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Relational Modeling

Tables of rows and columns:

Our AD&D-like game

Players

PK

pid
name

rank

Inventory

CAP=# select *
CAP-# from Players;

pid | name | rank
_____ +_________+_________
1 | James | Captain

2 | Leonard | Admiral

PK, FK
PK, FK

pid
iid
dateAcquired

ltems

PK

iid
name

desc

(2 rows)

CAP=# select x
CAP-# from Items;

iid | name | descr
_____ +_______+_______
A | wand |

B | gem |

C | mace |

D | sword |

(4 rows)

CAP=# select x
CAP-# from Inventory;

pid | iid | dateacquired
_____ +_____+_____________
1| A | 2020-01-23
1| B | 2020-01-23
2 | B | 2020-01-23
2 | C | 2020-01-23
(4 rows)




Relational Modeling

Tables of rows and columns: Our e-commerce database (“CAP”)

People Products
pid | prefix | firstName | TlastName | suffix |  homeCity | DOB prodId | name | city | qtyOnHand | priceUSD
----- e e e i i e ittt S
11 Dr. I Neil | Peart | Ph.D. | Toronto | 1952-09-12 p01 | Heisenberg Compensator | Dallas | 47 | 67.50
2 | Ms. | Regina | Schock | | Toronto | 1957-08-31 p02 | Universal Translator | Newark | 2399 | 5.50
31 Mr. | Bruce | Crump | .JF. | Jacksonville | 1957-07-17 p@3 | Commodore PET | Duluth | 1979 | 65.02
4 | Mr. | Todd | Sucherman | | Chicago | 1969-05-02 p04 | LCARS module | Duluth | 3 47.00
5 1 Mr. | Bernard | Purdie | | Teaneck | 1939-06-11 p@5 | Remo drumhead | Dallas | 8675309 | 16.61
6 | Ms. | Demetra | Plakas | Esq. | Santa Monica | 1960-11-09 p06 | Trapper Keeper | Dallas | 1982 | 2.00
7 | Ms. | Terri Lyne | Carrington | | Boston | 1965-08-04 p@7 | Flux Capacitor | Newark | 1007 | 1.00
8 | Dr. | Bill | Bruford | Ph.D. | Kent | 1949-05-17 p08 | HAL 9000 memory core | Newark | 200 | 1.25
9 | Mr. | Alan | White | III | Pelton | 1949-06-14 p@9 | Red Barchetta | Toronto | 1 | 379000.47
Customers Agents
pid | paymentTerms | discountPct pid | paymentTerms | commissionPct
----- B e e T it e L
1 | Net 30 | 2112 2 | Quarterly I 5.00
4 | Net 15 | 4.04 3 | Annually I 10.00
5 | In Advance | 5.50 5 | Monthly I 2.00
7 | On Receipt | 2.00 6 | Weekly | 1.00
8 | Net 30 | 10.00
Orders
orderNum | dateOrdered | custld | agentld | prodId | quantityOrdered | totalUSD
—————————— D Rt S e el L e E T S et
1011 | 2020-01-23 | 11 2 | po1 | 1100 | 58568.40
1012 | 2020-01-23 | 4 | 3 | p03 | 1200 | 74871.83
1015 | 2020-01-23 | 5 | 3 | p@5 | 1000 | 15696.45
1016 | 2020-01-23 | 8 | 3 | po1 | 1000 | 60750.00
1017 | 2020-02-14 | 1 | 3 | p03 | 500 | 25643.89
1018 | 2020-02-14 | 1| 3 | po4 | 600 | 22244.16
1019 | 2020-02-14 | 1| 2 | p02 | 400 | 1735.36
1020 | 2020-02-14 | 4 | 5 | p@7 | 600 | 575.76
1021 | 2020-02-14 | 4 | 5 | po1 | 1000 | 64773.00
1022 | 2020-03-15 | 1. | 3 | po6 | 450 |  709.92
1023 | 2020-03-15 | 1| 2 | p@5 | 500 | 6550.98
orgmaty o s s P el B | =
Performance by Patrick O’Neil and Elizabeth O'Neil. 208 P s
Modzfiedoverc}zlndoverbyAIan G. Labouseur. 1026 | 2020-05-01 | 8 | 5 | p@3 | 808 | 47282.54




Primary Key

Relational Modeling

the chosen candidate key;
uniquely identifies every row in the table.

People Products
I prefix | firstName | 1lastName | suffix | homeCity | DOB name | city | qtyOnHand | priceUSD
----- e e e et e e e et e
11 Dr. I Neil | Peart | Ph.D. | Toronto | 1952-09-12 p01 | Heisenberg Compensator | Dallas | 47 | 67.50
2 | Ms. | Regina | Schock | | Toronto | 1957-08-31 p@2 | Universal Translator | Newark | 2399 | 5.50
31 Mr. | Bruce | Crump ) | Jacksonville | 1957-07-17 p@3 | Commodore PET | Duluth | 1979 | 65.02
4 | Mr. | Todd | Sucherman | | Chicago | 1969-05-02 p04 | LCARS module | Duluth | 31 47.00
51| Mr. | Bernard | Purdie | | Teaneck | 1939-06-11 p@5 | Remo drumhead | Dallas | 8675309 | 16.61
6 | Ms. | Demetra | Plakas | Esq. | Santa Monica | 1960-11-09 p06 | Trapper Keeper | Dallas | 1982 | 2.00
7 | Ms. | Terri Lyne | Carrington | | Boston | 1965-08-04 p@7 | Flux Capacitor | Newark | 1007 | 1.00
8 | Dr. | Bill | Bruford | Ph.D. | Kent | 1949-05-17 p08 | HAL 9000 memory core | Newark | 200 | 1.25
9 | Mr. | Alan | White | III | Pelton | 1949-06-14 pd9 | Red Barchetta | Toronto | 1 | 379000.47
Customers Agents
| paymentTerms | discountPct pid i paymentTerms | commissionPct
----- e s e
| Net 30 | 21,32 2 | Quarterly I 5.00
| Net 15 | 4.04 3 | Annually I 10.00
| In Advance | 5.50 5 | Monthly I 2.00
| On Receipt | 2.00 6 | Weekly I 1.00
| Net 30 | 10.00
Orders
dateOrdered | custld | agentld | prodld | quantityOrdered | totalUSD
——————————————————————— e et B A s et
1011 | 2020-01-23 | 11 2 | po1 | 1100 | 58568.40
1012 | 2020-01-23 | 4 | 3 | p@3 | 1200 | 74871.83
1015 | 2020-01-23 | 5 | 3 | p@S | 1000 | 15696.45
1016 | 2020-01-23 | 8 | 3 | pol | 1000 | 60750.00
1017 | 2020-02-14 | 1| 3 | p03 | 500 | 25643.89
1018 | 2020-02-14 | 1| 3 | po4 | 600 | 22244.16
1019 | 2020-02-14 | 11 2 | p@2 | 400 | 1735.36
1020 | 2020-02-14 | 4 | 5 | p@7 | 600 | 575.76
1021 | 2020-02-14 | 4 | 51 po1 | 1000 | 64773.00
1022 | 2020-03-15 | 1| 3 | po6 | 450 |  709.92
1023 | 2020-03-15 | 1| 2 | p@5 | 500 | 6550.98
8 iailfoom 1024 | 2020-03-15 | 5 | 2 | po1 | 880 | 56133.00
o kOl and e OV Sl ] 5 Bl | e
Modified over and over by Alan G. Labouseur. P




Relational Modeling

Foreign Key a value in one table that must match the
primary key of another table

People Products
(pidll prefix | firstName | lastName | suffix |  homeCity | DOB (prodld name | city | qtyOnHand | priceUSD
EE B et ommmmmmmmmeo ommmmm e mmmmmm- ommmmmmm e Hommmmmmm e EEE St ommmmmm - ommmmmmmm e e
| Neil | Peart | Ph.D | Toronto | 1952-09-12 p01 | Heisenberg Compensator | Dallas | 47 | 67.50
| Regina | Schock | | Toronto | 1957-08-31 p@2 | Universal Translator | Newark | 2399 | 5.50
Bruce | Crump I Jr. | Jacksonville | 1957-07-17 p03 Commodore PET | Duluth | 1979 | 65.02
| Sucherman | | Chicago | 1969-05-02 p04 LCARS module | Duluth | 31 47.00
| Purdie | | Teaneck | 1939-06-11 p@5 | Wemo drumhead | Dallas | 8675309 | 16.61
| Plakas | Esq. | Santa Monica | 1960-11-09 p06 | TNgpper Keeper | Dallas | 1982 | 2.00
| Carrington | | Boston | 1965-08-04 p@7 | F1& Capacitor | Newark | 1007 | 1.00
Bruford | Ph.D. | Kent | 1949-05-17 p08 | HAL §000 memory core | Newark | 200 | 1.25
N te | III | Pelton | 1949-06-14 pd9 | Red B&chetta | Toronto | 1 | 379000.47
Cystomers Agents
paymentTerms | commissionPct
_______________________________ e
1 | Net 30 2 | Quart® | 5.00
4 | Net 15 | d 3 | Annually 10.00
5 | In Advance | 5.50 5 | Monthly I . 00
7 | On Receipt | 2.00 0 V-1’ I 1.00
8 | Net 30 | 10.00
Orde
orderNum | dateOrdered quantityOrdered | totalUSD
—————————— et s b S e e
1011 | 2020-01-23 | 11 2 | po1 | 1100 | 58568.40
1012 | 2020-01-23 | 4 | 3 | p03 | 1200 | 74871.83
1015 | 2020-01-23 | 5 | 3 | p@S | 1000 | 15696.45
1016 | 2020-01-23 | 8 | 3 | po1 | 1000 | 60750.00
1017 | 2020-02-14 | 1| 3 | p03 | 500 | 25643.89
1018 | 2020-02-14 | 1| 3 | po4 | 600 | 22244.16
1019 | 2020-02-14 | 1| 2 | p@2 | 400 | 1735.36
1020 | 2020-02-14 | 4 | 5 | p@7 | 600 | 575.76
1021 | 2020-02-14 | 4 | 51 po1 | 1000 | 64773.00
1022 | 2020-03-15 | 1| 3 | po6 | 450 |  709.92
1023 | 2020-03-15 | 1| 2 | p@5 | 500 | 6550.98
isjmsssy Pl Ijm 9 | s
Performance by Patrick 0'Neil and Elizabeth O'Neil. 20 P s
Modifiedover(};ndoverbyAIan G. Labouseur. 1026 | 2020-05-01 | 8 | > | p@3 l 808 | 47282.54




Relational Modeling
CAP Database

p
People
prefix text
firstName text
lastName text
suffix text
homeCity text
| DOB date
f Customers
int
paymentTerms |text
L discountPct decimal
p
Agents
PKFK_|pid int
paymentTerms |text
commissionPct |decimal

( Products
PK_Jprodid] text
name text
city text
gtyOnHand int
q priceUSD currency
Orders
PK__[orderNum] int
dateOrdered date
int
tint
text
guantityOrdered int
totalUSD currency




Relational Modeling

Ab
L‘
People Eroducts Database
pid | prefix | firstName | TlastName | suffix | homeCity | DOB prodld | name | city | qtyOnHand | priceUSD
----- e B e et e e e L LT L B et e e e
11 Dr. | Neil | Peart | Ph.D | Toronto | 1952-09-12 p01 | Heisenberg Compensator | Dallas | 47 | 67.50
2 | Ms. | Regina | Schock | | Toronto | 1957-08-31 p@2 | Universal Translator | Newark | 2399 | 5.50 I Iaps O
31 Mr. | Bruce I Crump [ | 8 | Jacksonville | 1957-07-17 p@3 | Commodore PET | Duluth | 1979 | 65.02
4 | Mr. | Todd | Sucherman | I Chicago | 1969-05-02 p04 | LCARS module | Duluth | 3 47.00
51 Mr. | Bernard | Purdie | | Teaneck | 1939-06-11 p@5 | Remo drumhead | Dallas | 8675309 | 16.61
6 | Ms. | Demetra | Plakas | Esq. | Santa Monica | 1960-11-09 p06 | Trapper Keeper | Dallas | 1982 | 2.00
7 | Ms. | Terri Lyne | Carrington | | Boston | 1965-08-04 p@7 | Flux Capacitor | Newark | 1007 | 1.00
8 1 Dr. | Bill | Bruford | Ph.D. | Kent | 1949-05-17 p@8 | HAL 9000 memory core | Newark | 200 | 1.25
9 | Mr. | Alan | White | III | Pelton | 1949-06-14 p@9 | Red Barchetta | Toronto | 1 | 379000.47
Customers Agents
pid | paymentTerms | discountPct pid | paymentTerms | commissionPct
————— i e e bt
1 | Net 30 | 21.12 2 | Quarterly | 5.00
4 | Net 15 | 4.04 3 | Annually | 10.00
5 | In Advance | 5.50 5 | Monthly | 2.00
7 | On Receipt | 2.00 6 | Weekly | 1.00
8 | Net 30 | 10.00
Orders
orderNum | dateOrdered | custId | agentld | prodId | quantityOrdered | totalUSD
—————————— B e ettt e
1011 | 2020-01-23 | 11
1012 | 2020-01-23 | 4 |
1015 | 2020-01-23 | 51
w6 | omzs | 31 | CAP Database
1017 | 2020-02-14 | 11
1018 | 2020-02-14 | 11
1019 | 2020-02-14 | 11 People Products
1020 | 2020-02-14 | 41 — 1 PK  |pid int PK |prodid text
1021 | 2020-02-14 | 4 | )
1022 | 2020-03-15 | 1 prefix text name text
1023 | 2020-03-15 | 11 firstName text city text
Originally from 12;3 : ;g;g_gi_;i : g : lastName text gtyOnHand int
Performance by Patrick O’Neil and Elizabeth O’Neil. 1026 | 2020:@5:01 | 8 | suffix text priceUSD currency
Modified over and over by Alan G. Labouseur. )
homeCity text
DOB date
Customers Orders
~——HPKFK |pid int PK orderNum int
paymentTerms |text 1 dateOrdered date
discountPct decimal FK custld int
FK |agentld tint
FK prodld text
Agents
. . quantityOrdered int
i PEe o int totalUSD currency
° paymentTerms |text
Ii /R Dlagral I I commissionPct |decimal




Relational Modeling

PSMS Database Design

Utilization Patient Leave
Review 1 Types
PID 7 f
PL wy
1 M
Family PID M
Relations |v 1
MIRiD
1
Relatives PID Patients
M 1
Clinic PID
Calendar v 1 1
1
PID
M
M PID
DID
1
Clinic Diagnosis and
Consulting DID Action
Physicians 1 M

-~
R

Evaluation
SID Fixed
Ward / Unit Staff Leave
Types Values
wul ! st 1
M
M
PC Positions PC Auth. Fill
M 1 1 M
M
; DeptID
Staff
SID URC Pct. DeptlD| Dept.
1 M M 1
M URC M Div
1 1
URC List Division
1 SID
SID M TID
Borrowed Iy, 1 Tapes
M

Medical Records

Topics




Relational Modeling

e
L‘
tbiIConsumptionTypes
tbiTrainingConsumption i i
PK | consumptionType
PK,FK2 studentPid Pl HA deacription
PK,FK3,FK4 |schoolld defaultCost
O«< PK,FK4 calendarDate
PK,FK4 classid
PK,FK4 sessionld O
tblAutoPayTransactions FK1 °°"8"T,?"°"Typ?, 34
RIGEKT [accountid tblAccounts tbiCalendar
transType
PK dueDate  PO—HpPK ]M —H—O¢  tblTrainingPurchases PK,FK1 | schoolld
amountDue T PK,FK2 |accountld PK calendarDate
executeDate ? PK pid PK classld
amountPaid : PK,FK1 hooll PK sessionid
Q PK purchaseDate PO desc
amountPurchased
thiStudents faceValue
PK,FK1 | pid parValue
FK2 accountld exchangeValue tbiManagers
— OHPKFK1 |pid L
PK,FK2 |schoolld i B =
shift L H tblSchools
tbiPeople PK | schoolld
tbiAppointments . = tblinstructors corporateName
PK intmentDat PK m alias
appointmentDate Siratnarie tbIEmployees 2
FK1 | appointmentType middlename :ﬂg - d a::ress;
i i f chool address
En2 f;;’;fﬁ;“’ 0--H1  |lastname  ——OH POFKT 1B Ly oy e D—H e
targetOther prefix hiredate city
notes suffix stateprov
outcome :2:’95 F tbiSchoolowners ks . postaAIcode
v T LL} y
T + L O+ PK,FK2 | pid L
Rk PK,FK1 |schoolld T
1 percent
tblAppointmentTypes
PK | appointmentType
description tblResponsibilities
PK,FK3 | pid
O< PK,FK2 |schoolld
PK,FK1 |roleld
Access Control Configuration
m H 7 s R
descripti e e ey aN
taskid sserpLon \’/ match on roleld :> PK |roleld
N TT T P description
xmlingredients xmlTaskCookbook
ingredientld taskld
description step
codeModule ingredientld
tblSuppliers tblPoMaster tblPoDetail tblinventoryMaster tblinventoryTransactions
PK |supplierld L ----OgPK |pold H +< PK,FK2 | pold SO—H-{PK [sku -H———0O< PK,FK2 | schoolld
name FK1 | supplierid PK,FK1 |sku description PK,FK1 |sku
terms orderDate qtyOrdered onHand PK transDate
transType




Keys and Referential Integrity

The enforcement of the Primary Key (PK) — Foreign Key (FK)
relationship is perhaps the most important aspect of Relational
Databases. This property is called referential integrity. It insures
consistency and accuracy, and thus leads to data quality. Data cannot
become information without it.

Because of the importance of keys, it’s critical that we — as database
designers and data architects — never let end users control the
content of key fields. For that reason, artificial keys are often a
smart choice.

An artificial key is one that we make up. CWID is an example.
PID and ProdID are others.

10



SQL as DDL - Creating Tables

— People --
CREATE TABLE People (

-
¢

pid int not null,
prefix text,
firstName text,
lastName text,
suffix text,
homeCity text,
DOB date,

primary key(pid)

)i

—-—- Customers --

CREATE TABLE Customers (
pid int not null references People(pid), —
paymentTerms text,
discountPct decimal(5,2),

primary key(pid)

CAP Database
People Products
{1PK pid int PK prodld text
prefix text name text
firstName text city text
lastName text gtyOnHand int
suffix text priceUSD currency
homeCity text
DOB date
Customers Orders
{PKFK |pid int PK orderNum int
paymentTerms |text 1 dateOrdered date
discountPct decimal FK custld int
. FK agentld tint
prm— I FK prodid text
quantityOrdered  |int
[PEEK [pd int totalUSD currency

paymentTerms

commissionPct

text

decimal

)i

-— Agents --

CREATE TABLE Agents (
pid int not null references People(pid),
paymentTerms text,

commissionPct decimal(5,2),
primary key(pid)

11



SQL as DDL - Creating Tables

CREATE TABLE Products (

prodId
name
city

gtyOnHand int,
priceUSD

text not null,

primary key(prodId)

);

—— Orders

CREATE TABLE Orders (

orderNum
dateOrdered

custId

agentId

prodId

quantityOrdered
totalUSD

);

int
date
int

int
text
integer,

currency(10,2),

not
not
not
not
not

-
e

CAP Database
People
—— - PK pid int
prefix text
firstName text
lastName text
suffix text
homeCity text
DOB date
Customers

PK FK |pid

paymentTerms

discountPct

int

text

decimal

%

Agents

pydan

PKFK |pid
payment S
co ssionPct

it

text
degj

)y -~

Products

PK prodld text
name text
city text
gtyOnHand int
priceUSD currency

Orders

PK orderNum int
dateOrdered date

FK custld int

FK agentld tint

FK prodld text
quantityOrdered  |int
totalUSD currency

null,

null,

null references Customers(pid),
null references Agents(pid),

null references Products (prodId);

currency(12,2),
primary key(orderNum)

!




Referential Integrity

A proper relational database will enforce the Primary Key

Foreign Key (FK) relationship not matter what.

We cannot break it.

But let’s try...

EAdmin Filev Objectv Toolsv Helpv
Browser S B % Q Dashboard
v & Servers (1) = B v

v ([} PostgresQL 10
v == Databases (13)
v = CAP

Query Editor

> [@ Casts
> € Catalogs
> [, Event Triggers
> 3 Extensions
> = Foreign Data Wrappers
> = Languages
v G Schemas (4)
> &pg_temp_1
> & pg_toast
> & pg_toast_temp_1
v & public
A1 Collations
& Domains
(3 FTS Configurations
[la, FTS Dictionaries
Aa FTS Parsers
FTS Templates
[ Foreign Tables

v

v v v

{z) Functions

v vV v v v

Materialized Views
1.3Sequences
= Tables (8)
() Trigger Functions
Types

v v v v v

Views

1 select

Properties  SQL

@ x|

Query History

*

2 from People

3

Data Output

pid
4 [PK]integer

1

o 0 s W

Explain  Messages
= o
1 Dr Neil
2 Ms Regina
3 Mr. Bruce
4 Mr Todd
§ Mr Bemnard
6 Ms. Demetra

Statistics

& v &

Dependencies

W[ Y|~

m CAP/postgres@PostgreSQL 10

Notifications

lastname
text

4
Peart

Schock

Crump
Sucherman
Purdie

Plakas

Dependents

£ CAP/postgres@PostgreSQL 10 *

No limit

v B b v e @B~

o a4l
Ph.D. Toronto 1952-09...
[null] Toronto 1957-08.

Jr. Jacksonville 1957-07...
[null) Chicago 1969-05..
[null) Teaneck 1939-06..
Esq. Santa Monica  1960-11..

(PK) —
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