Unit 9
High-level Logical Design

4
—
~
©
~
™
—
o
N




==
J=|

A L2

(A

/L‘;\EIXI_:E

Phases of Database design
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|
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design

'
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Physical
design
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Outllnes

An Overall Approach to Loglcal De5|gn
* Modeling of the Database Load
% Decisions about Derived Data
* Removing Generalization Hierarchies
* Partitioning of Entities
% Merging Entities and Relationships
* Primary Key Selection

2013/6/14 Unit 9 4



Logical DB Design

2 conceptual data schema #& £ logical schema, AT &

—F%7E DBMS HYZHIE

@ Conceptual schema

SRl
@ Database Description
load of the
information target logical
model @
| Performance
l criteria
Y
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|
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Inputs of Ioglcal de3|gn

@ Conceptual schema
o i HEEE e FH AV E R =
@ Description of the target logical model
+ DBMS Frie LRV ERHE IR,
@ Database load information
+ SRl EIVAEE, /RIS R E R E AR
@ Performance criteria
¢ B TRCERAYE KK AE, Fi0: K e A,
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Two-Phase Logical DB Design

@ Conceptual Database

schema @ load
information

‘4

HIGH-LEVEL LOGICAL

DESIGN .
Conceptual-to-logical Designer
schema + design choices preferences
Description
D Tutte » | MODEL-DEPENDENT |-
target logical LOGICAL DESIGN Performance
criteria

- |

Logical schema in
the target model
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Two Phase Loglcal DB De3|gn

Phase 1 ngh Ievel Ioglcal de5|gn
Model independent
o SRl B
+ f51k conceptual schema
+ 722% logical design JFSEEEIH
* Phase 2: Model-dependent logical design
® Designer preferences

i A S &tas T HYIE 247, € Phase 1 &G R Ryt
—4F € DBMS Frie iy =rHEAE.

Illnl
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I\/Iodellng of the Database Load

= HEEE IR T

+ The volume of data

X H conceptual schema &2 iy &k IR &=
+ The description of applications

P EEZ2HY operations, ST H S AESRAEELS K AVEN 2
< (R
+ Schema with data-volume information
+ Data-volume table
+ Operation frequency table
+ Operation access-volume table
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The volume of data

N(E) o entity E FVERIEH28 4 208 (data instances).  --
N(R) 7 relationship R FYE R 88 A4 2.

Avg_card(E, R) F/REHE E dYentry f74E RV 2 15

{2, FH ( min-card, max-car) avg = avg-card =<7

S
N(E,)xavg _card(E,R)
=N(E,)xavg_card(E,R)
=N(R)

cusToMER | N(CUSTOMER)=15,000

(B T
RS

(1,n) Avg = 2

| @ N(HOLDS)=30,000
(1,3)Avg = 1.5

ACCOUNT | N(ACCOUNT)= 20,000

BB
LS (=
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An example

of a schema with

data volume mformatlon

—& CUSTOMER_NO

MNAME
15,000 |0 PHONE_NUMEER [(1, n) Avg=1.5
O ADDRESS
CUSTOMER | \ET BALANCE

NUM_OF_ACCTS
CREDIT_LIMIT

30,000 (1. n) Avg. =2

HOLDS

(1, 3 Avg. = 1.5

20,000
ACCOUNT

—@ ACCOUNT_NO
—O ACCOUNT_BALS

; i{lfﬁﬁﬁﬂ?

|:l1| n}

Avg. = 40

(12400, 2133 — (B35 5 )
mesﬁﬁﬁq oATe 5] 1.33(E RS
h-_g HMGUN [
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Data-Volume Table Type:

Concept Type Volume E '_S entlty. \
CUSTOMER E 15,000 R Is relationship.
ACCOUNT——#-— ——-— —JE—— -+ 130896 —*+ — — 4 _Ajdsattribute _,__
TRANSACTION E 600,000

HOLDS R 30,000

REFERS TO R 800,000

CUSTOMER NO A 15,000

NAME A 15,000

PHONE MUMBER A S RO @
ADDRESS A 15,000

NET BALANCE A 15,000

NUM_OF ACCTS A 10

CREDIT LIMIT A 50

ACCOUNT_NO A 20,000

ACCOUNT BALANCE [A 20,000

TRANS NO A 600,000 S X5 2 Fe

DATE A 730 s AR

TYPE A 10— =

AMOUNT A 600,000

2013/6/14
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The_ de_scr_ipt_ion of a

Opé ration Fre'que néy Table

lication

BT R

A
V Type

Operation Name/Description Frequency (On-line/Bat
01 OPEN AN ACCOUNT 100 times aday |OL

02 READ THE BALANCE 3000 times a day |OL

03 DISPLAY LAST 10 TRANSACTIONS 200 times a day |OL

04 WITHDRAW MONEY 2000 times a day |OL

05 DEPOSIT MONEY 1000 times a day‘%
06 PREPARE A MONTHLY STATEMENT 1 time a month § 20% E'%f

07 REPORT NO. OF ACCOUNTS HELD BY
A CUSTOMER
08 SHOW TRANSACTIONS FOR
NEGATIVE- BALANCE ACCOUNTS

75times aday S

20 times a day

OL

/]

BEE
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20 80 Rule

= 20% of the operatlons produce 80% of the
load.

% One should concentrate at least on the
Important 20% of the operations.
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Navigation schema for O1: &—{E¥h & 5 —{EHIRE

——& CUSTOMER_NO

NAME

15,000

—-O PHONE_NUMBER

O ADDRESS
CUSTDMET'T[I{g NET_BALANCE

NUM_OF_ACCTS

(1,3

—O CREDIT_LIMIT

FLf *ﬂ it +
(1, n) Avg. =2 —2R O1 H5f
@ access 1 2 ACCOUNT
215 access 1.5 7\ HOLDS

) Avg. = 1.5 234 access 1.5 2k CUSTOMER

ECCGL?I?J%{:

2013/6/14

@ ACCOUNT_NO
O ACCOUNT_BALANCE
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2% operation ]

ZI[HY entity or
. OperatiopAccess-/glume Taple 1o0NIP
; A Concept |Read/ |Avg. Occurrences
Operation Name/DescriptioryConcept ] R S
01 OPEN AN ACCOUNT |ACCOUNT E W 100
CUSTOMER E W 100 x1.5 =150
HOLDS R W 100 x1.5= 150
02 READ THEBALANCE JACCOUNT E R 3000
O3 DISPLAY LAST 10 ACCOUNT E R 200
TRANSACTIONS|REFERS TO R R 200 x40 = 8000
TRANSACTIONS |E R select 2000 out of 8000
04 WITHDRAW MONEY |ACCOUNT E R 2000
wW 2000
CUSTOMER E W 2000 x 1.5 = 3000
05 DEPOSIT MONEY ACCOUNT E R 1000
W 1000
CUSTOMER E W 1000 x 1.5=1500
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Decision about Derlved Data

< Derived data (m** “/\,{,LIE)
« tHEIHY attributes 512 {3k attribute.

* filan (R p.13 [&)

« CUSTOMER 15 NET_BALANCE 232 & EHFTAIESE
N ZERFEE NS

« CUSTOMER 1y NUM_OF_ACC 1552 =5 2&{EiR =,
F HOLDS HlIm]s+E H.

* LREEUTEERIHE
o [BEL (T & A ER T R H.
* it BE:
o SBAEEERINY—EUE, WINERHFEE
o HEEFZE]
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& NET BALANCE H7FEZ

o E‘jﬂ p. 12 operatlon frequency table %F@
e Tﬁfﬁj@é VAR

01, 03, 06 ;45 % NET_BALANCE
2. B2~ NET_BALANCE HJ#75z:

02 & T~ 60001 access.

0HH: 02 45k 30002%, 520 5% HOLD $% ACCOUNT, 4
CUSTOMERSEH4 2 ACCOUNT, Fif b1 3000 x 2.

3. BT NET_BALANCE (A

O4 F1 O5 &1 T 4500 write HyEH{E.
ZBH: O4 5K 2000k, R S5 H #Hr 1.5(F CUSTOMER (Y
NET_BALANCE, FrLl7 2000 x 1.5
05 &K 1000ZY, 4 5 1.5 CUSTOMER 1 HY
NET_BALANCE, FrLl7 1000 x 1.5

%57 90K bytes
£iBH: &¢{# CUSTOMER 5 6 bytes, /5 15000{ECUSTOMER, 6 x
15000 = 90,000 bytes.
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=& NET _BALANCE HYy{F7g

x shsm AEH NET BLANCE’
+ 1 60001 retrieve access
* 2% 1 45001 write access

+ E LAk 5E/ 7 6000 — 4500 = 1500 A
access

+ {H-2 write access L retrieve access g A=
2%, LA RS2 | 1500 {[E access.

= i: (425 02 K88 4 Y08 22 6000272

2013/6/14 Unit 9 19



Removmg Generalization Hierarchies

 IR{THT ; SO 245 RS (relation database) 47

H 7 generalization HYRE %, 2T
conceptual schema 9 generallzatlon 1A FBe {5 FE

relation Jz relationship &%

x SRR
HR—: &0 H—ERHY entity

FE_: #E super-entity £
5E=: F—{H relationship &% super-entity £
sub-entities 7 [E]HY EE{A.
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4 —{E XAV entity

Partial 7 At BRI A
ES/EFER R || STUDENT |—O Naw Y an e

oo O MAJOR 0_OP (0, 1 ]
éEﬂ_TZ( ju@ﬁ NK (D. A., (071))
T THESIS_TITLE (0, 1
. €) @ ssN
STUDENT |—O NAME
O MAJOR
GRAD_ UG_
STUDENT STUDENT
\ —
3 THESIS_TITLE ©1n
HAS
THESIS_
ADVISOR
FRATERNITY_| . FRATERNITY_
FACULTY SORORITY (824 &7) FALARLTY SORORITY

Figure 11.4 Modeling a generalization hierarchy by a superentity
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& — @K entity

% it Eh
o = 4F K& null value attributes
+ 14855 sub-entities VM7 EUEEE & 2
entities

=t &4~ et

* [ BR.
+ & coverage & partial or total, exclusive or
overlap &5 0] FH .
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HE super-entity Z1g
J7% sub-entities 1% attribute i &%,

A}

x i

N
uh_ C ————————————————— —— ——-——— - —
overage” 2y partial/overlap i BE -
SSN @—| (©. 1) ’ (D1 UNITED_WAY_
NAME O— EMPLOYEE CONTRIBUTES, CONTRIBUTION
(@, 1) (1,n)
{t. 8) PERVISED_B
[ | } ©.1)
SECRETARY ENGINEER MANAGER UNITED_WAY
(0, 1) (0.1)| CONTRIBUTION
ILEKILLS (0, m) cL SPECIALTY t!a NO_OF_SUPERVISEES @ o1
. < TND_DF_E‘JJPERVISEES
@ ~EMPLOYEE %12 mﬁ 3: SECRETARY N.ABI'-S:E o.: ENGINEER @)f-’; MANAGER W
on =CONTRIBUTES #7 /£ 3 [ SKILLS O—

(1.m)

WORD_PROCESSOR ~SUPERVISEDBY #ff & 3 1] (0, m) SPECIALTY é i, 11‘>_{1'“‘ - ﬂ“

11 1.0
(.9 SUPERVISE_2 S

&

(0.n)

WORD_PROCESSOR
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relationship %

PROJ_MEMBER

SUBCONTRACT

} -—
PROJ_NUM
T? PROJ_NAME
{1, m) {1, n)
PROJECT
—O BUDGET
T (p, o)
SW_PROJ HW_PROJ | no.
J) 1, n) OF_
MAN_MONTHS BOARDS
USES
(0, m}

HW_COMPONENT

EE 3 ([

glationship

2013/6/14

(L MAIN_CONTRACTOR

1% (8% )

A2 partial /overlap FiDL |
min_max card(0,1)
PROJECT H] DLE& SW_PROJ
or HW_PROJ or
SUBCONTRACT or &\ &

PROJ_NUM
fl} PROJ_MNAME

{1, m) {1, n)

PROJECT

PROJ_MEMBE

)

SW_PROJ

(L MAN_MONTHS

Unit 9
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m

5B

= FHMIE—75 TVt generalization

[

% 7 operations y%ﬁﬁﬁl E =
1) attributes ffij /L i%38 E,, 1% E i
B By, 7% Ey AZEE T — &

jix\:
= F= operations 2BV FHE,, ME, 1y | Ei E,

Zﬁéié‘%izmﬁl : 12)5’1E H4H
eéae, HEH T

% ¢ access_volume table %
access_volume £z K HY operation

AR TE.
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Partitioning of Entities

iE entltles LNK;&HEEW\Q’U#JFM i
DL _EHY entities, HHY Ay

o 7 (B B — RS
L
Eorp ERE LR E

| = Partitions of entities may be overlapping
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Horlzontal partltlon (7J<—z§7\%U)

o E /\7,% El, EZ, S T g&{l E El’jattrlbutes %B%D E

— 7%

ACCOUNT
(0. n)
Instances of E
£ > e R [EA type of
1 account 47 & =1[&
( LI . entities, £ (1Y
PaeYs AT e TRANSACTIONS AP E{II {%)ﬂ :
E, 1
CHECKING_ACCT SAVINGES_ACCT LOAN_ACCT
{0, n) {0, n)
{0, m}
TRANSACTION . m
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Vertical part|t|on (+1

. E /\Z% El, Ez,
T%Zlél’ﬂdata instances,
(B Zattributes HIIZR .

{

T 55N ? MAME T ADOR
O JOB_TITLE

EMPLOYEE

é SALARY Jl EVALUATION

2013/6/14

E /\E}

E

n

Z

REBTTHY
S5
AP %Hﬂ EMP_PERSONAL_INFO —0O MAME
O ADDR
SSN
- JOB_DESCR — EMP_JOB_INFO =0 JOB_TITLE
e JOB_SKILL b JOB_DESCH
J) JOB_SKILL
& 55N
Rﬁk% EMP_SALARY_INFO |—O EALAFWTIGN
=94 H © _EVAL.AT
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Relatlonshlp E’J *J

STUDENT

NROLLS_IN_
SEMESTER

COURSE

fMENROLLS f{zzE e
O ERSH ST ]
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I\/Iergmg Entities and Relatlonshlps

B rﬂljzrzwlujtmentltles 0 ’E%«%’%ﬁ%ﬁb
operations —#E{H FHHF, Rl &kt 2 & 0F Ry—{lE]
entity DLRHA boperatlon

* E A E PR Eentities ELRE G Sy
+ One-to-onelid, &F 2 16 N Ze 28
¢ One-to-manylii¥, &0F 2 B @& S = 1FFRAE
+ Many-to-oneli, & Hf 2 (& & 58 —1FRE

* et

.

2013/6/14

'E7#% operations 27 B8 B T4HET
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Entity merging with a one-to-one intermediate

relationship
ORDER _ o1 -’""'gas\"% AR SHIPPING_INVOICE }—O DATE
~_
iﬂFlD_l"-ﬂ-JM l‘!)ﬂl.lE-TmEFI_H.ﬁME l INY_MeCd EJAHEIL.IHT
&t

. S r e w :: DhTE [':ll 1:'
ORDER  [—O AMOUNT (D, 1)

I QRD_NUM JJELETGHEFI_HAHE l INV_NO (D, 1)
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Entity merging with a one-to-many
Intermediate relationship

e -
stupent |- =] cousae
FROM '
* N AME l SJAME émur.'ﬁaﬁ
5&4 ._ .................................... l_ﬂ EBLLEEE_AD.DFIEEE

STUDENT

p

EL NAME J.'l COLLEGE_NAME
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Entity merging with a many-to-many
Intermediate relationship

i} ) )
PROJECT  f— ™) Gan—t oo ARTENT

l RO _MUM J; MEF_MAME m TO & DEPT_hLM :J.) NO_OF_EMPLOYEES

l

DEPT_MUM gi "F]Hﬂ JEET PORTION O MO_OF EMPLOYEES

PROJ NUM—> MGR_NAME
DEPT_NUM —> NO_OF EMPLOYEE

2013/6/14 Unit 9 35



Primary Key Selection

* [CEYE 1dentifierdriE—(E & primary key
= 358 primary key {735 HIJ;
* £: %% operations £k ‘& direct access HY
Identifier
+Simple identifier &3> multiple identifier
+Internal identifier (&> external identifier
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Selection of the primary key for the entity
EMPLOYEE

DEP_EMP_ID - MARE
EMPLOYEE BIRTHDAY
. =0 00 _SEC_NOD
(1. 1) COMP ENMP_SEQ CI{P}

&>

. (1, n)
PO identifier 8845 - - AEP NG
NAME+BIRTHDAY - I DEPARTMENT -

SOC_SEC_NO
COMP_EMP_SEQ NO
DEP_EMP_ID+DEP _NO

37
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Exercises

1. Assume that the followmg operatlons are defmed In the schema of

01: CREATE A NEW PROJECT AND ASSIGN EMPLOYEES TO
THE PROJECT.
02: CHANGE THE MANAGER OF THE PROJECT.
03: CHANGE A GIVEN EMPLOYEE'S ASSIGNMENT FROM
ONE PROJECT TO A DIFFERENT PROJECT.
04: FIND PROJECTS WITH MORE THAN 10 EMPLOYEES
ASSIGNED.
05: FIND MANAGERS WHO MANAGE MORE THAN ONE
PROJECT.
Cardinality information is provided on the schema. Assume reasonable
data volumes and operation frequencies for the above operations. Then
draw navigation schemas and set up an operation access-volume table
for each of the above operations.
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SSN @
NAME O—

ADDRESS O—

FROJ_ID @
TITLE O—

Figure 11.16 A project database schema
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2. Design the information system of a medical diagnosis laboratory. Several
types of persons are of interest: doctors, hospital attendants, and patients. For
each of them we represent the last name, age, and a code. Patients
(appreximately-60:000)-meecHredicalse xammations- that-must-be-reserved-ie--
advance. The history of the examinations of the last 180 days is stored in the
system. Examinations are of certain types, identified by a code, a description,
and a price. The price of the examination depends also on the type of patient.
Each doctor (500 of them) and hospital assistant (1100 of them) is able to
perform only certain types of examinations. Examinations are done in specific
rooms. Each examination must be approved with a doctor's name.

Together with examinations (200 a day), visits (50 a day) must also be scheduled.
Examinations can be assigned either as sequels to visits, or independently. Every
examination has a result, and the results of both examinations and visits must be
il stored in a log for the patient, which should store the history of the last 30 visits

d| or examinations. Examinations may be done by doctors and hospital assistants,
but visits are made only by doctors.

The main operations on the database follow:
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01: CREATE A NEW PATIENT.

02: SCHEDULE AN EXAMINATION ON THE FIRST AVAILABLE DAY.
03: PRINT THE MEDICAL HISTORY OF A PATIENT.

04: COMPUTE THE STATISTICS OF A NUMBER OF PATIENTS VISITED
BY EACH DOCTOR AND EACH HOSPITAL ASSISTANT EVERY
MONTH.

05: CHANGE A SCHEDULED VISIT.

06: CHANGE THE APPOINTMENT OF A PATIENT FROM ONE DOCTOR
TO ANOTHER.

07: CHANGE THE PRICES OF EXAMINATIONS.

08: COMPUTE THE TOTAL AMOUNT TO BE PAID BY A PATIENT.

09: PREPARE A RECEIPT FOR A PATIENT.

010: CHANGE THE TYPE OF A PATIENT.

Complete the specifications with reasonable attributes for entities and provide
load data for concepts in the schema. Add new reasonable operations and
assign frequencies to them. Develop all three required tables. Then go through
the decisions discussed in this chapter. (You may want to perform a logical
design of the database for a certain model by consulting an appropriate
subsequent chapter.)
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