A Norma Form for XML Documents

n Overview of Relational Database Design Process
| Functional Dependencies and Normali zaion
a functional dependencies (FDs)
redundancy and update anomalies
a third normal form (3NF) and Boyce-Coddnormal form (BCNF)
a design algorithms for 3NF and BCNF

| Nested Normal Form for nested relations

n Norma Form for XML docuemnts
| redundancy and update anomalies for XML docuemnts
| functional dependencies
|  XNF: anormal form for XML documents
| adesgnalgorithm for XNF

This ®dionis based on the paper A Normal Form for XML Documents by M. Arenas
L. Libkin in Procealings of ACM PODS02.
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A motivation Example for Normal Form Relations

course |title student_id |Name |Major |Grade
391 Database | 1234 Saah |CS |9
391 Database | 4321 Tom CS 8
391 Database | 2345 Bill CS 7
201 Program | 1234 Sarah |CS 6
201 Program | 2345 Bill CS 5
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Motivation Example

StudentCourse = ( course, title, student_id, name, major, grade)
Student = ( student_id, name, mgor)

Course = ( Coursg, title)
Registration = ( course, student_id, grade)
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Functional Dependencies

n Functiona dependencies (FDs)

Let R be arelation scheme, and X1 RandY | R be setsof atributes.
Then the functional dependency

X® Y

holdson R if inany legal relation I, for all pairs of tuplestlandt2inT
LIXI=4[X] P t[Y] =t,[Y].

Example.  student id ® name
course, student_id --> grade
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Desirable Properties of Decomposition

n Minimizing redundancy
|  Boyce-Coddnormal form
| third normal form
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Boyce-CoddNormal Form

n A relationschemeR is said to bein Boyce-Coddnormal
form (BCNF) if for any nontrivial FD X® A which
hodsinR, Xisakeyof R, thatis, X® A hddsinR.
| no partial redundancy
| no transitive redundancy

n Let U be aset of attributes, F be aset of FDs, and D ={R1,
..., Rn} be adecomposition d U. Then D is said to be a
BCNF decompasition d U with resped to F if

| Risajoinlosslessdecompasition of U wrt F, and
| every relation schemeRi in D isin BCNF wrt F.
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n Example
Regist (Course#, Student#, Grade, Address Phone)
Isnot in BCNF since
Student# ® Addressholds but Student # is not a key
Course (Coursett, Prof, Office, Phone)
Isnot in BCNF because Prof ® Officeholds but Prof is not a key
But
{ (Coursett, Student#, Grade), (Student#, Adress Phone)} isaBCNF
decompaosition of Regist.

{ (Coursett, Porf), (Prof, Office, Phone)} isaBCNF decompaosition of
Course.
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Algorithm for BCNF decomposition

| nput

Output
Method

U: aset of attributes
F. asetof FDs
D: aBCNF decomposition of U wrt F

(1) D={U};
(2) whilethere existsarelation scheme Q in D that isnot in BCNF do
begin
find anontrivial FD X ® W that violates BCNF, i.e.,
X® WinFrand XWI Qand X -/® Q;
X*={A|Aisin(Q-X) and FEFX® A};
replaceQ in D by two schemes (X E X*) and (Q - X*)
end:

Note that it is NP-complete to determine whether a
relation scheme isin BCNF wrt F.
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NNF: A Norma Form for Nested Relations

n Functiona dependency and multi-valued
dependencies

n Path Attributes
n Minimizing redundancy and update anormalies

692 Normal Form for XML



Motivation Example for XML

<IDOCTY PE courses|
<IELEMENT courses ( course*) >
<IELEMENT course( title, taken by) >
<IATTLIST coursecno CDATA #REQUIRED>
<IELEMENT title (#PCDATA)>
<IELEMENT take by( student*)>
<IELEMENT student ( name, grade)>
<IATTLIST student sid CDATA #REQUIRED>
<IELEMENT name ( #PCDATA)>

<IELEMENT grade (#PCDATA) >
1>
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Courses

/\

course course
@cno title Taken_by @cno title Taken by
301 databasy \ 201 file / \
Student student student student

N NN /N

name grade grade
e S
Sarah 4321 Bill 7
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Motivation Example for XML

<IDOCTY PE courses|
<IELEMENT courses ( course*, student_info*) >
<IELEMENT course( title, taken_by) >
<IATTLIST coursecno CDATA #REQUIRED>
<IELEMENT title (#PCDATA)>
<IELEMENT take by( student*)>
<IELEMENT student( grade) >

<IELEMENT grade (#PCDATA) >
<IATTLIST student sid CDATA #REQUIRED>
<IELEMENT student_info( sid*, name) >
<IELEMENT numberEMPTY >
<IATTLIST number sid CDATA #REQUIRED>

<IELEMENT name ( #PCDATA)>
| >

692 Normal Form for XML

12



COUI’SGS

student Info  student_info

@cno title Taken by @cno Title Taken by / \ A
391 database 201 file @sid name @sd name
\ 1234 Sarah 4321 BiIll

Sudent  gudent  student student

YAV

@sid Grade ggq  Grade
1234 4321 1234 6 ?321 3
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Notations

n Asaime the foll owing digoint sets
| EL: the set of all element names
| Att: the set of all attribute names, starting with @
| Str: the set of all possble string valued attributes
| Vert: the set of node identifies

n A DTD (Document Type Definition) is defined to be
| D=(EA,P,R, 1), where
a E isafinite subset of EL

a A isafinite subset of Att

a Pisamapping from E to element type definiti ons, defined as foll ows
F P(t) =EMPTY or
F P(t) ;= empty sequence |t’ in E| P(t) union P(t) | P(t) P(t) | P(t)*
a Risamapping from E to the power set of A
| risinE astheroot element
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GivenaDTD D=(E,A,P,R,t), astringw =wl,...,wnis
aPATHInD if

I wl=r,

| wi Isinthe dphabet of P(wi-1), for eadiin[2, n-1], and

| wnisinthe dphabet of P(wn-1) or wn = @l for some @l in R(wn-1)
Asaimew isapath in D, length(w) is defined as n, and
last(w) aswn.
GivenaDTD D,

| Paths(D) stands for the set of all pathsin D,

| Epaths(D) stands for the set of all paths that ends with an element

type

DTD isreaursive if Paths(D) isinfinite.

692 Normal Form for XML

15



Exampl e <IDOCTY PE courses [

<IELEMENT courses ( course*) >
<IELEMENT course( title, taken_by) >
<IATTLIST course cno CDATA #REQUIRED>
<I[ELEMENT title (#PCDATA)>

<IELEMENT take by( student*)>

<IATTLIST student sd CDATA #REQUIRED>
<IELEMENT name ( #PCDATA)>
<IELEMENT grade (#PCDATA) >

] >

The followings are pathsin D
COUrSes,
courses.course
Courses.course.@cno
courses.course.title
courses.course.title.S
courses.course.taken by
courses.course.taken_by.student

692 Normal Form for XML

courses.course.taken_by.student.@sid
courses.course.taken_by.student.name
courses.course.taken _by.student.name.S
courses.course.taken_by.student.grade
courses.course.taken by.student.grade.S
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n An XML treeT isdefined to be atree(V, lab, ele, att, roat),
where

V isafinite subset of Vert ( nodkes)
lab: V =>EL

ee V =>Str U v*

att isa partia functionV x Att => Str
root inV iscdled theroot of T

n Givenan XML treeT, astringwl ... wn, wherewith wi, I<
n-1,in EL, andwnisintheunion d El, Att, and {S}.

Thestring isapathin T if tehre are verticesvl, ..., vn-1inV such
that

a vl=roat, vi+lisachildof vi for | <=n-1, lab(vi) =wi for | <=n-1
a if wnin El, then thereisa diild vn ofv n-1 such that lab(vn) = wn.
a If wn =@l then att(vn-1, @l) is defined

a if wn=S (#PCDATA) then vn-1 hasa dild in Str.
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n T iscompatiblewith D if and ony if
| paths(T) is asubset of paths(D)
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Tree Tuples

n XML treesare defined as sets of treetuples

n GivenaDTD D=(E A,P,R, 1), atreetupletinD s
defined as afunction from paths(D) to Vert U Str U {null}
such that

For p in EPaths(D), t(p) isinVert +{nul} , and t( r) =/={null}
For p in paths(D) = EPahths(D), t(p) isin Str + {nuil}.

If t(pl) =t(p2) and t(pl) isin Vert, then pl = p2

If t(pl) = null, and plisaprefeix of pl, thent(p2) = null.

{ pinpaths(D) | t(p) =/=null } isfinite.

n T(D)isdefined to bethe set of all treetuplesin D.
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<IDOCTY PE courses|

Example <IELEMENT courses ( course*) >
<IELEMENT course( title, taken hy) >
<IATTLIST course cno CDATA #REQUIRED>
<IELEMENT title (#PCDATA)>
<I[ELEMENT take by( student*)>
<IATTLIST student ssd CDATA #REQUIRED>
<IELEMENT name ( #PCDATA)>
<IELEMENT grade (#PCDATA) >

] >

The followings are pathsin D
t(courses) = VO
t(courses.course) = v1
t(courses.course.@cno) = 391
t(courses.course.title) = v2
t(courses.course.title.S = database
t(courses.course.taken by=v3
t(courses.course.take by.student) =v4

t(courses.course.taken_by.student. @sid) =1234
t(courses.course.taken by.student.name) = v5
t(courses.course.taken by.student.name.S) = Sarah
t(courses.course.taken by.student.grade) = v6
t(courses.course.taken by.student.grade.S) =9
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692 Normal Form for XML

he XML tree for thisonetreetuple

vO
vl
391 V2 V3
1234 v5 v6
Sarah 9
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n Important Results:

| GivenaDTD Dandan XML treeT suchthat T
conformswith D. Then T can be represented by
a set of treetuples, If we consider it asan
unordered tree

692 Normal Form for XML -



Functional Dependencies

n Let D be aDTD, Sl and S2 arefinite non-empty subsets of
paths(D).

| A functional dependency FD over D is an expresson of the form
Sl --> 2

| An XML treeT satisfies S1 --> S2 if for every pair of treetuples
t1, t2 in tuples(T),

atl.Sl=12.52andt.S1 =/=null impliest1.S2 =12.32.
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Example
<IDOCTY PE courses [
<I[ELEMENT courses ( course*) >
<IELEMENT course( title, taken_by) >
<IATTLIST course cno CDATA #REQUIRED>
<IELEMENT title (#PCDATA)>
<I[ELEMENT take by( student*)>
<IATTLIST student sd CDATA #REQUIRED>
<IELEMENT name ( #PCDATA)>
<IELEMENT grade (#PCDATA) >

The foll owings are pathsin D 1>

COUrses,
COUrses.course

courses.course.@cno
courses.coursetitle
courses.coursetitle.S
courses.course.taken by
courses.course.taken_by.student
courses.course.taken by.student. @sid
courses.course.taken by.student.name
courses.course.taken by.student.name.S
courses.course.taken by.student.grade
courses.course.taken by.student.grade.S
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Example: Paths(D)

courses
COUrses, course

COurses.course

Courses.course.@cno / \
courses.course.title

courses.courseditle.S @cno titte  Taken by
courses.course.taken_by

courses.course.taken_by.student

courses.course.taken by.student.@sid S student
courses.course.taken by.student.name / \
courses.course.taken_by.student.name.S

courses.course.taken_by.student.grade @sd name  grade
courses.course.taken_by.student.grade.S ‘ ‘

S S

692 Normal Form for XML -



Example courses

course
@cno tit‘l e Taken by
Constraint: S /ﬂudent\
cno isakey of course @sd  name g‘rade
FD1. s S

COUr Ses.cour se.@cno --> cour ses.cour se
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Consider asample XML TreeT1

courses
391 tltI el Taken byl 399 titl e2 Taken_by?2
file
e \ / \
;Jiden\tl student2 studen3t student4
1234 namel
gradel 4321 grade21234 name4
| 8 | ‘
Sarah 9 Bill Sarah 7 Bill |6
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The orre sponding flat tablefor T1

Cno Title SID Name |Grade
391 database | 1234 Sarah |9
391 database | 4321 Bill 8
291 file 1234 Sarah |7
291 file 1234 Bill 6
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The following are the only two treetypleswith cno=c391in T1

COUrses
COUrses
Coursl
/ \ coursel
titlel / : \

database  gydentl database <tydent2

N I

1234 namel gradel 4321 name2 grade?

Sarah 9 Bill 8
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Consider another XML TreeT2

courses
391 tltI el Taken byl titl e2 Taken_by?2
file
database \ / \
;Jiden\tl student2 studen3t student4
1234 namel
gradel 4321 grade21234 name4
| | name2 names 9 | = 21 o
| 8 |
Sarah 9 Bill Sarah 7 Bill |6
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The correspondng flat table for T2

Cno Title SID Name |Grade
391 database|1234 |Sarah |9
391 database | 4321 Bill 8
391 file 1234  |Sarah |7
391 file 1234 Bill 6
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The following are two tree typles with cno= c391in T2

Courses

coursel

I

c391 tittel  Taken byl

database stu

/

dent1

N

1234 namel gradel

Sarah 9
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course2

c391 ti

file

AN

tte2  Taken by2

student4

IR

4321 named graded

Bill 6
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n Observation
| Both T1land T2 conformtotheDTD
|  T1 satisfiesthe FD

a COUFSGS.COUFSG.@CHO --> COUr ses.cour se
| T2 does not satisfy the above FD
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Exampl € Ccourses

course

@cno title Taken by
S Student\
Constraint: @sd name  grade
two distinct students of the same @urse \ ‘
cannot havethe same sid S S

FD2:

{ courses.cour se, cour ses.cour se.taken _by.student.@sid}
--> courses.course.taken by.student
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Example coUrses

course

@cno title

Constraint:
two students with the same sid must have
the same name

FD3:
courses.course.taken by.student.@sid -->
courses.course.taken by.student.name.S
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student

name

grade
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XNF: An XML Norma Form

n GivenaDTD,andaset Fof FDs, (D, F)isin
XML normal form (XNF) if and anly if for every
nontrivial FD of theform S-->p.@l or S-->
P.S, Itisthecasethat S->p isimplied by F.

n Intuition

| For every set values of the dementsin S, we can find

only onevalue of p.@I. Thus, we nedl to store the value
only onre.
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Consider the foll owing example again

courses
391 tltI el Taken_ byl 591 titl e2 Taken_by?2
file
s \ / \
;Jiden\tl student2 studen3t student4
1234 namel
gradel 4321 grade21234 name4
| | name2 names 9 | = 21 graded
| 8 | ‘
Sarah 9 Bill Sarah 7 Bill |6
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We have FD3:
courses.course.taken by.student.@sid -->
courses.course.taken by.student.name.S

But the foll owing does not held:
courses.course.taken by.student. @sid -->
courses.course.taken_by.student.name

Thisimpliesthat the student name for a given sid,

the document may have multiple wmpies of student
name.
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Relationships with ather normal forms

n Assume astandard coding between tables and XML
documents

| A relation schemainin BCNF if and only if its
XML counter part isin XNF

n Assume astandard nesting operations and coding

| A nested relation isin NNF if and anly If its
XML representation isin XNF.
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Normalization Algorithm

n Two basic operations
| Moving attributes
| Creaing rew element types

n GivenaDTD D andaset F of FDs
| If (D, F)isin XNF, return

| Otherwise find an anomalous FD and use the two basic operations to
modify D to eliminate the anomalous FD,

| Continue the aove stepsuntil (D, F) isin XNF.
n Thenormalization agorithm is efficient and join-losdess
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