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Abstract

This pattern language in progress presents patterns for developing web based multi
source data acquisition applicatiors. It deals with data acquisition applications that
acquire and present data from multiple sources such as real- time databases, relational
databases and other sources. The pattern language consists of four patterns. Display
Component is the “thin-client” embedded in web browsers to present dynamic
displays. Configuration Client is used to define and maintain dynamic displays and
data sources. Remote Data Collector acquires and routes data. And finally
Configuration Database stores the configuration data of dynamic displays.

1. Introduction

11 I ntent

This pattern language in progress deals with developing web based multi source data
acquisition applications. The data sources of the application may be of various types
such as real-time database, relational database and other sources like dynamic web
pages.

1.2 Scenario

Integrated and up-to-date information shared across the vaue chain is very important
to the companies in process indudtries for optimizing ther entire vaue chain and
meaking fast and profitable decisons at dl levels.
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Consider the following scenario: when the leader of arefinery company opens his
web browser, the main page of a Decison Assgtant System is presented. In the center
of the display, isthe smulation of the production process. The main assembliesof the
production process are presented, the relative numbers are colorized, e.g. with red
indicating awarning. In the left of the display, he can see the important satistical data
of the enterprise. In the right of the diplay, he can see the prices of petroleum and
productions. If he wants to see details, he can click the rlative target and go to the
correlated displays.
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Fig 1. An example of user interface of data acquisitionused in aDecison
Assgtant System

In the above case, all data is presented in a single web page, but the sources of the
data are different. The real-time data of the production process is retrieved from a
real-time database. The dstatistical data on the other hand is retrieved from the
relational database of a Management Information System. And furthermore the
market datais retrieved from the web Ste of athird party service provider.

Traditionally data acquisition systems collect real time data from a production process,
store them into a process database and present them to engineers. Now it is expected
to collect data from sources both inside the enterprise (MIS such as a storage
management system) and outside the enterprise (such as a web site of stock prices),
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and its users include not only engineers but also enterprise leaders, managers, partners
and other personnel of the enterprise. Now more and more vendors of data acquisition
and real time database systems are developing new systems and updating their old
system by integrating the data acquisition with the ERP and other information systems
of their customers.

This pattern language in progress is based on our own experiences and studies of
many systems of different companies. We began the work of integrating data
acquisition into Decision Assistant Systems since 1995. And we have built web-based

systems for severa refineries and electric power companies in China since 1997.
Furthermore there are some other productions that are used in this paper as examples:.

® Pl Interactive Configurable Environment (Pl ICE) of OSl Soft [ OS] Soft]
® FxWebSaver of Intdlution[Intellution]

We got the information of these products from publicly available books e.g.

[ZHA?2001] and related web Sites.

1.3  Overview of thispattern language

There are four patternsin this pattern language, showed below:

No | Name Description Related Patterns [RK1997]
1 | Diglay The “thin-dient” embedded in Remote User Interface
Component web browser; It can beaJava Remote Database
Applet or ActiveX Document.
Digtributed Application Kernd
2 | Configuration To define and modify the deta Remote Database
Client sources and the displays for
end-users.
3 | Remote Data It acquires and routes data Remote User Interface

Collector from different data sources. Remote Database
Digributed Application Kernd
4 | Configuration To store the configuration data Remote Database
Database of the system.

Distributed Database
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1.3.1 Deployment View

Figure 2 isthe typica deployment view of this pattern language.
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Fig 2: Deployment View

(1) The Display Component is a thin-client component, which is embedded in the web
browser. The browser invokes the Display Component when the end-user opens the
web page of the data acquistion system

(2) The Configuration Client may be either a web based client or a normal desktop
client. By using it, one can define and modify the displays for end users and the data
sources for data acquisition It stores the configuraion data in the Configuration
Database.

(3) The Remote Data Collector and its extended collectors are deployed in the
goplication server.
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(38) The Rea-Time Data Collector deas with the request for acquiring data from
real-time database (RTDB). Because of the variety of RTDBs, there may be different
Redl- Time Data Collectors for each RTDB involved.

(3b) The Relational Data Collector deals with the request for acquiring data from a
relationa database.

(3c) The Web Page Data Collector deds with the request for acquiring data from
dynamic web pages.

(3d) There may be other kinds of data sources, for example, the data from control
systems. Specid data collectors should be built for these data sources.

(4) The Configuration Database is a kind of relaiona database.

1.3.2 Theinteraction of the patterns

A
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Fig 3: Sequence Diagram

(1) The display ID is provided as a parameter for the Display Component by the web
page.

(2) The Display Component gets data from the Configuration Database. The data
contains the properties of the Display Component (such as title and background image)
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and the properties of the displayed eements.

(3) The Display Component creates and displays elements that include data elements,
normal elements and control elements,

(4) Thereisatimer that controls the frequency of refreshing the data.

(5) Each data element requests data from the Remote Data Collector frequently.
(6) The Remote Data Collector gets the datafrom the target data source.

(7) Return the data to the Remote Data Collector.

(8) Return data to the data elements.

(9) The Data Elements refresh the data.

2. Pattern 1 - Display Component

2.1 I ntent

For integrating data from different sources into one display, the Display Component
presents dynamic displays based on configuration data as a “thin dient” component
embedded in aweb browser.

2.2 Context

Y ou are developing the client part of aweb based data acquisition system. It hasto
integrate the data from different sources into one display. The data may include
real-time data, relational data and other types. The refresh frequencies may be various
from seconds to minutes.

2.3 Forces

® Interactiveand Configurable: The dynamic displays depend on the business
needs of the end users. They should be changeable according related business
needs. But the users dso want to gain more information about dynamic datain
the digplay by smple operation. For example, when they move the mouse on the
dynamic data, they can see the upper and lower warning limits on the tip text;
when they dick on adynamic data, the display can show the historic data trend of
this data

® Dataintegrity and consistency: You have to ensure data integrity and
consstency. Even if adata source has problems (e.g. network problems) and
some data cannot be acquired in a defined period (timeout period).

® Interactive and Configurable vs. Complexity: The dynamic displays should be
both interactive and configurable. To ensure a uniform interface, you want to
present al information in one display. However generating one dynamic web
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page as an asp or jsp for each information is technically much easier and the
sructure is less complex.

® Multithreading vs. asynchronous: Using asynchronous transmission is easy to
implement. However, using multithreading transmission will make your system
more robust.

24  Problem
How to integrate dynamic data from different sources into one display?

25 Solution

Provide a Display Component, which isa“thin dient” component embedded in aweb
browser. It retrieves the configuration data from the Configuration Database, and then
presents the dynamic display based on thet data. Each data element connects with (or
creates) a Remote Data Collector and acquires data through it.

Use multithreading to avoid a data transmisson block. For each data element, thereis
a separate thread for acquiring data. Furthermore define atimeout period for each data
element. If the data eement does not acquire data from the data source after this
period, the value of it will be set to “N/A”.

2.6  The Structure of the Display Component

A display presents a background image and several elements on it. The background
image may be a gif or jpeg image. The elements include data elements that display
data from the Remote Data Collector and refresh frequently, normal elements that are
independent of dynamic data source such as “Text Label” and “Time Label”, and
control elements that provide more interactive functions such as links between
displays. The properties of the eements are stored in the Configuration Database.

Each data element has properties for displaying data such as data source type, data
source name, and data refresh frequency. The data elements acquire data from the
Remote Data Collector frequently. All data elements have the same properties. But the
values of some properties depend on the data source type that the data element binds.
If the data source type is a kind of RTDB, then the data source may be the server
name of the RTDB and the target name is the data point number in the RTDB. If the
data source type isarelational database, then the data source may be the ODBC name
built in the Application Server and the target name may be an SQL statement. The
data elements themselves do not dea with these properties. They pass the values of
these properties on to the Remote Data Collector.

Figure 4 shows the concept mode of display with dynamic deta dements.
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Fig 4: Class Diagram of Digplay Component

2.7  Consequences

This pattern has severa bendfits:
® You can present as many dynamic displays as you want by usng asingle

component.
® Because the Display Component is independent of data sources, it can be used in

many stuations.

® The user interface can be more powerful and interactive.

It has aso some drawbacks:
® |f there were alot of data coming from several relational databases involved in
one display, thiswould cost more execution time to retrieve the data.

® Because the interaction between Display Component and Remote Data Collector
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cannot be implemented by off-the-shdf system components and a standardized
communicetion protocol, the communication issues have to be addressed by the
application devel oper.

2.8 Related Patterns

The Display Component uses some patternsin [RK1997]. They are:

Remote User Interface: The Display Component is a thin client embedded in
web browser.

Remote Database: The Display Component retrieves configuration data from the
Configuration Database.

Distributed Application Kernel: Each data element connects with (or creates) a
Remote Data Collector and acquires data through it.

Many design patterns [GHJIV95] can be used to implement this pettern. There are:
Composite pattern: A digolay isa composte of eements.

Facade pattern: Data elements get the data from Remote Data Collector that
separates data e ements from data sources.

Iterator pattern: The elements in the display are stored in a collection that is
implemented as an iterator.

29 Known Uses

1) iFixXWebServer of Intdlution [Intelution]. The client Sde of this productionisa
Java Applet embedded in aweb browser to present dynamic displays.

2) Pl Interactive Configurable Environment (Pl ICE) of OSI Soft [OSISOFT]. The
Active View of Pl ICE isan ActiveX embedded in a web browser to present dynamic
displays.

3. Pattern 2 - Configuration Client

31 I ntent

The Configuration Client defines and maintains the displays presented by Display
Component.

3.2 Context

Y ou are developing a data acquisition system and you decide using a Display
Component as the interface for end users. Y our users want to define and maintain the
dynamic displays themsdlves.
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3.3 Forces

® Complexity vs. Usability: A full functiond WY SIWY G dlient will help your
users to define and modify the dynamic displays easily and quickly, but it ismore
cogily and complex than a smple one. However, an extremey smple client can
be developed easily and quickly, but the usability of it may be poor.

® Balance of the cost between development and deployment: The deployment
cost of data acquisition is usually high because there are lots of dynamic displays
to be configured. A powerful tool such as a full functional WY SIWY G client can
make the job easy and reduce the deployment cost, but the development cost of
thiskind of tool will be reasonable high.

34  Problem
® How to store configuration data of the data acquisition system correctly and
eagly?

® What kind of solution can reduce the tota cost of your goplication?

35 Solution

Use a Configuration Client, which is a combined solution, because it defines
configuration data and stores them. It is more like a WY SIWY G image editor. Buit it
does not include complex functions that may cost more time and money to implement.
It can load a background image and allows defining the elements easily. In this case,
you can use some parts of the Display Component in the Configuration Client.

3.6  Consequences

This pattern has severd benefits:
® You can develop a Configuration Client that suits the requirements and the
conditions of your gpplication.

® You can balance the cost between development and deployment and then reduce
the total cost.

3.7 Related Patterns

It stores the configuration data into the Configuration Database thet is a Remote
Database [RK1997].

Many design patterns [GHJV95] can be used to implement this pattern, e.g
Composite pattern, | terator pattern.

10
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38
1

2)

4.

4.1

Known Uses

iIFiXWebServer of Intdlution[Intelution]. iFixXWebServer presents the graphica
dynamic display defined by iFix system, so the Configuration Client of
iFiXWebServer isiFix Client.

Pl Interactive Configurable Environment (Pl ICE) of OSI Soft [OSISOFT]. PI
ProcessBook is an easy-to-use graphics package that alows users to create
dynamic, interactive graphica displays.

Pattern 3 - Remote Data Collector

I ntent

The Remote Data Collector collects data from various data sources and sends the data
to a Display Component.

4.2

Context

Y ou are developing a data acquisition gpplication. It should treat severd different
types of data sources. Y ou could not presuppose the number of data sources. And it is
possible that a new type of data source could be added into the system.

4.3
[ ]

4.4
[ ]

4.5

Forces

Independence of data sourcesvs. Complexity: Independence of both the
number and the type of data sources can make your system better maintainable
and scaable. However, the independency requires a higher complexity.

Problems
How to separate the data sources from other parts of the system?

Solution

Use a Remote Data Collector, which acquires and routes data from various data
sources. Figure 5 shows the architecture of the Remote Data Collector.

11
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Fig 5: Architecture of Remote Data Collector

For each type of data source, you can develop a component that implements a uniform
interface to acquire the data. Typically, there are three kinds of remote data collectors:
the Rea-Time Data Collector, Relational Data Collector and Web Page Data
Collector.

The Rea- Time Data Collector retrieves the data from a real-time database (RTDB).
Because there are various kinds of RTDBs and no unified API, you have to develop a
gpecid Red-Time Data Collector for each RTDB involved.

The Relational Data Collector retrieves the data from a relationa database. It can use
standard SQL as the protocol. You can build one Relational Data Collector for
different types of relational databases. But you must consider the different flavors of
the SQL they support. For example, the descriptions of the “date field” in SQL
statements of various relational databases are different. You can further build a
Relational Data Collector for each type of relational databases. This way, you can use
the special APl to access the database that will improve the performance of you

12
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system.

The Web Page Data Collector retrieves the data from dynamic web pages. Y ou should
develop it usng the structure of the dynamic web page.

There may be other kinds of data sources, for example, the data from control systems.
Specia data collectors should be developed for these data sources.

4.6 Sructure

You can develop the Remote Data Collector as an interface for various data sources,
see figure 6. For each type of data source, you have to develop a component that
inherits this interface. The component is deployed in the application server. The data
elements in Display Component create a remote object that is an instance of the
component on the application server to acquire the data.

RemoteDataCollector

'&I-:DataSourceName
@TargetName

¢} etData()

RealTimeDataCollector RelationalDataCollector WebDataCollector

Fig 6: Remote Data Collector Interface

13
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Y ou can aso develop the Remote Data Collector as a server. As shown in figure7, the
Remote Data Collector Server includes Collectors for every type of data sources. In
this case, the Remote Data Collector Server creates the concrete data collectors. It
acquires data through these collectors and sends them to Display Component.

RemoteDataCollector

EfDataSourceName
EETargetName

#®GetData()

RealTimeDataCollector RelationalDataCollector WebDataCollector

¢

RemoteDataCollectorServer

Fig 7: Remote Data Collector Server

4.7  Consequences

This pattern has severa bendfits:

® Therewill be less mantainahility. the users can define and modify the interface
themsalves eeglly.

® The system will be more scaledble: the data sources can be added eadlly.

However:

® Thedructure of the Remote Data Collector is complex. And you should consider
the data transmission block and exceptions to maintain the data integrity and
consistency.

® |f thereisanew data source, you have to provide a new Data Collector.

4.8 Related Patterns

Asshownin figure 5, the rdationa databases and red time databases are Remote
Databases [RK1997]. It dso uses Remote User Interface and Distributed Application

14
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Kernel [RK1997] asshownin 2.8.
Many design patterns [GHJIV95] can be used to implement this pattern. There are:

Facade pattern: Data elements get the data from the Remote Data Collector that
separates data e ements from data sources.

Adapter pattern: Each kind of Remote Data Collector is an adapter between the
Remote Data Callector interface and the concrete data source API.

4.9 Known Uses

1) iFixWebServer of Intdlution [Intellution]. iFix Server isthe Remote Data Collector
of iFixWebServer. It acquires data from supported data sources through iFix
interfaces.

2) Pl USD of OSI Soft [OSISOFT]. UDS provides open access to all supported data
sources. UDS seamlessly connects to Pl Data Storage, to non-Pl data sources, such as
OLEDB providers (e.g., SQL Server or Oracle), to proprietary systems (e.g., PHD and
CIM/21), or to any other supported database.

5. Pattern 4 - Configuration Database

51 I ntent

The Configuration Database stores the configuration data that defines the displays, the
elementsin the displays and the data sources.

52 Context

Y ou are developing aweb based multi source data acquisition application. Y ou
should find away to store the configuration data.

53 Forces

® Integration with existing systems. Most data sources of your application are
application systems of your customers. Y our application should keep the
configuration deta integrity and consistency with these exiding sysems instead
of letting your users define them again.

® Data consistency, security vs. complexity: Useareationa databaseto store
configuration data can keep the data consistent and make the system more secure.
However storing configuration datain filesis less costly and less complex.

® Structureof the configuration data model: A formdized datamodd will
enforce data integrity and consistency naturally. However, ensuring data
congstency isredly difficult, if the data hasto be integrated from different

15
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systems.

54  Problems
® How to sore the configuration data?

® \What is the structure of the data model to satisfy the requirements of integrating
exiding sysems?

55 Solution

To keep the configuration data consistert, use a relationa database to store the
configuration.

This Configuration Database has two logic parts: the Display Database and the
Integration Database. The Display Database isimplemented based on aformulized
data modd to store the configuration data of dynamic displays. The Display
Component gets the configuration data of dynamic displays from it. The Integration
Database sores the data eements of existing systems, which are the candidates
presented on the dynamic displays.

Use separate stored procedures or processes to maintain the configuration data
consstency between existing systems and the Integration Database. When the user
configure the dynamic displays, they picks the data dements from the Integration
Database, define the properties for display and stores them to Display Database by
using the Configuration Client. The architecture of the Configuration Database is
shown in Figure 9.

If the configuration data of the exidting system is stored in ardationa database thet is
of the same type as the Configuration Database, we use stored procedures to maintain

the configuration data consistency. Otherwise we have to devel op separate processes
to fulfill this job.

16
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4. Redefine and store the data elements for display
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Database for
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Configruation | Configuration
Client Database
\\\ 3: Pick the data elements for display //’/
\\_ _____ -‘—§> ////
————————————— Database for
———————— _Integration
T
Separate i
Process 1: Keep the configruation data consistency
\\\ 2
\\
~ =
N - Existing
System

May be a stored -
procedure

Fig 9: The Architecture of the Configuration Database
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5.6 Sructure

An Element may be a DataElement

DisPlay_TB

DisplaylD
Title

BackGroundimage

One Display has many Elements

Element_TB |

SubDisplay_TB

ElementID
ElementName
Top

Left

Width

I .
SubDisplay is an Element | SubDisplaylD

1 Height =0

DataElement_TB
DataElementID
DataSourceName
DataElementName
DataTarget
Description
RefreshFrequence
UpperWarningLimit
LowerWarningLimit
WarningColor

The DataElement Type

DataEIemehtType_TB

DataElementTypelD
DataElementTypeName
DataElementTypeDescription

Transparent
BkColor
FgColor !

A SubDisplay has many Elements

An Element may be a ControlElement

Jr

An Element may be a NormalElement

NormalElement_TB

NormalElementID
NormalElementName

The NormalElement Type

ControlElement

ControlElementID
ControlElementName

The ControlElement Type

NormaIEIémentType

ControIEIemehtType_TB

NormalElementTypelD
NormalElementTypeName
NormalElementTypeDescription

ControlElementTypelD
ControlElementTypeName
ControlElementTypeDescription

Fig 10: The conceptud data modd for display

We use ERA to develop the conceptual datamodd for display, asin Figure 10.

18
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Because most relational database management systems support long binary fields, the
background image of the display can be stored as afield of the display.

The relationship between “Element” and its sub classes (data element, normal element
and control element) is a “one to one”, and these sub classes depend on “Element”.
You can create a “trigger” in the database to maintain this relationship automatically.
The“trigger” isan Observer [GHJIV95].

To keep the data model stable, we create a type Entity for each type of Element. So
you can add the element’s type by adding records and there is no need to modify the
data modd!.

5.7  Consequences

® Usngardationa database to store the configuration data makes the system
better maintainable and more robust. However, if the gpplication issmdl, usng a
relational database is more costly and complex. Then you can usefilesto Sore
the configuration data. In this case, each display’ s configuration dataiis sored in a
file You can usetheid or name of the display asthefile name. The Display
Component gets configuration data via ftp or http.

® You can use this pattern to integrate existing systems, but the structure is more
complex and you may have to develop separate procedures or processes to keep
the configuration data consstert between your application and existing systems.

5.8 Related Patterns

The pattern Connecting Business Objects to Relational Databases [Y IW1998] can
help you to connect the Object Oriented design model with the relationa data model.

The Configuration Database is a Remote Database [RK 1997] accessed by Display
Component and Configuration Client. If the Configuration Database and the database
of existing system that stores configuration data are same kind, they condtitute a
Distributed Database [RK 1997].

The triggers that maintain data consistent are Observer Pattern [GHJIV95].

19
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5.9 Known Uses

1) iIFixXWebSearver of Intdlution [Intelution]. The configuration data of
iIFixXWebServer are stored in the iFix process database.

2) Pl Interactive Configurable Environment (Pl ICE) of OSI Soft [OSISOFT]. Pl ICE
stores personalization and component information within a Microsoft SQL Server
2000 database.

6. Summary

There are more and more patterns about web based applications, such as [RIC2001]
and [PK1999]. Because of the maintainability and usability, the web-based
applications are widely used in both Internet and intranet. More and more process
industry companies want to integrate the data acquisition systems into their ERP
systems. The data integration can transform data into information and knowledge.
This pattern language in process is based on our own experience and studies of many
systems of different companies. Besides the known uses presented in this paper, there
are more systems related to these patterns, e.g. Web 2.1 of AspenTech [AspenTech]
[ZHA2001] and the Visud PHD of Honeywell [Honeywdl] [ZHA2001].

Developers can easily apply this pattern language. Each pattern in this language can
be implemented by various technologies, based on the scope and size of your
gpplication.
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