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Object-Oriented vs. Relational

* |Impedance mismatch

e OO operates on instances;
RDBMS operates on sets

pes
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Example database

_ | BugStatus v
|/ status VARCHAR(20) |

~| Accounts | —] Bugs
bug_id

date reported DATE
summary VARCHAR(80)

description VARCHAR(1000) j BugsProducts v j e
resclution VARCHAR(1000)

4+ 1o 7 bug id BIGINT S | 7 product id
. » reported by BIGINT _ ,
password_hash CHAR(64) product id BIGINT product_name VARCHAR(50)
portrait image BLOB —HO- assigned_to BIGINT | |

hourly rate DECIMAL(9,2) vertile_by BIGINT
» status VARCHAR(20)

priority VARCHAR(20)
hours DECIMAL(9,2)

account_id

account_name VARCHAR(20)
first name VARCHAR(20)
last name VARCHAR(20)
email VARCHAR(100)

+
I
I
I

1

A

A
| Screenshots
Ta ‘ :
» bug_id BIGINT ] Tags bug_id BIGINT
bug_id BIGINT : -
» author BIGINT ug_! | image_id BIGINT
comment date DATETIME tag VARCHAR(20) screenshot_image BLOB

~ | Comments

comment id

comment TEXT caption VARCHAR(100)
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Entity-Attribute-Value

o Objective: extensibility

® Variable sets of attributes




Entity-Attribute-Value

Meta- [able
CREATE TABLE eav (
bug id BIGINT NOT NULL,

sttr_name~. VARCHAR(20) NOT NULL,




Entity-Attribute-Value

What does this look like?




Entity-Attribute-Value

Problems: names




Entity-Attribute-Value

Problems: values




Entity-Attribute-Value

Problems: constraints

NOT NULL

® Difficult to enforce mandatory attributes
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Entity-Attribute-Value

Problems: constraints

e Difficult to use lookup tables
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Entity-Attribute-Value

Problems: queries

® Difficult to reconstruct a row of attributes:

SELECT b.bug_id, need one JOIN

el.attr value AS created date, :
e2.attr_value AS priority, Per attr ’bUte

e3.attr_value AS description,
e4.attr_value AS status,
e5.attr_value AS reported by
FROM Bugs b
LEFT JOIN eav el ON (b.bug_id = el.bug_id AND el.attr_name = ‘created date’
LEFT JOIN eav e2 ON (b.bug _id = e2.bug_id AND e2.attr name == ‘priority’)
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Entity-Attribute-Value

Solution?




Entity-Attribute-Value

Solution

Use metadata for metadata

® Define attributes in columns




Entity-Attribute-Value

Single Table Inheritance

® One table with many columns

® |napplicable columns are NULL

CREATE TABLE Issues (
issue_id SERIAL PRIMARY KEY,
created date DATE NOT NULL,

- priority  VARCHAR(20),
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Entity-Attribute-Value

Concrete Table Inheritance

® Define similar tables for similar types

® Duplicate common columns in each table

L] L]
| bug id  SERIAL PRIMARY KEY,|  bug id  SERIAL PRIMARY KEY,
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Entity-Attribute-Value

Concrete Table Inheritance

® Use UNION to search both tables:

SELECT u.* FROM (
SELECT issue_id, description FROM Bugs
UNION ALL
SELECT issue_id, description FROM Features
Vil s ,. _
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Entity-Attribute-Value

Class Table Inheritance

® Common columns in base table

® Subtype-specific columns in subtype tables

CREATE TABLE Bugs (

GINT PRIMARY KEY,
ARCHAR(20),

v FOREIGN KEY (issue_id)
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CREATE TABLE Features (
IGINT PRIMARY KEY,
5 VARCHAR(100),
FOREI N KEY (|ssue |d)
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Entity-Attribute-Value

Class Table Inheritance

® Fasy to query common columns:

SELECT * FROM Issues
WHERE description LIKE ...;

® Fasy to query one subtype at a time:
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Entity-Attribute-Value

Using EAV appropriately

® |f attributes must be fully dynamic

® Enforce constraints in application code
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Polymorphic Assocations

® Objective: reference multiple parents

FEATURES




Polymorphic Assocations

What does this look like?

comment

issue id I £

/ 6789 “It crashes” ﬂugs ( I234
|234t4 9876 “Great idea!”%tures @) 2345

Bugs Comment atures

id
t pe issue_i jscuasid

mixing data
with metadata




Polymorphic Assocations

Problem: constraints

® A FOREIGN KEY constraint
can’t reference two tables:

CREATE TABLE Comments (
comment_id SERIAL PRIMARY KEY,
comment TEXT NOT NULL,
issue_type VARCHAR(I5) NOT NULL
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Polymorphic Assocations

Problem: constraints

® You have to define table with
no referential integrity:

CREATE TABLE Comments (
comment_id SERIAL PRIMARY KEY,
comment TEXT NOT NULL,
~ issue_type = VARCHAR(I5) NOT NULL
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Polymorphic Assocations

Problem: queries

e You can’t use a different table for each row.

SELECT * FROM Comments

JOIN I USING (issue_id);

.
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Polymorphic Assocations

Problem: queries

* You have to join to each parent table:

SELECT *

FROM Comments ¢

LEFT JOIN Bugs b ON (c.issue_type * ‘Bugs’
AND c.issue_id = b.issue_id)

LEFT JOIN Features fON (c issue type ‘Features’
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Polymorphic Assocations

Solutions

® Exclusive arcs




Polymorphic Assocations

Exclusive Arcs

CREATE TABLE Comments (
comment id SERIAL PRIMARY KEY,
comment R OT NULL,

bug_id BIGINT, both columns nullable;

feature Id BIGINT, exactly one must be non-nuII
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Polymorphic Assocations
Exclusive Arcs
* Referential integrity is enforced
 But hard to ensure exactly one is non-null

e Queries are easier:

SELECT * FROM Comments C
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Polymorphic Assocations

Reverse the relationship

BUGS
| COMMENTS

COMMENTS

FEATURES

COMMENTS FEATURES



Polymorphic Assocations

Reverse the relationship

CREATE TABLE BugsComments (
comment_id  BIGINT NOT NULL, not many-to-many

bug id BIGIN OT NULL, /
PRIMARY KEY (comment_id), )
NI _I)

FOREIGN KEY (co

REFERENCES Comments(comment_id),
FOREIGN KEY (bug_id) REFERENCES Bugs(bug id)




Polymorphic Assocations

Reverse the relationship

® Referential integrity is enforced

® Query comments for a given bug:

SELECT * FROM BugsComments b
JOIN Comments ¢ USING (comment _id)
WHERE b.bug _id = 1234;

® Query bug/feature for a give
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Polymorphic Assocations

Base parent table

BUGS elammen  ISSUES Grpmeem@ay FEATURES

COMMENTS




Polymorphic Assocations

Base parent table

CREATE TABLE Issues (
. @ SERIAL PRIMARY KEY works great with

Class Table
BLE Bugs ( AT .
BIGINT PRIMARY KEY, nheritance

A

FOREIGN KEY (issue_id) REFERENCES Issues(issue_id)
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Polymorphic Assocations

Base parent table

* Referential integrity is enforced

e Queries are easier:

SELECT * FROM Comments
JOIN Issues USING (issue_id)
- LEFT JOIN Bugs USING (issue_id)
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Polymorphic Assocations

Enforcing disjoint subtypes

CREATE TABLE Issues (
issue_id  SERIAL PRIMARY KEY,
issue_type CHAR(I1) NOT NULL
CHECK (issue_type IN (‘B’,‘F)),
UNIQUE KEY (issue_id, issue_type)

);
referential
 CREATE TABLE Bugs ( : .
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Naive Trees

® Objective: store & query hierarchical data




NENERTEES

What does this look like?

(1) Fran:
What'’s the cause
of this bug!?

(2) Ollie: (4) Kukla:
| think it’s a null We need to
pointer. check valid input.

(3) Fran:
No, | checked for
that.
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(6) Fran:
Yes, please add a
check.

(5) Ollie:
Yes, that’s a bug.
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(7) Kukla:
That fixed it.
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NENERTEES

Adjacency List design

® Naive solution nearly everyone uses

® Fach entry knows its immediate parent

| — - NULL Fran What'’s the cause of this bug?




NENERTEES

Adjacency List strengths

® Fasy to inserting a new comment:

INSERT INTO Comments (parent_id, author, comment)
VALUES (7, Kukla’, “Thanks!’);

® Fasy to move a subtree to a new position:

[ )
[ ] —
BT Sk I B S R F i s N v i S e AL I DA E ‘—QCQ i n ﬁ/nts_ '!‘S'E‘. Sl a o nt‘:‘_; Id‘ PATY 3 T L SR W Yot Sl S NI R 3 S B 1 'i:"" S 2 AR Mo et
SRRt F el L <4 VP g S L R I8 T T R L i A e ey e P Lot s ST R e S e e R Dep R NCOSA T S oy Lkl S ath L GRE SR L3t AR Yee LS AN MR
O PV S AR Sl S P, w0 s, (P T SR DN e 5 Choe N YR R TR ¢ Y g ot Do . YAy T SRt Tty T TR N T g M T BRSNS AL e TR B e e e S
c“,‘\ A2 To Y0 i N “.t.'- .*}1 LT “'('.» ) “(,‘» [P gt s i Qe 'M__v. TN A ¥, o PC ST et "‘.-":‘.‘K:';.""’? AN J.|.'f‘ gl ‘v‘,t 0 .;?."4‘-.:, N f,,'- e L LM ey VTR ST R RN BN e O 54 -:ﬂ': Sk Rr s st e i S,
» 3 w o~ A A | . X ¥ Dhats - AN ol < X - 3 NS &y - : e, »” -t " 0 v g




NENERTEES

Adjacency List strengths

® Querying a node’s children is easy:

SELECT * FROM Comments cl
LEFT JOIN Comments c2
ON (c2.parent_id = cl.comment_id);
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NENERTEES

Adjacency List problems

® Hard to query all descendants in a deep tree:

SELECT * FROM Comments c|

LEFT JOIN Comments c2 ON (c2.parent_id = cl.comment _id)

LEFT JOIN Comments c¢3 ON (c3.parent_id = c2.comment _id)

LEFT JOIN Comments c4 ON (c4.parent_id = c3.comment_id)

LEFT JOIN Comments ¢5 ON (c5.parent_id = c4.comment _id)
LEFT JOIN Comments c6 ON (c6.parent_id = c5.comment_id)

e _EFT JO N Comments c7 ON (c7 parent ic ‘= cé. comment |d),
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NENERTEES

Path Enumeration

® Store chain of ancestors in each node 4—7
for

good
breadcrumbs
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NENERTEES

Path Enumeration strengths

® Easy to query ancestors of comment #/:

SELECT * FROM Comments
WHERE ‘1/4/6/7/ LIKE path || ‘%’;

® FEasy to query descendants of comment #4:
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NENERTEES

Path Enumeration strengths

® Easy to add child of comment 7:

INSERT INTO Comments (author, comment)
VALUES (‘Ollie’,‘Good job!);

SELECT path FROM Comments
WHERE comment id = 7;
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NENERTEES

Nested Sets

® Each comment encodes its descendants
using two numbers:

® A comment’s left number is less than all
numbers used by the comment’s descendants.

° A comment’s nght number N greater than all
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NENERTEES

Nested Sets illustration

(1) Fran:
What’s the cause
of this bug!?

(2) Ollie: (4) Kukla:
| think it’s a null We need to check
pointer. valid input.

(3) Fran:
No, | checked for
that.

(6) Fran:
Yes, please add a
check.

(5) Ollie:
Yes, that’s a bug.

(7) Kukla:
That fixed it.




NENERTEES

Sets example




NENERTEES

Nested Sets strengths

® Easy to query all ancestors of comment #7:

SELECT * FROM Comments child
JOIN Comments ancestor
ON (child.nsleft BETWEEN ancestor.nsleft
AND ancestor.nsright)
| WHERE ChI|C| comment |d 7
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NENERTEES

Nested Sets strengths

ancestors

(1) Fran:

What’s the cause
of this bug!?

|4

(2) Ollie: (4) Kukla:
| think it’s a null We need to check
pointer. valid input.
|3

(6) Fran:
Yes, please add a

‘ ;";:;e ';e' ki
554 an | =« A -‘ Lat
~ 9 -"-_ L4
check.

(7) Kukla:
That fixed it.

ioele RS (3) Fran: il SR

; i TR VR R

Y No, | checked for RS
that.

(5) Ollie:
Yes, that’s a bug.



NENERTEES

Nested Sets strengths

® Easy to query descendants of comment #4:

SELECT * FROM Comments parent
JOIN Comments descendant
ON (descendant.nsleft BETWEEN parent.nsleft
AND parent.nsright)
WHERE parent comment |d 4
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NENERTEES

Nested Sets strengths

(1) Fran: Parent

What’s the cause
of this bug!?

H Al
. )

descendants

(2) Ollie: (4) Kukla:
| think it’s a null We need to check
pointer. valid input.

b b e 2 (3) Fran: T ! (6) Fran:
I No, | checked for | (3) Ollie: Yes, please add a
Yes, that’s a bug.

- G m - @

(7) Kukla:
That fixed it.




NENERTEES

Nested Sets problems

® Hard to insert a new child of comment #5:

UPDATE Comments

SET nsleft = CASEWHEN nsleft >= 8 THEN nsleft+2
ELSE nsleft END,
nsright = nsright+2

WHERE nsright >= 7;

L]
INSERT INTO Comments (nsleft, nsright, author, comment)
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NENERTEES

Nested Sets problems

(1) Fran:

What’s the cause
of this bug?

|6

(2) Ollie: (4) Kukla:
| think it’s a null We need to check
pointer. valid input.
|5

(3) Fran: (5) Ollie: (6) Fran:

No, | checked for [ G sty - 2 Yes, please add a
- I Yes, that’s a bug.

m check.
: (7) Kukla:

That fixed it.



NENERTEES

Nested Sets problems

® Hard to query the parent of comment #6:

SELECT parent.* FROM Comments AS c
JOIN Comments AS parent
ON (c.nsleft BETWEEN parent.nsleft AND parent.nsright)
LEFT OUTER JOIN Comments AS in_between
ON (c.nsleft BETWEEN in_between.nsleft AND in_between.nsright
AND in_between.nsleft BETWEEN parent.nsleft AND parent.nsright)
WHERE c.comment_id = 6 AND in_between.comment _id IS NULL;
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NENERTEES

Closure Tables

® Store every path from ancestors to
descendants

® Requires an additional table:

CREATE TABLE TreePaths (
ancestor BIGINT NOT NULL
"» e * i
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NENERTEES

Closure Tables illustration

(3) Fran:

e/

that.

(2) Ollie:

Q | think it’s a null

pointer.

: B No, | checked for P

(1) Fran:

What’s the cause
of this bug!?

(4) Kukla:

valid input.
‘&

(5) Ollie:
Yes, that’s a bug.

We need to check

\

v

(6) Fran:
Yes, please add a
check.

(7) Kukla:

That fixed it.
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NENERTEES

Closure Tables example

— What's the cause of this bug?
m | think it’s a null pointer.
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NENERTEES

Closure Tables strengths

® Easy to query descendants of comment #4:

SELECT c.* FROM Comments ¢
JOIN TreePaths t

ON (c.comment_id = t.descendant)
WHERE t.ancestor = 4;

» . c > T A T N P 2 S AgRd aviaa 3] AR T iy oy 23 S x B y
2 A%a bl DY S o X RYRREY Al A TR AR N P ¥ L A < SO la X i o e S AT wiea LA R T it (N s R e N i, 10 o pr A M L P e % g, MCRANS 20 SECRER IR b LN L W P
(25 R ) 24 e . T S TY ’(-?q!v:'.- s fl,‘v o B a2 O ’\_’ N TR Sk “‘" .--1.:‘-."_',‘_"-»)5_- s 443 Sy TR E ot s v L .-‘ ple B N Al o Tt L Al o Py ARy MO g T e e ..;3,.- -k A0 ”‘f;’;"
ot Wil A SR « e el TR P TR R P s eonl e G S TR S e Y R o e PR R, 1 ot o T SR e P > o5 b by S LR e g K- By 3 by S A o
wAREE PR Y ’ vl SID N LAy et e Ty g PPN e " N it SR L R SN ",”t".‘ P IR YL e e ','a\i_~?"’k'.‘($..j."e. EIAYE f}:' " Ty W T N L B & Ve R ETI XL BA, e Rl e T 2 2T
) T IR Y NI gV o, - Rl LN B e : o g )




NENERTEES

Closure Tables strengths

® Easy to query ancestors of comment #6:

SELECT c.* FROM Comments ¢
JOIN TreePaths t

ON (c.comment_id = t.ancestor)
WHERE t.descendant = 6;
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NENERTEES

Closure Tables strengths

® Easy to insert a new child of comment #5:

INSERT INTO Comments
VALUES (8, Fran’,’l agree!’);

INSERT INTO TreePaths (ancestor, descendant)
- SELECT ancestor, 8 FROM TreePaths
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NENERTEES

Closure Tables strengths

® Fasy to delete a child comment #7:

DELETE FROM TreePaths
WHERE descendant = /;
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NENERTEES

Closure Tables strengths

® Easy to delete subtree under comment #4:

DELETE FROM TreePaths WHERE descendant IN
(SELECT descendant FROM TreePaths
WHERE ancestor = 4);

° For MySQL TS multl-table DELETE syntax
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NENERTEES

Closure Tables depth
|ancestor| descendane| depth |

® Add a depth column to make it |
easier to query immediate |
parent or child: .

SELECT c.* FROM Comments ¢

]
—
ON (C comment id =t descendant)
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NENERTEES

Choose the right design







Magic Beans

e Objective:




Magic Beans

Model = Active Record?

® [he Golden Hammer of data access

® “Model” misused in MVC frameworks:

squonu | ,' H catalyst
6 COdeIgniter® SOLAR Cake .- e




Magic Beans

Model is-a Active Record?

Active
Record

_———_ Inheritance

Controller



Magic Beans

Problem: OO design

“Model” : Active Record - inh(elgitz)nce

® Model tied to database schema coupling
Nt el

o Product => Bug, OL s unclear ass:gnment
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Magic Beans

Problem: MVC design

K o €€ )
® Controllers need to know TM.I !

database structure

o Database changes requwe e oot DRY
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http://www.martinfowler.com/bliki/AnemicDomainModel.html
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Magic Beans

Problem: testability

T

tests are
® Harder to test Model without database slow

® Need database “fixtures” oo
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Magic Beans

Solution?




Magic Beans

Model has-a Active Record(s)

Record __——_ inheritance
cecd (IS-A)

Comments

Products

composition
—
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Magic Beans

Model characteristics

® Extend no base class

® Abstract the database




Magic Beans

Model benefit

® Models are decoupled from DB

® Supports mock objects

® Supports dependency injection




Magic Beans

Decouple your Models

® You can use this architecture
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