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The Superimposed System-Information
Browser

* Allows a system (network) administrator to
browse information about computers in a
network

- Applications installed and the modules they use
- Updates applied
- Errors recorded/reported

- Application, system, and security events logged
- User observations/comments
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I Superimposed System Information Browser - ComputersiC1iEvents

The Browser

File Edit Wiew
Computers D ate | Time | K.ind | Source | Description
=-C1 J0-Jul0d 0807 PM Spz..  Service Control bManager The McShield zervice was successfully
A0-Jul0d 0607 PR Sys..  Service Control M anager The McShield service entered the stopr
Erorz 30-Jul-04 DO PM  Sps.. USER3Z The process winlogon. exe has initiated
Updates A0-Jul-04  0B:06 PR Sys..  Automatic Updates The dezcription for Event 10 [ 21 Jin Sc
2 A0-Jul04 0606 PR Sys..  Automatic Updates The dezcription for Event 10 [ 19 ]in 5c
A0-Jul-04 0604 PR Sys..  Automatic Updates The dezcription for Event 10 [ 17 ]in 5c
Events 30-Jul0d 0548PM Spz.. Service Control Manager The IMAPI CO-Burning COM Service ze
C1 A0-Jul0d 0547 PR Sye.. Service Control Manager The IMAFI CO-Buming COM Service sc
c2 A0-Jul0d 0547 PR Sys.. Service Control M anager The IMAFI CO-Burming COM Service sc
Errors A0-Jul-04  0315PM Spz..  Service Control Manager The IMAFI CO-Burming COM Service se
| A0-Jul0d  0F15PM Sy Service Control b anager The IMAFI CO-Burming COM Service s¢
e A0-Jul-0d 0315 P Sy Serv!ce Control banager The [MAP] ED-Eum!ng COb Sew!ce E
Updates A0-Jul-04 03104k Sype. Serv!ce Control banager The [MAP] ED-Eum!ng COb Serv!ce E
J0-Jul04  03104M  Spz..  Service Control Manager The IMARPI CO-Burning COM Service z¢
C1 A0-Jul0d 03104 Sye.. Service Control Manager The IMAFI CO-Buming COM Service sc
L A0-Jul0d 06:304AM  Sye..  Service Control M anager The IMAFI CO-Burming COM Service se
A0-Jul0d 0B:E04AK Sy Service Control M anager The IMAFI CO-Burming COM Service s¢
A0-Jul04  0B:E0AR Sy Service Control b anager The IMAFI CO-Burming COM Service s¢
29Jul-0d 1238 PM Sys.. Service Control M anager The IMAPI CO-Buming COM Service =e
29Jul-0d 1238PM Sye.. Service Control M anager The IMAPI CO-Buming COM Service =e
29-Jul0d4  12:38PM Spz..  Service Control Manager The IMARPI CO-Burning COM Service z¢
29-Jul0d  02164AM  Sys.. Service Control Manager The McShield service entered the runni
< >

15933 itemns read from file.

Computer;

Fetneved: 10416,
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A Conceptual Schema’

* All entities have key attribute ID (not shown); all relationships are many-many

Date
. Time

Observation ' Update
bate Computer : Title
Time ’ .
Text Relates to Name Applied on Description

Reason
User
Applies to
Occurson
Logged on RUNS on
Event Error

Date Date A pplies t o

Time Time pphes to Application

Kind Source Name

Source Description

Description Notes

Relates to Involves Uses
Module
Name
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Event
Date
Event Lo e
Kind
) o Source
Date Time Source Description Description
Ed Microsoft Excel - C1SystemEvents
File | Edit  Wigw Insert| Format Tools Data Window | Help - @ X
¥ | 8 [ V¥c |DJE[F[G[H] V¥ | =
G930 7020040 5:08:14 PM | Evertlo Irdor Mon BO0S | LIE G| The Ewent log service was started. b
G031 7202004 5:08:14 PM Evertloy Irfor Mon G009 LIME CT| Microsoft (R) Windows (R) 507, 2600 Service Pack 1 Uniprocessor Free. e
G320 TAE02004 ) 5:08:14 PM | Tepip Irfor Mon 4207 | LM G| The syatern detected that network adapter CMet PROZ00WL PC1 Fast Ethernet Adapter wias connected -
G933 7020040 50725 PM | Evertlog Irfior Mon BO0R | LIE G The Ewent log service was stopped.

G340 TE02004 0 5:07:04 PM | Service Control b Infor Mon 70359 WT #C1 The McShield zervice waz succezshully sent a stop control.

S35 TA020040 5:07:02 PM | Service Control b Infor Mon 7036 LINA C1 The McShield zservice entered the stopped state.

936 TA02004 50650 PM USERIZ Infior Mon 1074 MT 2 1| The process winlogan exe haz intizted the restart of C1 for the follmning reazon: Mo file for this reazon coub
937 | Minor Reazon: O

S35 Shutdown Type: reboot

Y939 | Cormment:

FRE2004 S065E PM Automatc Updat Infio -2 21 LM G The descriplion for Event 1D (21 3 in Source { Automatic Updates 3 cannot be found. The local
computer may not have the necessary registry information or message DLL files to display
messages from a remote computer. You may be able o use the JALXSOLIRCE= flag to
retriene this description; see Help and Support for details. The following information is part of
the event: - Cumulative Security Lpdate for Internet Explorer & Service Pack 1 (KB2E7E017.

Q41 TE02004 0 5:06:53 PM | Avtornatic Update: Infor -2 19 LINA G The description for Ewent 10 {19 1in Source [ Automatic Updates ) cannot be found. The local computer ma

Q42 TE02004 0 5:04:53 PM | Auvtornatic Update: Infor -2 17 LINA 1 The description for Ewent 1D {17 1in Source [ Automatic Updates ) cannot be found. The local computer ma

QA3 TAANA T A-AR0T PR Cakaiea Coedeal b ledar Bloe TO3E LI T The IMAP] Do Possives 0P Sopoieg camsica artarad tha ctonmad ot hl
4 4 » » ] ClSystemEvents / J | v

Some structural variations exist, but information is neatly

In a table
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Error
Date

Error Reports

Source

_ o Description
Date Time Description Notes

Tools  Table ‘Windpw  Help

A=l

Time: 372172003 15:44 ‘L’
Type: Application Errar

Details: Faulting application explorer.exe, version B.0.2800.1106, faulting module ntdll dll,
5.1.2600.1106, fault address Ox0002f727 840000 d; &#000 3,

Time: 37212003 15:44
Type: Application Error

Details: Faulting application explorer.exe, version B.0.2300.1106, faulting module msonsext.dll,
10.145.35810.0, fault address DHDDDEDﬂE?V%#}{DDDd Ef000 3,

= o[5= | o)

Page 1 Sec 1 1/1 AL 0.8" lm 1 ol 1 English (.5 [C3

Uniform structure, but mapping is not clean: Date and

Time are both in Time field
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Update

Title
l ' d ate Description
Reason
Title Description Reason
% Updatesiister.ml
SO03-008: Flaw in Windows Script Engine may =
<T tle)Blﬂv: Security Update (Microsaft Jacript version 5.6, Windows 2000, Windows XPj</Titler allow coede Lo rmm
<Descriptiohrd security issue ... Once you have installed this item, it cannot be removed.</Desc On ‘this: Page
e Eriche [ el ]
<HBIDA14NTB¢/ > Caime castAmew : Sepmember 28, 2004
<SupportURLxhctp:// support. wierosoft, com?kbid=514078+</ SupportURLy . i._:_ il ) e =
</ pdates — y :
S WD T S
<Update> Ar wrimche Ay Bsp o e ekl rln.r.-:--: % ok Eregmres O r\.c-r\-rr-—ﬂ?.-;.l|‘ll-l1-:;r.l:|l-
sk, Mol Sl Dy @ ASS. renes OillE O e SRRt DN a0 el met D0 sl i
<Title>B14033: Critical Update{ij_tlE} v aachmr cam Feot ther svwk flcw o o8 EES etk 5 ansd e page Seecth = e aier Sy el
ﬂ \ CL SR .
Ther peabdar oS becmes of & e on Hie map et Weedom s Song®t Eagees o X0t
= 2e i - o e
B |6 Dta -
FE SO U TION

2 resches Sy prohlers, siteen e bl sevicn pocs For Mo e Wrstees S0 For sddmrsl =
L >

1 R Tt

Data is heterogeneous and distributed: some data In
XML, some in HTML

Structure varies: support URL not always defined, HTML
page structure varies widely
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Observations

Heterogeneous data models and schemas

- Event logs are in MS Excel spreadsheets, Error
reports in MS Word documents

Distributed sources

- Master list of updates is on the LAN, support
pages are on the web

The various data are interconnected
- Qutlook errors stopped after SP2 was applied

The conceptual schema hides the
heterogeneity and distribution, yet allows us
to navigate the interconnections
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The Problem

 The conceptual schema hides foo much

|t does not make explicit the presence of
external entities (base information) and the
references to those entities (marks)

- One conseguence: any logical schema generated
IS Incomplete (with respect to representation of
Information referenced)
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The Proposal

« Use a relationship pattern language to
represent the use of marks

26-Oct-05

|dentify and describe contexts for relationship
patterns

Define schema-level and instance-level
constraints

Fix syntax and semantics of relationship types
Describe consequences of relationships
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Outline

 Motivation
e Some alternative solutions
* Overview of relationship patterns

« A relationship pattern language to represent
the use of marks

e Conversion to logical model (relational model)

e Querying
e Summary
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Model use of Mark as a Relationship

Aircraft Route
D D
Range Assign Distance

e Semantics of a relationship are mostly
Inferred from its name (and the definition of
participating entities)

- ‘Assign’ relates aircrafts and routes, but under
what conditions should they be related?

* The traditional relationship does not
completely capture the semantics of a mark

- We need to distinguish between /nter-layerand
intra-layer relationships
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ER Relationships Require Entities

 ER relationships are between entities, but
sometimes an attribute carries a reference
(e.g., Update.Title)

* Promoting attributes to entities, to show
relationships, can cause entity proliferation
(reduces comprehension)

- The example schema has 12 such attributes

e Sometimes a group of attributes share a mark
(e.g., Error.Date and Error.Time)

- Can be hard to define a key for an entity created
for a group of attributes
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Attribute Value

* In ER, no dereferencing is involved In
obtaining an attribute’s value, but obtaining a

value from an attribute that uses a mark

Involves dereferencing
- E.g., Update.Title is the text excerpt of a mark

* Introducing a new domain such as ‘Mark’

does not suffice
- We need to be able to distinguish between a value
that is a mark and a value obtained using a mark

26-Oct-05 Using Relationship Patterns to Model Superimposed Information 14



Supported Relationships

 Some relationships
have support

- An error applies to an
application based on
iInformation in the details
of the error report

« Traditional
representation would
use a relationship
attribute

26-Oct-05

Error

Date

Time
Source
Description
Notes

Applies to A pplication

Name

a Errar reports far compudar 0, doe - i soft Wierd
B Edt  Wesw [t Fomest  Took  Tab Weindcis  Help
I aEOEm & BT omos -

KBl

T B e M [ B e

|"|_1: "

Thme: 32,2003 15:44
T Apphicalinm Eamis
Dataiks; Fauling apphcalio explorer aag,
&1 26001108, faul address OS99 L

araion B.OAEN01106, faubng modde nidildl,
U00 o, £t 0 0a;

Time: 32,2003 15:44

Typea: Application Emr :

Detalis: Fadting spplcation axplonereme, werson & 0028001 108, fauling modula msorsadt di H

1014538100, feull addrase D=000E04:7 EpaO00d, Eta D005, '
[ - 1EEE |
Fuge | Sac 1 111 AL D" e 1 Cod 1 Engisnns K
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* Bowers, et a. Superimposed Schematics: Introducing E-R Structure for In-Situ Information Selections.

Superimposed Schematics’

"'.I S hamaebics Brawse

e A S UpEf I/77,005 6’0’ [ e ﬁﬂ??ﬁ;ﬁ;ﬁ?; |

schematicis an ER e (B
schema over base e >
Information [ e o =

* One mark may be \ .
associated with an entity | = i
or a relationship temsn o e——

bl e oo arakeb s depthoeie Sl EsrOdEned
de= T e — § sl W] e e AN O ke e b

* Relationships cannot e § Eros e
have attributes
I B o7 M s B T W | MG Sans Saif|

 Introduces a Markvalue ([T e s o e ot |

povsmmant-n-goveinment bass concsming schiabies
Fusl may allect e

type (?) e

chbostions
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Our Approach

 Represent the use of a mark as a relationship

 We use relationship patterns to represent the
use of marks

- We define a relationship pattern language (a set of
relationship patterns)

 No need for a ‘mark’ attribute or value type
- That type can be added orthogonally
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* Murthy, Maier. A Framework for Relationship Pattern Languages. 2005.

Relationship Patterns

» A relationship patternis an abstraction of
recurring needs or problems when
establishing relationships in a context; it can
also be a suggested solution to the problems
identified

» A relationship pattern is similar to a software
pattern, except it is focused on relationships

» Like software patterns, inspired by the notion
of patterns in architecture
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Example: The Predicated Relations

Aircraft

E
Range

nip Pattern

Assign (Range > 1.25*Distance)

Route

E
Distance

<type>(<predicate>)
e <type> is name of a relationship type;

<predicate> is a pre-condition for a
relationship instance

 E.g., An aircraft can be assigned to a route
only if it can fly at least 25% farther than the
route’s distance

26-Oct-05 Using Relationship Patterns to Model Superimposed Information 19



Example: The Computed Relationship Pattern

Aircraft Route
D D
Range Computed:Assign (Range > 1.25*Distance) |Distance

Computed:<type>(<predicate>)

* Relationship instances are computed (not
stored)
- Traditionally, relationship instances are stored

e Relationship must not have attributes, or they
must be computable

* Creates the Computed fypespace
- Atypespace Is a set of related types

26-Oct-05 Using Relationship Patterns to Model Superimposed Information 20



Relationship Sighatures

« A relationship pattern defines a syntax to
create the three text parts of a relationship

type: names of typespaces and types, role
names, structure of cardinality constraints

e Each of these three parts is defined using a
signature (formally a grammar)

- E.g., <type>(<predicate>) is a type signature

* The three signatures together are called the
relationship signature

26-Oct-05 Using Relationship Patterns to Model Superimposed Information 21



Why Use Relationship Patterns?

e Solve a kind of problems once
« Describe many relationship types at once
o Understand many relationship types at once

e Customize

- Define how relationships are treated in various
stages of the information life cycle

e Leverage known patterns

- Following a pattern well-understood can ensure
consistency and increase acceptance

26-Oct-05 Using Relationship Patterns to Model Superimposed Information 22



Benefits when Representing Use of Marks

* Provide visual representation of the use of
marks

* Any model element can be associated with
marks (zero or more marks)

 Distinguish between a mark as a value and
the use of a mark

 Provide a means to generate logical schema
for superimposed and base information

- Enables bi-level guerying (over superimposed and
base information, as if they are at the same level)
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Representing the Use of Marks

26-Oct-05 Using Relationship Patterns to Model Superimposed Information
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e Entity

Where can a Mark be?

- E.g., Event
e Relationship

- E.g.,

‘Applies to’

« Entity and relationship attribute
- E.g., Update.Title and AppliedOn.Date

26-Oct-05

Using Relationship Patterns to Model Superimposed Information

25



Modeling Marks

 The Mark entity models a mark

- The ID attribute uniquely identifies a mark; all
marks support the function resol/ve

- The use of a mark is shown as a relationship with
this entity
» All /nter-layerrelationships are between a
superimposed entity and the Mark entity

- Intra-layerrelationships are between entities in a
single layer: superimposed layer or base layer

- Our focus Is on inter-layer relationships

26-Oct-05 Using Relationship Patterns to Model Superimposed Information 26



The Entity-Mark Pattern

Event

Date ) _
Computer Logged on Time EMark:EventDetail 1 Mark
Name Kind ID

Source

Description

 The EMark typespace contains relationship
types that associate entities with marks

 EventDetall associates an Event entity with a
mark

* ‘Logged on’ is a traditional relationship type
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Entity-Mark Detalils

« Type Signhature
EMark:<type>

e Constraints

- Entity type and degree: Any superimposed entity
type; any number of superimposed entity types

- Cardinality: Any
e Semantics
- Superimposed entities are associated with marks

 Consequences

- Conversion to relational model presented later
26-Oct-05 Using Relationship Patterns to Model Superimposed Information 28



The Attribute-Mark Pattern

AMark:ErrorTime(Date, Time)

Error

0 Date
Computer Cccurs on | rime

Name Source ID
Description
Notes

. i intion)1
AMark:ErrorDetails(Description) Mark

 The AMark typespace contains relationship
types that associate attributes with marks

e ErrorDetalls associates the Description
attribute with a mark

e ErrorTime associates attributes Date and
Time with one mark

26-Oct-05 Using Relationship Patterns to Model Superimposed Information 29



Attribute-Mark Detalls

e Type Sighature
AMark:<type>(a,, a,,..a,)

e Constraints
—a,,a,,..a, (N>0) are distinct attributes of a
superimposed entity
e Semantics

- All attributes specified are associated with the
same mark (or same bag of marks if cardinality is
greater than 1)

- Associating an attribute with a mark does not
mean its value is obtained using the mark

26-Oct-05 Using Relationship Patterns to Model Superimposed Information
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Combining AMark Relationship Types

Error

Date AMarks:Error({Date, Time}, {Description})
Computer Occurs on Time 1

Name Source ID
Description
Notes

 The AMarks typespace lets you “combine”
many AMark relationship types that involve

the same entity type (but imposes a common
name, and cardinality constraints)

* The ‘Error’ relationship type associates the
Date and Time attributes with one mark, and
the Description attribute with one mark
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AMarks Detalls

« Type Signhature
AMarks:<type>(A;, A,,..A))

e Constraints
— ALA,, A, (n>0) are non-empty, disjoint sub-sets
of the attributes of a superimposed entity

- Attribute sets may be indicated using braces or
parentheses

e Semantics

- Each set of attributes is associated with one mark
(or a bag of marks)
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Deriving Attribute Values from Marks

Update

Title
Description 1 |ID
Reason

V AMarks:UpdateDetail( (Title), (Description), (Reason) ) Mark

« An attribute might a/ways derive its value
from a mark’s context (e.g., excerpt)

« The VAMark and VAMarks typespaces define
relationship types for this purpose

 UpdateDetall associates the value of each of
the attribute Title, Description, and Reason
with the context of a mark
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VAMark Detalls

« Type Signhature
VAMark:<type>(a,, a,,..a,)

e Constraints

—a,,a,,..a, (N>0) are distinct attributes of a
superimposed entity

- Cardinality must be 1 (single-valued attributes)
e Semantics

- Allattributes specified are associated with one
mark, and their values are derived from that
mark’s context

« Consequences: Requires casting/type checking
26-Oct-05 Using Relationship Patterns to Model Superimposed Information 34



VAMarks Detalls

« Type Signhature
VAMarks:<type>(A;, A,,.A))

e Constraints
— ALA,, A, (n>0) are non-empty, disjoint sub-sets
of the attributes of a superimposed entity
- Cardinality must be 1

e Semantics
- Each set of attributes is associated with one mark

- Use of context is similar to that in the VAMark
typespace
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* Ramakrishnan and Gehrke. Database Management Systems, 3rd Ed.

The Relationship-Mark Pattern

I
_ : Update . I

Computer Applied on 1| Title Applies to Application | 1
- I

Name | | Description Name |
1 | Reason 1

« Aggregate” the relationship to be associated
with marks (called supported relationship)

 Add an RMark relationship with the aggregate

 The ‘AppliesTo’ relationship type is first
aggregated. RMark:Application associates
the aggregate with marks
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Avoiding Drawing Aggregates

Update
Computer Title

Name Description
Reason

Applied on Applies to Application

Name

RMark:Application

Mark
ID

 We draw a dotted line from the supported
relationship (e.g., ‘Applies to’) to the Mark
entity instead of drawing an aggregate entity

- The dotted line clarifies that the degree of the
supported relationship is unchanged
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Relationship-Mark Detalls

« Type Signhature
RMark:<type>

« Constraints on the supported relationship
- Can be inter-layer or intra-layer
- Can be of any type, degree, and cardinality
- Can have attributes
e Constraints on RMark relationship type
- Always binary
- Can have attributes

26-Oct-05 Using Relationship Patterns to Model Superimposed Information
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* An update log stores details of applications of updates to computers

Associating Relationship Attributes with Marks

RAMark:UpdateLog(Date, Time)

Date 1 Mark
Time ID
1
I
: Update
Computer | Title
Name Applied on Description
Reason

« The RAMark typespace contains relationship

types that associate relationship attributes
with marks

 UpdateLog™ associates both attributes Date
and Time with one mark
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RAMark Detalls

« Type Signhature
RAMark:<type>(a,, a,,..a,)

» Constraints
—a,,a,,..a, (N>0) are distinct attributes of a
superimposed entity
e Semantics

- Allattributes specified are associated with one
mark (or a bag of marks)

- Associating an attribute with a mark does not
mean its value is obtained using the mark

26-Oct-05 Using Relationship Patterns to Model Superimposed Information
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RAMarks Detalls

« Type Signhature
RAMarks:<type>(A;, A,,.A))

e Constraints
— ALA,, A, (n>0) are non-empty, disjoint sub-sets
of the attributes of a superimposed entity

- Attribute sets may be indicated using braces or
parentheses

e Semantics

- Each set of attributes is associated with one mark
(or a bag of marks)
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* EMark, AMarks, VAMarks, and RAMark relationships are many-1; other relationships are many-many

Revised Conceptual Schema’

RAMark:UpdateLog(Date, Time) Mark

Date
Time ID
Observation T
Dat 1 Update
ate .
Time Computer : Title
Text Relates to Name Applied on Description
User Reason
VAMarks: ateDetail((Title),
(Description), (Reason))
Appliesto | Mark
Logged on Occurs on D
RUNS ON RMark:Application
Event Error
Date AMarks:Error((Date, | pate
Time EMark:EventDetail Mark Time), (Description)) | time Application
Kind ID Source Applies to Name
Source Description
Description Notes
Relates to Involves Uses

Module
Name
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Conversion to Relational Model

26-Oct-05 Using Relationship Patterns to Model Superimposed Information
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Converting the Mark Entity

 The Mark entity type Is represented as a table
with attributes such as
- ID: Integer (key)
- CreatedOn: Date
- CreatedBYy: String
- CreateAt: String

e The attributes are derived from the SPARCE
mark descriptor

26-Oct-05 Using Relationship Patterns to Model Superimposed Information 44



*Elmasri, Navathe. Fundamentals of Database Systems, 4th Ed.

Converting EMark Relationship Types

« Convert the relationship type and the
superimposed entity type using the traditional
procedure”

* Derive the name for the foreign-key attribute
that references Mark.ID from the name of the
relationship type.

- E.g., EMark _EventDetall
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* Added ID attribute (for all relations). Altered names of attributes Date and Time

Example EMark Conversion

CREATE TABLE Event
( ID Integer NOT NULL PRIMARY KEY,
EDate Date, ETime Time,
Kind CHAR(D),
Source VARCHAR(25),
Description VARCHAR(255),

EMark EventDetainl Integer NOT NULL
REFERENCES Mark(1D)

) Event

Date
Computer Time

Name Kind ID
Source
Description

Logged on EMark:EventDetail 1 Mark
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Converting AMark(s) Relationship Types

 AMark: Convert the relationship type and
superimposed entity type using the traditional
procedure

e AMarks: For each set of attributes In the
parameters

- Follow the procedure to convert AMark
relationship types

26-Oct-05 Using Relationship Patterns to Model Superimposed Information 47



Example AMarks Conversion

CREATE TABLE Error
( ID Integer NOT NULL PRIMARY KEY,
EDate Date, ETime Time,

AMark Error DT Integer NOT NULL
REFERENCES Mark(ID),

Source VARCHAR(25),

Description VARCHAR(255),

AMark Error Desc Integer NOT NULL
REFERENCES Mark(ID),

Notes VARCHAR(255)

) Error
Date AMarks:Error({Date, Time}, {Description}):L

Computer | Occurson | L. Mark

Name Source 1D

Description

26-Oct-05 Using RelationshigePatterns to Model Superimposed Information
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*The procedure might not preserve key constraints if akey attribute is associated with a mark

Converting VAMark Relationship Types®

* Follow the procedure to convert AMark
relationship type

 Replace each attribute associated with a
mark, with an integer attribute

- The replacement attribute stores the ID of the
context element that supplies the original
attribute’s value

- Alternative: remove the attribute, specify the
context element ID in view definition (if value is
always derived from the same context element)

e Deflne a view
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* Alternatively, context element 1Ds can also be directly specified in the view definition

Defining a View

 The schema of the view matches the entity’s

 For each attribute associated with a mark,
embed call to the function context

- The attribute that represents the associated mark
supplies the mark 1D

- The attribute that represents the associated
context element supplies the context element ID”

 We assume the view inserts a NULL value in
case of a type mismatch (possible if function
contextreturns an incompatible type)
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Converting VAMarks Relationship Types

e For each set of attributes in the parameters

- Follow the procedure to convert VAMark
relationship types
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Example VAMarks Conversion

CREATE TABLE Stored Update
( ID Integer NOT NULL PRIMARY KEY,
VAMark TitleCEIm Integer,

VAMark Title Integer NOT NULL
REFERENCES Mark(ID),

VAMark DescCEIm Integer,

VAMark Desc Integer NOT NULL
REFERENCES Mark(ID),

VAMark ReasonCEIm Integer,

VAMark Reason Integer NOT NULL
REFERENCES Mark( I D) VAMarks:UpdateDetail( (Title),

(Description), (Reason) )

) Update
Title Mark

Description 1 1D

Reason
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Example View Definition

CREATE VIEW Update (ID, Title,
Description, Reason) AS

SELECT

ID,

context(VAMark Title, VAMark TitleCElIm),
context(VAMark Desc, VAMark DescCElm),
context(VAMark Reason, VAMark ReasonCEIm)
FROM Stored Update

e context is a user-defined function
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Example Alternative VAMarks Conversion

CREATE TABLE Stored Update

( ID Integer NOT NULL PRIMARY KEY,

VAMark Title Integer NOT NULL
REFERENCES Mark(ID),

VAMark Desc Integer NOT NULL
REFERENCES Mark(ID),

VAMark Reason Integer NOT NULL
REFERENCES Mark(ID)

Update

Title
Description
Reason

VAMarks:UpdateDetail( (Title),
(Description), (Reason) )

Mark

1
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Example Alternative View Definition

CREATE VIEW Update (ID, Title,
Description, Reason) AS

SELECT

ID,

context(VAMark Title, el),
context(VAMark Desc, e2),
context(VAMark Reason, €3)
FROM Stored Update

e el, e2, e3 are IDs of context elements
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*Cardinality of the RMark relationship typeis 1; cardinality of the original relationship type isimmaterial

Converting RMark Relationship Types
(1)

e Convert the original relationship type and the
related entity types using an appropriate
procedure (the original relationship might not
be traditional)

* To the table that captures the original
relationship type

- Add a foreign key attribute that references Mark.ID
- Add attributes of the RMark relationship type

26-Oct-05 Using Relationship Patterns to Model Superimposed Information 56



*Cardinality of the RMark relationship type is many

Converting RMark Relationship Types
(Many)”

e Convert the original relationship type and the
related entity types using an appropriate
procedure

 Create a new table (derive name from the
RMark relationship type). To the new table:

- Add the key of the table that captures the original
relationship type, and make it a foreign key

- Add a foreign key attribute that references Mark.ID
- Define primary key as set of foreign key attributes
Add attributes of the RMark relationship type
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* In the running example, Update information is stored in table Stored_Update

Example RMark (Many) Conversion

Update

CREATE TABLE Stored Update* Besrper BT
( ID Integer.., PRIMARY KEY 1ID) '
CREATE TABLE Application

( ID Integer.., PRIMARY KEY 1ID) :
CREATE TABLE AppliesTo

( UID Integer.., AID Integer.., PRIMARY KEY
(UID, AID))

CREATE TABLE RMark Application
( UID Integer.., AID Integer..,
RMarklID Integer
REFERENCES Mark(ID),
PRIMARY KEY (UID, AID, RMarklID))

|
1 RMark:Application
|

Mark
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*Cardinality of the RAMark relationship typeis 1

Converting RAMark Relationship Types
(1)

e Convert the original relationship type and the
related entity types using an appropriate
procedure

* To the table that captures the original
relationship type

- Add a foreign key attribute that references Mark.ID
- Add attributes of the RAMark relationship type
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*Cardinality of the RAMark relationship type is many

Converting RAMark Relationship Types
(Many)”

e Convert the original relationship type and the
related entity types using an appropriate
procedure

 Create a new table (derive name from the
RAMark relationship type). To the new table:

- Add the key of the table that captures the original
relationship type, and make it a foreign key

- Add a foreign key attribute that references Mark.ID
- Define primary key as set of foreign key attributes
Add attributes of the RAMark relationship type
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Example RAMark (1) Conversion

CREATE TABLE Stored Update

( ID Integer.., PRIMARY KEY 1ID)

CREATE TABLE Computer

( ID Integer.., PRIMARY KEY 1ID)

CREATE TABLE AppliedOn

( UID Integer.., AID Integer..,
EDate As Date, ETime As Time,

RAMark_UpdatelLog Integer RAark: UpdateLog(Date,

Date Time)

1

Mark

REFERENCES Mark(1D), Time
PRIMARY KEY (UID, AID)) :

Computer 1

ID

Update

Name Applied on
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When to use Views

 |f an attribute a/ways gets its value from the
context of a mark

e When /ive base data Is needed

 The VAMark and VAMarks typespaces
automatically generate view definitions

- We describe the use of views for “black belts”
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Creating View Definitions

* Create a stored relation containing on/ythe
foreign key attributes that reference Mark.ID,
and the attributes whose values are not
derived from context of marks

- Alternatively, replace an attribute that derives
value from a mark’s context with an integer
attribute that stores the context element ID

e Create a view over the stored relation with
embedded calls to the function context (a
user-defined SQL function) to compute values
of attributes omitted from the stored relation
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* Application knowledge tells us that all but the ID and Kind attributes get their values from amark’s context

Example Stored Relation: Event

>4

CREATE TABLE Stored Event Atributes EDate
( ID Integer NOT NULL PRIMARY KEY, | ETime Source

¢ and Description

Kind CHAR(D), are removed”

EMark EventDetail Integer NOT NU[L
REFERENCES Mark(ID)

E0 plhciwnal) [acl - CASyulemilnails
-"_']'.-I"!"'.W"WE"CN‘WL'W ra ffx
LA ] ® ] & JolE[FIaA - b=
TR0 TR ST F Bl Bk e BT 1 1 B S By e 0 sy heiied
cELURTE Ly TR RFETY RS es oo e BT 150 T Moyl ) ey (0 T B Sy Pk | L e Fom
17 TETE S A Ty L N I T el e b L e R L R e = 1]
cEERRN by TRT U TR b e WTE W B S oy perywr s sy i
934 RG] SEVH U Seracy Carippd I i Hee 50 AT 007 By 0Bt peeyery s marreysiils port 5 dop romin
335 TR SET0 Pl Seracy. Carirel & ek Hee 5055 W0 1 B Bl Sestd cyrvrrn armesl e niowpsd i Event
936 Tl S-S LEERD iy Ham BT T 4 B o ey g, oy B i s it o 1 o e oy, o B el b o e Tl
{97 | e s B Date . :
3 i 1. e Computer Logged on Time EMark:EventDetail 1 Mark
(11
T 800 2 P Sl Upebal il 2 21 LW 1 M i ylion S Evend 1D 0 21 i Bowroe |8 o Lol [ ool b B The kel Name Kind ID
ORI Fay (o e B S PR T B O e L M T Oy
TG S IR T ey b ke i L e ST (R g Source
ol B s CP sl Mo o Pl Y Do g i 16 e ) Description
Fasven] - Cursinior fevundy Liposie by hieerwd Esplores £ Bswics Papd | [0 JHETE0
SHT IV 'I.':F-HA.lu-l. hilits il < 13 UH O B ook e Dol 11 | 12 | @ M- ) o Umimi. | ool B il W Bl ol il
Al TV S P Aarais Uslas il 10 U O T decapio: b Fosl [0 [ 11 | i B | marin Uioei. | el i bl T bl codii e il
P TR BT P B, e B ki, e WP R T e L B 1 B, 1T it i il Bt P s -
PR ST e e T4 |
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*el, €2, €3, ed4 are |Ds of context e ements

Example View Definition: Event’

CREATE VIEW Event (1D, Date, Time, Kind,
Source, Description) AS

SELECT
1D,
context(EMark EventDetail, el),
context(EMark EventDetail, e2),
Kind,
context(EMark EventDetail, e3),
context(EMark EventDetail, e4)
FROM Stored Event
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Example Stored Relation: Error

CREATE TABLE Stored Error \
( ID Integer NOT NULL PRIMARY KEY,| AtributesEDate,

ime, and
Source VARCHAR(25), \ §E§£&mm
Notes VARCHAR(255), removed

AMark Error DT Integer NOT NULLJ
REFERENCES Mark(ID),

AMark Error Desc Integer NOT NULL
REFERENCES Mark(ID)

) Error

D AMarks:Error({Date, Time}, {Description
Computer | Occurs on Ti?ntg (thate, i P })1
Name Source 1D
Description
Notes
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*el, €2, e3 are IDs of context e ements

Example View Definition: Error

CREATE VIEW Error (ID, Date, Time,
Source, Description, Notes) AS

SELECT
1D,
context(AMark Error DT, el),
context(AMark Error DT, e2),
Source,
context(AMark Error Desc, e3),
Notes

FROM Stored Error
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Bi-level Queries

* Bi-level gueries can be written against the
logical schema

A query can freely use the function context
with a mark ID and a context element ID

- This function returns //ive data from the base layer
(under normal circumstances)
- Can assign the result of this function to an attribute

- Can use function excerpt to retrieve text excerpt
* View definitions provide the best abstraction
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Example Queries 1, 2

» Retrieve all update details
SELECT * FROM Update

e Retrieve updates related to security
SELECT * FROM Update

WHERE Description LIKE "Security%”

 Because Update Is a view, values of

attributes associated with mark are retrieved
from the base layer when the view definition
IS executed
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Example Query 3

e Retrieve all errors MS Word caused In the
last week
SELECT * FROM Error

WHERE EDate BETWEEN CURRENT_DATE AND
CURRENT_DATE - INTERVAL 6% DAY

AND Description LIKE "%Word.exe%"

e |f Error is aview, the attributes date, time

and description are retrieved from the base
layer when the view definition Is executed
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Example Query 4

e Create a timeline of errors related to MS
Word and MS Outlook

SELECT EDate, ETime, Description
FROM Error

WHERE Description LIKE "%word.exe%"
OR Description LIKE "%Outlook.exe%”
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EDate

Sample Results 4

ETime

Description

1/26/2004
1/27/2004
37972004

4/13/2004
4/23/2004
5/21/2004
5/26/2004

26-Oct-05

19

-46
20:
16:
10:
13:

O:
14:

04
38
11
04
39
05

Hanging app..Outlook.EXE..

Faulting app..winword.exe..

Hanging app..winword.EXE

Faulting app..Outlook.EXE..

Hanging app..Outlook.EXE..

Faulting app..winword.exe..
Faulting app..winword.exe..
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*Drawn using an XML transformation based on work of Nicolas Kruchten. Timeline is non-linear

Timeline 4°

A Error Timeline - Microsoft Internet Explorer |Z||E|fz|
File Edit ‘Wiew Favorites Tools  Help -.'f
1 1 ! o ' . =9 | ¢4
wr \_/I |ﬂ @ L l\] ra Sz ME-*\EJ e E:I [‘“’ T b _J
: Address CDocuments and Settingstsmuorthy Deskbop) Tyvee Word and Outlook Errors Timeline . xml b G0
N
1 2 3 4 5 6 T
1/27/2004 20:04 - Word
1/27/2004 3/9/72004 S/2172C
20:04 16:38 9:39
b
< | >
I@ Dowenloading From site; file: (i \Documents and Setkingsismurth *_v,l My Compuker
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Example Query 5

* Create a timeline of errors, along with
the faulting application and module

SELECT EDate, ETime,

SUBSTRING(Description SIMILAR
"\"%\" application \"%\", \"%\"’
ESCAPE "\"),

SUBSTRING(Description SIMILAR
"\"%\"" modulle \"%\", \"%\""” ESCAPE
I\I)

FROM Error
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Sample Results 5

EDate ETime #1 #H2
1/26/2004 19:46 Outlook.EXE hungapp
1/727/2004 20:04 winword.exe usplOo.dlil
3/79/72004 16:38 winword.EXE WINWORD .EXE
4/13/2004 10:11 Outlook.EXE ntdll.dll
4/23/2004 13:04 Outlook.EXE hungapp
5/21/2004 9:39 winword.exe winword.exe
5/26/2004 14:05 winword.exe mso.dll

26-Oct-05
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Timeline 5

X Error Timeline - Microsoft Internet Explorer |._||E|E|
File Edit \Wiew Favorites Tools  Help .'..'

@Back - @ - @ @ _h j_ﬁ] Search “i'\'g’Favnrites @ Egg' :;..- _J

: Address C:Documents and SetkingstsmurthytDeskiop Tyee Word and Qutlook Errors Tirmeline with Mo % a0

- 1 2 3 4 5 6 =
Application and 1/27/2004 20:04 - winword.exe, usp10.dll
module > ~ ~

Information
retrieved from
context

Date and time /

information
retrieved from
context

X

1/27/72004 3/9/2004 5/21/2¢
20:04 16:38 9:39

| £

[

Q My Cornpuker

YIS
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Example Query 6

e \What events related to Outlook are recorded
after SP2 update was applied?

SELECT
E.EDate, E.Time, E.Description

FROM Event E, Update U JOIN AppliedOn A
On U.ID=A_UID < Updates applied

WHERE U.Description LIKE "%SP 2%" <——— sP2Update
AND E.EDate > A_.EDate < Events after SP 2 is applied

AND E.Description LIKE "%Outlook.exe%”
S~ Outlook events
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Summary

e Associating marks with entities, attributes,
and relationships is a recurring need. That Is,
there are patterns involving use of marks

 We have identified key aspects for patterns of
using marks: contexts, constraints, syntax,
semantics, and consequences

 We have shown how to generate relational
schema from a conceptual schema

 We have demonstrated some bi-level queries
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