 2005.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

\/\/
NN

Solution: here restructuring helped. More general solution: add a new relationship
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Another problem with the "solved fan trap”

Chivook: For each customer with at least one purchase,
sum the total and +he quantities purchased. ?
[FirstNawme, LastName, sum_total, sum_dguantity]

SELECT C.firstname, C.lastname,
sum(total) sum_total, sum(quantity) sum_quantity

?

FROM

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

E. Customer
¥ Customerld
FirstName
LastName
Company
Address
City
State
Country
PostalCode
Phone
Fax
Email
SupportRepld

#  Invoicelineld
Invoiceld
Trackld

?  Invoiceld
P00 CustomerId
InvoiceDate
BilingAddress
BillingCity
BilingState
BilingCountry

Billi |Code
Total

=
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Another problem with the "solved fan trap”

Chinook: For each customer with at least one purchase,
sum the total and the quantities purchased.

[FirstName, LastNawme, sum_total, sum_duantity]

SELECT C.firsthame, C.lasthame,
—sumftotalysum total, sum(quantity) sum_quantity
FROM Customer C
JOIN Invoice | ON C.customerld=Il.customerld
JOIN InvoiceLine IL ON I.inCzoiceId=IL.invoiceId

GROUP BY C.customerid

ORDER BY sum_total desc

-

Wolfgang Gatterbauer. Database design: https://northeastern-data

C.firstname, C.Iastnamg)

\ /
firsthame | lasthame éqm_to)él sum_quantity
Helena | Holy 50262 |38
Richard | Cunningham 38

ab.github.io/cs&\oo/

?

¥ Customerld
Firsthame
LastName
Company
Address
City
State
Country
PostalCode
Phone
Fax
Email
SupportRepld

=

#  Invoicelineld
Invoiceld
Trackld

UnitPrice

Quantity

i)

* ™ - @

?  Invoiceld
CustomerId
InvoiceDate
BilingAddress
BillingCity
BilingState
BilingCountry
BilingPostalCode
Total

L

L -
C - /
=
C ——T~ _
C il 274
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Another problem with the "solved fan trap”

Chinook: For each customer with at least ove purchase,
sum the total and +he quantities purchased.
[FirstNawme, LastNawme, sum_+total, sum_duantity]

SELECT C.firsthame, C.lastname,

FROM Customer C

JOIN Invoice | ON C.customerld=Il.customerld

sum(total) sum_total

GROUP BY C.customerid, C.firsthame, C.lastname
ORDER BY sum_total desc

-

Wolfgang Gatterbauer. Database design: https://northeastern-data

firsthame | lasthame sum_ total
Helena Holy 49.62
Richard | Cunningham | 47.62

ab.github.io/cs3200/

¥  Customerld
FirstName
LastName
Company
Address
City
State
Country
PostalCode
Phone
Fax
Email
SupportRepld

Trackld

Up

N\ =
eld

£ Ioicelin
Invoeld

?  Invoiceld
CustomerId
InvoiceDate
BilingAddress
BillingCity
BilingState
BilingCountry
BilingPostalCode
Total

(A
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Another problem with the "solved fan trap”

Chinook: For each customer with at least one purchase,
sum the total and the quantities purchased.

[FirstName, LastNawme, sum_total, sum_duantity]

SELECT C.firstname, C.lasthame, sum_total, sum_quantity
FROM Customer C

JOIN

FROM Invoice |
GROUP BY customerid) X on C.customerid=X.customerid

JOIN

(SELECT customerid, sum(total) sum_total

FROM Invoice | JOIN InvoiceLine IL
ON l.invoiceld=IL.invoiceld
GROUP BY customerid) Y on C.customerid=Y.customerid
ORDER BY sum_total desc

-
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(SELECT customerid, sum(quantity) sum_quantity

firsthame | lasthame sum_total | sum_quantity
Helena Holy 49.62 38
Richard | Cunningham | 47.62 38

ab.github.io/cs3200/

. Customer ]

merTy

Company
Address

Ci ty SP=00

State
Country
PostalCode
Phone

Fax

Email
SupportRepld

# Invoicelineld
Invoiceld
Trackld
UnitPrice

1=ty
Luanuty

i)

* - -

?  Invoiceld
CustomerId
InvoiceDate
BilingAddress
BillingCity
BilingState
BilingCountry
BilingPostalCode

Total

I0ta

Careful when you aggregate over
several differewt tables!
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We have yet another problem

Has »

Branch
1.1

*
'

Staff

Oversees »

0..1

Now we seem o have avoided a fan trap. Do we still have a problem?

Source: Connolly, Begg: Database systems, 4th ed, p. 364, 2005.
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0..”

PropertyForRent

?
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Yet another pro

Branch

Has »

1.

1

*
'

Staff

olem: "chasm traps”

Oversees »

0..1

0..”

PropertyForRent

A property mavaged at a bravch

may vot yet be assigned to a staff

Now we seem o have avoided a fan trap. Do we still have a problem?

Source: Connolly, Begg: Database systems, 4th ed, p. 364, 2005.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

?

278


https://northeastern-datalab.github.io/cs3200/

Yet another problem: "chasm traps"”

Has » Oversees »
Branch 1 -~ Staff 01 3 PropertyForRent

A property mavaged at a bravch
may viot et be assigued to a staff

Branch Has Staff Oversees PropertyForRent
entities relationship entities relationship entities
r1 SG37 4 Where is
@ ° @ property
( 2 \ / P4
r SA9 i
\ & 2 available? =
r3 / \ SL21 rS
NV
Source: Connolly, Begg: Database systems, 4th ed, p. 364, 2005. 279
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Yet another pro

olem: "chasm traps”

Has » Oversees »
Branch Staff PropertyForRent
1.1 S 0..1 0..*
A property mavaged at a bravch
may vot yet be assigned to a staff
Branch Has Staff Oversees PropertyForRent
entities relationship entities relationship entities
r1 SG37 r4
® . ®
r2 / SA9
\ @ .
r3 / \ SL21 rS
e —a e

where is
property
PA4
available? =

Chasm Trap: Where a model suggests the existence of a relationship between entity types, but the pathway
does not exist between certain entity occurrences (a join path is lost).

May exist when there is a relationship with optional participation between the related entities.

Source: Connolly, Begg: Database systems, 4th ed, p. 364, 2005.
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Adding a relationship helps here

Has » Oversees »
Branch Staff PropertyForRent
1..1 1. 0..1 0..*
1 *
Offers »
Branch Has Staff Oversees PropertyForRent
entities relationship entities relationship entities
prassgmnorttoa [0 [N [\ L@\ fmn)  0.7s do possivie
9 i 2 & and actually preferred
(mandatory). BOO7 2 549 PA14

PL94

Offers
relationship

-

Source: Connolly, Begg: Database systems, 4th ed, p. 364, 2005.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.10/cs3200/

281



https://northeastern-datalab.github.io/cs3200/

Chasm Trap

Iv which buildivg are all computers, even those outside the rooms

(e.9., in the reception connter)?

Building

1 n

X, has

Room

Building

Room

1 @ n
<

Source: https://www.techtud.com/example/traps-entity-relationship-diagrams-fan-trap-and-chasm-trap
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Computer

Computer

?
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Chasm Trap

Iv which buildivg are all computers, even those outside the rooms

(e.9., in the reception connter)?

Building

1 n

X, has

Room

Building

— Failure to capture all the relationships that exist in the real world in the wmodel.

Room

1 6 n
O

Source: https://www.techtud.com/example/traps-entity-relationship-diagrams-fan-trap-and-chasm-trap
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Computer

Computer

?
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Chasm Trap

Iv which buildivg are all computers, even those outside the rooms
(e.9., in the reception connter)?

Building

1 n

has Room

Building

— Failure to capture all the relationships that exist in the real world in the wmodel.

> Building

Room

Solution: Add
another

relationship

o>

1

Computer

@ O Computer

@ 0 Computer

\

\S/

Source: https://www.techtud.com/example/traps-entity-relationship-diagrams-fan-trap-and-chasm-trap
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Fan trap

ER diagram
(ewtity types) IncludesDept

v

Department

Source: Howe. Data Analysis for Database Design, 3™ ed, p. 117, 2001.

Division

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

IncludesEmp

N

For which department

does a particular

employee work? ?

Employee
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Fan tra P o For which department
| Division , does a particular
ER diagram employee work? ?
(@WH'W 'WP@SJ IncludesDept IncludesEmp u
N / \N
Department Employee
Department IncludesDept Division IncludesEmp Employee
1 1
. instances 1 .9
° occurrences ) 3 b ® '
c. ()
¢ actual entities AMYIQAoUS .
3 4
2
4 5

Source: Howe. Data Analysis for Database Design, 3™ ed, p. 117, 2001.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Fan trap resolved

ER diagram
; - IncludesDept 1 IncludeskE N
(entity types) Division | IncludesDept N Department o Employee
Now relationships are
uambiguons ©
Division IncludesDept Department IncludesEmp Employee
. 1 o |
* Inustavces
2
* occurrences :
o actual entities 3
; o 4
2
: o 5

Source: Howe. Data Analysis for Database Design, 3™ ed, p. 117, 2001.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Another resolution?

ER diagram
(entity types) Division

1

DivIncludes

?

N

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Employee

N

Deptlncludes

1

Department
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Another resolution? Not really!

ER diagram ‘
. Divisi 1 DivIncludes N Empl N DeptIncludes 1
(GVI“‘H’\{ WP‘?/S) vision mployee

Department

Explain why the structure above contaivs a potential chaswm trap. ?
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Another resolution? Not really!

ER diagram ,
. Divisi 1 DivIncludes N Empl N Deptlncludes 1
(GVI“‘H’\{ 'WP@S) vision mployee

Department

Explain why the structure above contaivs a potential chaswm trap. ?

The association between a division and a department depends ow
there b@img@ma emplovee in the department.

Thus some instauces of the 1:many relationship between division
and department may be lost (may have fallew of "the chasm”)
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EXam pleS: Eﬂtlty vs. Attribute How do we handle employees with
multiple addresses?

Should address f?
be an attribute? -

e

Employee
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Examples: Entity vs. AttriOUte o do e handie emplovees with
multiple addresses?

Should address f?

be an attribute? . Or be an entity? ?

AddrOf

292



Examples: Entity vs. AttriOUte o do e handie emplovees with
multiple addresses?

Should address f?

f? Or as a multivalued f?
be av attribute? . Or be av entity? . attributel -

AddrOf
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Examp les: E ntity vS. Attribute preferred wheu internal structure of +he
address (e.9). ip code, state) is useful

Should address f? / Or as a multivalued f?

be an attribute? Or be an cwﬂw? attributel

o

also need to
ecifvy a PKI
AddrOf specify a Pk
Employee Employee Employee
N J
VT

Iv geveral, when we wawnt to record several values, we

choose new entity or model as multivalued attributes!
294



Examples: Unary Degree Relationship

Managers
Person manage other Team
Is married to employees Stands After

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 295
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Examples: Unary Degree Relationship

Managers
manage other Team
employees Stands After

(\’\/\M/)K‘{ SW %

/0
A J
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Examples: Unary Degree Relationship

Notice that this notation is ambiguouns: according +o our +extbook, that
would be many-to-many (wo arrow = vo constraint). Here is meant 1

Managers
Person manage other
Is married to employees
Is Married To Manages
PERSON EMPLOYEE
One-to-one One-to-many

Source: Hoffer, Ramesh, Topi, "Modern database management," 10t ed, 2010.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Team
Stands After
RN AN NS

T NS TSNTN
BRI EA

B

) Stands After

\Q

TEAM

One-to-one
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Example: Married to with participation

type (or entity set) instance (or entity)
|s_married_to Shirley
)
e Mack
Dawn
PERSON
Kathy
) Ellis
Fred

Source: Hoffer, Ramesh, Topi, "Modern database management," 10t ed, 2010.
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There is a problem with our ERD

(Coiy )| customer
s (7o

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 300
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There is a problem with our ERD

(Coiy )| customer
o Cm e

This assumes every order contains only ove product.
So if T want two products, T have to make two orders!

The problem: Product is defined as an attribute, not an entity.
(Becanse we didn’t define our requirements clearly enongh?)
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Here is a solution

(Coiy )| customer

Order

s (a0

ontain

i

e Now

Product

— A customer can make multiple orders
— An order can contain multiple products
— A product can be part of multiple orders

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Example: multiple relationships

For this exercise, ignore attributes:

« Each employee is assigned to one department f?
« Each employee has one supervisor .
e Each departmentis manged by one manager
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Example: multiple relationships
For this exercise, ignore attributes:
— R e Each[_ems assigned\tclne_w

< > « Each’employee has one\superviso’r
——= « Each department is manged by one/ manager
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Example: multiple relationships

For this exercise, ignore attributes:

« Each employee is assigned to one department
« Each employee has one supervisor
e Each departmentis manged by one manager

Supervises Works In Has Workers
EMPLOYEE DEPARTMENT
Supervised By Manages Is Managed By

Recall: Entities can be related to one another in more than one way

Source: Fig. 2-21, Hoffer, Ramesh, Topi, "Modern database management," 10%" ed, 2010.
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