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In the chemical process design, the chemical engineer designs the

flowsheet that illustrates the sequence of process units and the overview of the

chemical process. Howwer, the creation and modification of the flowsheet tends to

be difficult and time consuming. Worse yet, it seems to be possible that errors can

occur in the design step of the complex flowsheet.

Hence, the purpose of this study is to design and develop a suitable

software called ChemProc for drawing the chemical process flowsheet. With this

software the user can draw the flowsheet using a symbol in the application or using

theirs own symbol. The line symbol and the equipment symbol drawn on the

flowsheet can be connected to ease flowsheet modification. In additiorl this

application supports the design of a complete flowsheet and manages the properties

of each symbol on the flowsheet. Furthermore, each symbol contains information

about its own technical specifietion. Users can edit the technical specification and

view or print output reports. All symbols on the floursheet are checked forthe correct

amount of input and output to make the flowsheet complete.
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CHAPTER I

INTRODUCTION

1.1 Background and Statement of Problem

The purpose of chemical engineering is to desigl and to create new

material. But the step of design is often an enonnously complex problem. Because

the chemical engineering design is the process that requires the engineering principles

and theories combined with a practical realization by industrial. In the process design

a flowsheet is the important element. The flowsheet is draw in the early stages of

process design by ge,nerate idea and then tanslate them into the flowsheet. In the

flowsheet, symbols are used to represent equipment or process unit and lines to

represent input and output material. The flowsheet has many benefits such as showing

the sequence of process unit, equipment, flow of materials and detailed inforrration on

flow for producing new materials or for upgrading the existing materials.

In the chemical process flowsheet, the flowsheet is usually complex and

large size. The creation and modification of the flowsheet is difficult and times

consuming. In additioru it is possible that the number of input and'output of each

equipment or process unit was wrong and causes the incomplete flowsheet. Computer

should be used to create the flowsheet instead of manual drawing. The software

developed can help the chemical engineer to draw the complex flowsheet and support

flexible design flowsheet for ease to modify. During creation, the software can veriff

the number of input and output material of each equipment and process unit for

Copyright by Mahidol UniversityCopyright by Mahidol University
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making the completed flowsheet. ln addition, the software also zupports the detailed

infonnation of each equipment process unit, andmaterial.

1.2 Objective

To design and develop the softqrare using object technologies to create

drawing for the che,mical process flowsheet.

1.3 Scope of work

The softrrare developed to draw chemical process will have the following

firnctions:

1. Create line and slmbol.

2. Connect line to slmbol.

3. Enter data specification in line and synbol.

4. Automatic checker ofiuput aud output

5. Ge,neral output image and report.

1.4 Expected results

Sofnnrare for drawing the che,mical proces$ flowsheet has the following

be,nefits:

l. Save time in drawing chemical process flowsheet.

2. Easyto create andmodiffthe flowsheet.

3. Reduce human e,lror by softn'are checking.

4. Technical specification includedin each qmbol.

Copyright by Mahidol UniversityCopyright by Mahidol University
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CHAPTER II

LITERATT]RE REYIEW

The content of this chapter is the literatures and other application that

related work. The topic coveni the che,rnical process, the flowsheet and characteristics

of the obj ect-oriented approach.

2.1 The chemical process

The development of a commercial product from a laboratory chemical

involves the talents and effons of many people. At the laboratory stage, the market

potential of the product is estimated. The physical and chemical properties of the

chemicals involved in the process are then determined and the conditions underwhich

the product can be produced in the laboratory are explored. But a long and complex

effort still remains. There are times when an engineer is called upon to devise a

plausible process long before all of the development effort has taken place. Perhaps a

decision whether to invest in the development effort is required. If a tentative process

can be suggested, the cost and difficulty of the development of the process can be

estimated. Also, a rough estimate of the cost of the product can be calculated, and the

size of the market can be forecast. Like most economic forecasts, these

"guesstimates" are subject to an enomrous amount of uncertainty. Accordingly, many

technically and economically sound processes and products have been shipwrecked on

the rocks of poor marketing forecast (1).

Copyright by Mahidol UniversityCopyright by Mahidol University
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Process development

Frocess development coverc not only developing a manufacturing process

for an entirely new product but also a new process or route for an existing product.

The push for the latter may originate for one or more of the following reasonsi:

availability of new technolory, change in the availability and/or cost of new materials.

Process developme,lrt for a new product depends on things such as the scale on which

it is to be manufactued, the by-products formed and their remolaUrecovery, and

required pwity. Data will be acquired during this developmeirt stage using semi-

technical plant, which will be invaluable in the design of the actual manufacturing

plant. If the plant is to be a yery large capacity, continuously operating one, then a

pilot plant witl first be built and operated to test out the proce.ss and acquire more data-

These semi-technical or pilot plants will also supply increased quantities, which will

be required for testing, or customer evaluation. A major part of the process

developme,nt activity for a new plant is to minimize, or ideally prevent by designing

out, waste production and hence possible pollution. The economic and environmental

advantages ofthis are obvious (2).

Process synthesis

The developme,nt of a process sche,rre involves coming up with that

configuration of processing ste,ps that efficiently and safely produces the desired

product. An e,lrormous amount of art, skill, intuition" and innovation goas into

developing the processing sche,me. Literally millions of designs are possible.

Somehow the chemical engineer must sort through the myriad of alternatives to come

up with a good process (1).

Copyright by Mahidol UniversityCopyright by Mahidol University
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The chemical e,ngineer should always be willing to consider completely

new designs. Process dasign refers to the actual design of the equipmen! facilities

necessary for carrying out the process and design new materials. One of the most

important items that we develop during a design is a process flowsheet.

2.2 Flowsheet

George describes the flowsheets in the following manner (3)'

Flowsheets allow a great deal of information to be collected and examined

in a small space. There are a great many tlpes of flowsheets used: some show simple

flows, others show material balances and some are so complete. The flowsheets have

been reduced to manimum simplicity and are designed to show principles rather than

details.

Flowsheets come in many tlpes and are used for many purposes. Simpte

blocks often show only material and energy flows and operating conditions. More

elaborate ones show everything in a process and become extre,mely complicated.

Specialized ones show such details as fire lines, instrumelrts and conhol systems, air

lines, drains, etc. Most coordinate the seque,nce of unit operations and unit processes.

They indicate the point of entrance for raw material and any necessary energy,

likewise the points of removal of the product and the by-produces. Many flowsheets

are made to illustrate proposed alterations as a design proceeds. No other description

of a chemical process is as concise or asi revealing regarding equipment operating

details, and general reactions as that presented by a skillfully drawn flowsheet, which

should include data covering not only materials, but labor and utilities as well.

An overview of the concept is provided by Douglas (4):

Copyright by Mahidol UniversityCopyright by Mahidol University
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The flowsheet shows the majorpieces of equipmen! and usually each piece

of equipme,nt is given a special number or n,rme. Normally each strearn on the

flowsheet is also lettered or numbere{ and a stream table that contains theses or

numbers often aprpears at the bottom of the flowsheet. The stream table contains the

flows of each component in every stream as well as the strenm te,mperatures and

pressures. In some case, eirthalpies, deirsities, and other information for each sheam

are included in the stream table.

The process flowsheet of flow sheeting software defines the reactors, unit

operations, and utilities needed, along with the stream of material and e'nerry into and

out of the process and between all the process units.

Ttre chemical process flowsheet are glven in the Appendix A.

Equipment

Equipment is emphasized in coqjunction with descriptions of the various

processes and with flowsheets represe,nting these processes. Any chemical engineer

should start early to become familiar with industrial equipme,lrt such as pumps, filter

presses, distillation towers, nitators and sulfonators (3).

What do chemieal engineers need to use flowsheet?

When the che,mical engineer are prese,nted with a description of a process

like this one and are then asked to determine something about the process, it is

essential to organize the given information is a way that is convenient for snbsequent

calculations. The best way to do this is to draw a flowsheet of the procass (5).

The che,mical e,ngineer uses flowsheet to show the seque,lrce of equipment

and unit operations in the overall process, to simplifr visualization of theCopyright by Mahidol UniversityCopyright by Mahidol University
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manufacturing procdures, &d to indicate the quantities of materials and energy

hansfer (6).

2.3 Other tytr es of computer-aided design program
There are computer-aided design packages that are based on an equation-

solving approach. That is, they attempt to solve all the equations describing the

flowsheet simultaneously. Numerous computer-aided design programs are available

commercially including flowtran" process slmthesis, flow-sheeting programs and

ChemCad are those most specifically intended for design use.

FLOWTRAN is a computer-aided design (CAD) program that available

commercially. General structure of flowtran has essentially the following

components:

1. An executive system. The executive system reads the input dat4

controls the order in which the equipment subroutines are calculated,

prints the results of the calculations, etc.

2. A physical properties data bank. The physical properties data bank

contains data for 180 chemical compounds, including molecular

weights, critical constants, heat capacities, acentric factors, etc.

3. A themrodynarnics properties package. The thermodynarnics package

uses the pure compone,lrt properties in data bank to calculate gas and

liquid densities and enthalpies, as well as vapor-liquid equilibrium

relationships, for the process sfieams in the plant.

4. A collection of design (and cost) subroutines for a variety of process

unit. Copyright by Mahidol UniversityCopyright by Mahidol University
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The equipme,nt design subroutines use the information on the sEeam

properties to calculate equipment sizes (and costs) for the various process units, i.e.,

firmaces, heat exchangers, compressors, distillation columns, etc.

PROCESS SYNTffiSIS involves generating a flowsheet for a process to

produce a particular product or slate of products from specified raw materials. The

process flowsheet identifies the chernical reactors and unit operations required and

their sequence, the material and e,nerry streams in the process, those streams to be

recycled, and some characteristics of the equipment. This flowsheet should be a

reasonable approximation of the best economic flowsheet for the product slate.

Process syfihesis software, a tlpe of expert syste,m program.

I|:LOW-SffiETING as used in computer-aided desigq meiur performing

on a specified flow sheet the calculations necessary to simulate the behavior of the

process or to design the equipment and to determine values for key operating

conditions. These calculations include mass and energy balances, process-equipment

parameters, and cost estimation for tho equipment and plant as well as an economic

analysis of the process.

Chemical process flow-sheeting progrm include property data and

prediction methods for pure components and mixtures. An objective of flow-sheeting

is specified, tlpically the desired annual production rate of the principal products, as is

the process flow sheet.

CffiMCAD is the softiyare created by Chempute Softrrare (7) that can be

used to design or simulate almost any steady state process plant having recycledCopyright by Mahidol UniversityCopyright by Mahidol University
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streams and control loops. Models for virtually all standard unit operations simulate

the behavior of a process under varying feed rates, product rates, temperatures,

pressures and compositions. The program contains the 1500 component DIPPR

database with a separate user database, which can be defined or modified by the user.

Components are selected dpamically by ID nrmber, formulq synonym or class. The

program also includes property prediction routines for components not included in the

database.

The flowsheet representing the plant layout is input graphically, using a

mouse, with different unit operations being represented by user-modifiable icons.

Sfieam numbering is done automatically. Data describing each feed stream and unit

operation is entered viapulldown menu options, available from the flowsheet graphics

input screen. Automatic error checking preve,nts overspecification or missing data

entries.

fire simulation can be halted during calculation, for viewing of intermediate

results. The input data may then be modified and calculations resumed at the point

where they were origtnally intemrpted. The interactive interface also permits

individual unit operations to be run separately to the complete flowsheet for quick

'what-if' studies.

Results output by the program include a full heat and material balance,

therrrodynamic and physical properties of all steams, component flowrates, stream

temperatures, pressures and vapour-fractions, and process equipment parameters. The

user may view the results graphically or may obtain a printout of detailed or summary

results.

Copyright by Mahidol UniversityCopyright by Mahidol University
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2.4 Object Technologies

A discussion of object technologies is presented by Pressmam (8):

The term "Otject Technologies" (9) is ofte,n used to e,lrcompass all aspects

of an object-orie,lrted view and includs analysis, desigu and testing methods:

programming languages; tools; databases; and the applications that are created using

as object-orie,lrted approach. Object technologies lead to reuse, and reuse (of program

component) leads to faster software developme,nt and hig[er-quatity program. Object-

orie,lrted software is easier to adap! to scale and to maintain because its structure is

inherently decoupled. this leads to fewer side effects when changes have to be made

and less frustration forthe softrrare engineer.

Objects and Classes

Objects are categoized into classes and class hierarchies. A class is an

object-oriented concept that encapsulates the data and procedural absEactions that are

required to describe the content and behavior of some real world entity. By definition,

all objects that exist within a class inherit its atfributes and the operations that are

avaitable to manipulate the attributes. A superclass is a collection of classes, and a

subclass is an instance of a class. These definitions imply the existence of a class

hierarohy in which the attibutes and operations of the superclass are inherited by

subclasses. At each level of the class hierarchy, new atfiibutes and operations may be

added to those that have been inherited from higher levels in the hierarchy.

Attribute and OPeration

Attribute.s are attached to classe and objects, and that they describe the

class or object in some way. An object encapsulates data and the algorithms thatCopyright by Mahidol UniversityCopyright by Mahidol University
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process the data" These algorithms are called operations and can be viewed as

modules in a conventional sense. Each of the operations that is encapsulated by an

object provides a representation of one of the behaviors of the object.

Three important concept differentiate the object-oriented approach from

conventional software e,ngineering (8):

l. Encapsulation packages data and the operations that manipulate the data

into a single named object. There are the most important benefits of

encapsulate data and operations:

o The internal imple,mentation details of data and procedures are

hidden from the outside world. This reduces the propagation of side

effects when changes occur.

. . Data structures and the operations that manipulate them are merged

in a single named entity.

r Interfaces among encapsulated objects are simplified. An object

that sends a message need not be concerned with the details of

internal data structures in the receiving object.

2. Inheritance enables the attributes and operation of a class to be

inherited by all subclasses and the objects that are instantiated from

them.

3. Polymorphism enables a number of different operation to have the

same nilme, reducing the number of lines of code required to implement

a system and facilitating changes when they are made.
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The obj ect-oriented paradigm

Whe,n a class is built, the class is looked up in a library. Because object-

oriented soft$/are engineering emphasizes reuse. If a class cannot be found in the

library, object-oriented analysis, object-orietrted design, object-orie,nted programming,

and object-oriented testing are applied to create the class and the objects derived from

the class.

Obj ect-oriented Analysis

The objective of object-orie,nted analysis is to develop a series of models

that describe computer softrrare as it works to satisff a set of defined require,me,lrt.

Object-oriented analysis methods enable a software engmeer to model a problem by

represe,lrting objects, attributes, and operations the primary modeling compone,lrts.

The intent of object-oriented analysis is to fine all classes, the relationships and

behavior associated with all classes that are relevant to the proble,m to be solved. To

accomplish this, fourbasic principles are applied:

1. Classes must be identified.

2. Object-to-object relationships should be represe,lrted.

3. A class hierarchy must be specified.

4. Object behavior must be modeled.

Tasks I through 4 are reapplied iteratively until the model is complete.

l.Identifying Classes

Class-responsibility-collaborator (CRC) 6sdsling (10) provides a simple

means for identi$ing and orgenizing the classes that are relevalrt to system or product
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requirements. The CRC model may make use of actual or virtual index cards @igure

2.r).

The class can be identified by exarrining the probleni statement or by

performing a grarnmatical parse on the processing narrative for the system to be built.

Classes are determined by underlining each noun or noun clause and entering it in a

simple table. Synonyms should be noted. Responsibilities are the athibutes and

operations that are relevant for the class. Collaborators are those classes that are

required to provide a class with the infomration needed to complete a responsibility.

Figure 2.1 A CRC model index card

Specify class hierarchy

A class hierarchy shows the existence of classes and a relationship among

classes where in one-class shares the structure or behavior defined in one (single

inheritance) or more (multiple inheritance) other classes. Inheritance defines a kind of

hierarchy among classes in which a subclass inherits from one or more superclass.

Coad and Yourdon suggest that a generalization-specializatton (gen-spec) structure

(Figure 2.2) should be derived for the identified classes.

Copyright by Mahidol UniversityCopyright by Mahidol University



Roschong Sakdumrong Literature / 14

Figrre 2.2 Gen-spec stnrcture notation

In other crlses, the has_relationship de,notes a whole-part relationship

between two classes, where the whole class is at one end of the relationship and the

part class is at the other end. The whole class contains or owns its part object. This

relationship is also known as an aggregation relationship. These aggregate objects can

be defined using the notation represented in Figrre 2.3 (l l).

Figure 2.3 Whole-part structure notation
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Object relationship model

The first step in establishing relationships is to understand the

responsibilities for each class. The CRC model index card contains a list of

responsibilities. The next step is to define those collaborator classes that help in

achieving each responsibility. This establishes the connection between classes. The

relationships can be derived by examining the verbs or verb phrases in the

grammatical parse. The verbs are isolated to indicate physical location or placement

(next to, part of,, contained in), communications (hansmits to, acquires from),

ownership (incorporated by, is composed of), and satisfaction of a condition (manages,

coordinates, controls).

Object behavior model

The object-behavior model re,presents dynamic element of the object-

oriented analysis model. Therefore we must represent the behavior of the system as a

function of specific events and time. The object behavior model indicates how an

object-oriented system will respond to external events or stimuli. An event occurs

whenever an object-oriented system and an actor (recall that an actor can be a person,

a device, or even an external system) exchange infonnation. An event is Boolean that

is not the infonnation that has been exchanged. The one tlpe of behavioral

representation for object-oriented analysis considers a state representation for the

overall product or system. This representation e,lrcompasses a simple event trace

model that indicates how events cause transitions from object to object that depicts the

processing behavior of each object. Once a complete event trace has been developed,

all of the events that cause fiansitions between syste,m objects can be collated into a set
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of input events and output events. This can be represented using an event flow

diagrem (12).

Obj ect-oriented Design

The first step in the constuction activities for object-oriented systems is

object-oriented design. Object-oriented design transfomr the analysis model created

using object-oriented analysis into a design model that serves as a blueprint for

software construction. Object-oriented design enables a software engineer to indicate

the objects that are derived from each class and how these objects interrelate with one

another. In addition, object-oriented design depicts how the relationships among

objects are achieve{ how behavior is to be implement and how communication is to

!s implemented between objects. For object-oriented systems, the object-oriented

design step can be defined as a design pyramid. As shown in figwe 2.4, the four

layers of the object-oriented design pyramid are (8):

[.,---,, 
sponsibilities

/ \ desrsn

@
@

Figure 2.4The object-oriented desigu pyramid
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1. The subsystem layer. Contains a representation of each of the subsystems

that enable the software to achieve its ctistomer-defined requirements and

to implement the technical infrastnrcture that supports customer

requirements., the following subsystem design component were defined:

. Problem domain: the subsystems that are responsible for implement

customer requirements directly.

. Human interaction: the subsystems that implement the user

interface.

. Task management: the subsystems that are responsible for

controlling and coordinating concurrent tasks that may be packaged

within a subsystem or among different subsystems.

r Data management: the subsystem that is responsible for the storage

and retieval of object.

As subsystems are designed, they should conform to the following

design criteria:

. The subsystem should have a well-defined interface through which

a[[ communication with the rest of the system occurs.

With the exception of a small number of "communication classes,"

the classes within a subsystem should collaborate only with other

classes within the subsystem.

The number of subsystems should be kept small.

. Subsystems can be partitioned intemrally to help reduce complexity.

The class and object layer. Contains the class hierarchies that enable the

system to be created using generalizations and increasingly more targeted

Copyright by Mahidol UniversityCopyright by Mahidol University



Roschong Sakdumrong Literafire / 18

specialization. This layer also contains design re,presentations of each

object.

The message layn. Contains the details that enable each object to

communicate with its collaborators. This layer establishes the exte,mal and

intemal interfaces for the system.

The responsibilities layer. Contains the data stnrctue and algorithmic

design for all attributes and operations for each object.

Obj ect-oriented Programmin g

Object-oriented programming is a method for sfruchring programs as;

hierarchically organized classes describing the data and operations of objects that may

interact with other objects (13).

Object-oriented programming exte,nds the design model into the executable

domain. An object-orie,lrted programming language is used to hanslate the classes,

atfiibutes, operations and messages into a form that can be executed by a machine (8).

Obj ect-oriented Testin g

The objective of objet-orie,nted testing is to find the greatest possible

number of e,lrors with a manageable amount of effort applied over a realistic time

span. The view of tasting broadems to include the review of both the analysis and

design model. In addition, the focus of testing moves away from the procedural

compone,nt and toward the class (8).

3.
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Testing object-oriented analysis and object-oriented design models

The definition of testing must be broadened to include error discovery

techniques applied to object-oriented analysis and object-oriented design models.

Because of the evolutionary nature of the object-oriented softrnare engineering

paradigm, these models begin as relatively informal representations of system

requirerrents and evolve into detailed models of classes, class connections and

relationships, system desigU and allocation, and object design. At each stage, the

models can be testing in an attempt to uncover errors prior to their propagation to the

next iteration.

Unit and integration testing

The strategy for unit and integration testing must change significantly.

Object-oriented testing process, we begin with unit testing, then progress toward

integration testing, and culminate with validation and system testing. In conventional

applications, unit testing focuses on the smallest compilable program unit (the

subprogram). Once each of these units has been testing individually, it is integrated

into a program structure while a series of regression tests are run to uncover errors due

to interfacing the modules and side effects that are caused by the addition of new units.

Finally, the syste,ln as a whole is tested to ensure that errors in requirements are

uncovered.

Fault-based testing

The object of fault-based testing within an Object-oriented system is to

design tests that have a high likelihood of uncovering plausible faults. Because the

product or system must conform to customer requirements, the preliminary planningCopyright by Mahidol UniversityCopyright by Mahidol University
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required to perform fault-based testing begins with the analysis model. The tester

looks for plausible faults. To determine whether these faults exist, test cases are

designed to exercise the design or code.

Scenario-based testing

Scenario-based testing concentrates on what the user does, not what the

product does. It means capturing the tasks that the user has to perform, then applying

them and their variants as tests.

Black-box testing

Black-box testing, focuses on the functional requireme,nts of the software.

That is, black-box testing e,nables the softrrare engineer to derive sets of input

conditions that will fully exercise all fimctional requireme,nts for a program. Black-box

testing attenrpts to find errorc in the following categories:

1. Incorrect ormissing functions and Interface erront

2. Errors in data structures or external data base access

3. Performance errors

4. Initialization and termination elrors
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CHAPTER III

MATERIALS Ai\D METIIODS

3.1 Materials

Hardware: Personalcomputer,

CPU Celeron 333 or upper,

RAM 64 MB or upper,

Harddisk 4.3 GB or upper,

Keyboard 104 key,

Mouse,

Printer

Software: Operating system: Windows98

Application development: C++ Builder 4.0

Database: Paradox

Help authoring tool: HelpScribble

Image authoring tool: Lnage Editor

3.2 Methods

3.2.1 Study the chemical process flowsheet, the object technologies

and the C#Builder.
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3.2.2 Analysis

Analysis is the first technical activity in object-oriented technology using

the object-oriented analysis (OOA) of Pressman, Roger S. That is, the software

architecture is analyzed in an effort to model a problem by representing object,

athibutes, and operations zls the primary modeling components and class hierarchies as

the relationship between any two classes that are connected. The OOA can derive in

the following step (8):

3.2.2.1 Identify classes

The technique for identiffing classes is to perform a grammatical parse on

the processing narrative for the syste,m. All nouns become potential objects. The

potential object can be exte,mal e,ntities, things, occrure,nces or events, roles,

organizational units, places or stnrcturds.

3.2.2.2 Create object-to-object relationships

The object-relationship is considered using a grammatical parse. Verbs are

isolated that indicate physical location or place,me,n! communications, ownership, and

satisfaction of a condition. These provide an indication of a relationship. The object-

relationship model is represented by Coad and Youndon (11) notation.

3.2.2.3 Create object behavior model

The object behavior model indicates the behavior of individual objects and

the overall behavior of the object-oriented systeur. Using a grammatical parse, verbs

become candidate operation. Each operation that is chosen for a class exhibits a

behavior of the class. The behavioral representation is a representation of how events

cause flow from one object to another called an eve,nt trace. An event flow diagramCopyright by Mahidol UniversityCopyright by Mahidol University
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(12) is used to represe,nt all of the events that cause fansitions between object can be

collated into a set of input events and output eve,lrts.

3.23 Design

Object-oriented design fransforms the analysis model created using object-

oriented analysis into a design model for software construction. The tasks of the

object-oriented desigp by Pressman (8) are:

3.2.3.1 Subsystem design

The analysis model is partitioned into subsystem for layout a schedule. In

addition to, the collaborations that exist betwee,n the subsystems are also defined.

3.2.3.2object design

Object design contains a description of each class, which contains a set of

athibutes and operations using the processing narrative for the problem. In addition

to, all database are design for the class needed to store and retrieve the data

3.2.3.3 User Interface design

In this step, the external interfaces are established. That is, the interactive

screen that user will use to work with the system are created such as menus, symbol

palette, drawing area.

3.2.3.4 Procedural design

Algorithms and data stnrctures are designed. An algorithm is created to

implement the specification for each operation in English staternents. Data structures

are derived from the attributes that appropriate for algorithms.
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3.2.4Implementation

Object-orie,nted programming extends the design model into a Cr+builder

using target from object-oriented design.

3.2.4.1 Develop user interface

All screens on the human interface design are created on C+builder form.

3.2.4.2 Coding

In this step, each operation is coded using designed algoritbms that relevant

data sfiucture of the atfibute. And the system will be programmed in Cr-rbuilder

3.2.5 Testing

All objected-orie,nted models should be tested for correctness, completeness

and consistency. Testing softrrare uses the following step:

3.2.5.1Class testing

In this step, each classes are tested that is the operations e,ncapsulated by

this class and the state behavior of this class are also tested. And the values of its

athibutes at'e examined if errors exist.

3.2 5.2 Integration testin g

The dependent classes are tested and the independent classes that used by

the dependent classes are tested continues rmtil the entire syste,m.

3.2.5.3 Validation testin g

In this ste,p, using black-box testing that atte,mpts to find errors in the

requirements specification and using example of flowsheet in Appendix A for testing.
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3.2.6 Evaluation

In this step, the software is evaluated the expected benefits to ensure that

the flowsheet are drawn quickly and completely

3.2.7 Develop user manual for describing step of using program
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CHAPTER TV

RESI]LTS

In this chapter, to illustate the results of working step that consists of the

results of the analysis step and the design step.

4.1 The results of the analysis step

The grammatical parse on the processing narrative of the software (called

ChemProc) creation for drawing the flowsheet can be stated in the following

paragraphs. To illustrate, underlining the first occurrence of all nouns and italicizing

the first occlrrence of all verbs isolates all nouns and verbs in the narrative that shown

inthe following:

Figure 4.1 Softrrare architecture ofthe ChemProc System

ChemProc is the software that supports b dr6vv the flowsheet. As shown in

Fignre 4.1, the user must choose a symbol through the sy,mbol palette 1$ placed :rnfts

ChemProc.exe System

User Interhce

@
Symbol Palette

Drawing area

Working area

Ortput report

AEquipment l*-1alio. l-l AComponent
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the flowsheet sn6tnput detailed infonnation of each synbol to the syrnbol table. The

symbol palette consists of a line symbol palette and an eouipme,nt svmbol palette.

During creation, each slmbol can 6s changed color, ant, copied, pasted, deleted,

moved, grouped with any slmbol, ungrouped to se,parate symbol, added 1s*

equipment symbol za6modified sbe for making the completed flowsheet. Each line

symbol is assigned a source and destination equipme,lrt slmbolby connected to any

equipment symbol. After the connection" the input and output number of all symbol

on the flowsheet must be verified. In addition, the user sa1- manipulate grc created

flowsheet file trough the me,lru.

4.1.1 Identify classes

Extracting the nouns or noun phrases in the processing narrative, the

pote,lrtial objects can be proposed and considered for inclusion in the analysis model:

Potential Object / Class

Computer-Aided..

Software

Flowsheet

User

Symbol

Svmbol palette

Detailed information

Srmbol table

Line palette

Equipment palette

'Irrelevant. Rejected

- Irrelevant. Rejected

- The main class of the system. Kept

- Inelevant. Rejected

- Usefirl class. Kept

- Allows the userto select the symbol for draw. Kept

- Atfiibutes. Rejected

- A class which is needed-to edit the specification. Kept

- A tlpe of the symbol palette. Kept

- A type ofthe syrrbol palette. Kept
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Line - A type of the syrrbol. Kept

Equipment - Alpe of the equipment. Kept

Input number - Attribute. Rejected

Output ntrmber - Attibute. Rejected

Flowsheet File - Atfibutes. Rejected

Menu - Allow the user to manipulate the flowsheet. Kept

The above list some of the rejected potential objects will become atEibutes

for those objects that were accepted. And this list is not all classes in the software that

additional classes would have to be added to complete the model.

Added classes

Label - The class that needed to manage the caption of each symbol.

Group - A part of flowsheet that point to the grouped line and equipment.

Drawing area - Allows the user to communicate with the flowsheet

Data Dictionary

A data dictionary stores descriptions ofeach class. These descriptions are

inte,nded to be used to understand the syste,m.

Class Name Description

Flowsheet A unit that would maintain all slmbols placed by the user.

Slmbol A qmbol manipulates drawing that it is designed to do.

Slmbol Table The user inputs equipme,nt specification for equipment synbol

(Alias Table) and input material properties for line symbol through this unit to

the equipment and line synbol.

Copyright by Mahidol UniversityCopyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tecb" of inform. sys. manag) / 29

Class Name Description

Symbol palette The user selects the symbol image for draw on drawing screen.

Line This unit which would enable the user to draw the chose line

synbol on the palette.

Line palette The user selects the line tlpe for draw on drawing screen

through this rmit.

Equipmelrt This unit which would e,nable the user to draw the chose

equipme,nt slmbol on the palette.

Equipment palette The user selects the equipment tlpe for draw on drawing screen

through this unit.

Menu A unit manages a certain activity that it is designed to do.

Label This unit is the qanbol narne label that allows the user to move

the synbol name to any position.

Group A unit that would manages a symbol goup on the flowsheet.

Drawing area A unit which would enable a user to draw the flowsheet.

4.1.2 Create object-to-object relationship

Al[ statement in the process narrative are extracted and considered for

establishing the classes relationship by deriving the verbs and verb phrases in the

statement.

Identilication of classes relationships

ChemProc is uses to draw the flowsheet. - Irrelevant. Ignored

A symbol is chose through the slmbol palette. - Irrelevant. Ignored
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The symbol is placed into the flowsheet - Relationship between slmbol and

flowsheet. Kept

The user must input detailed information to - Implied relationship between table

the table. and line and between table and

equipment. Kept

The line palette and the equipment palette - Relationship between rymbol

are the symbol palette. palette and line palette and

equipment palette. Kept

The user can be change color. glg cop)t paste. - operation. Iguored

delete. move. group with any slmbol, un8roup

to se,parate slmbol, addnew equipment slmbol

and modifu size the synbol.

The line ryanbol is connected to any equipment - Operation. Ignored

symbol.

The input and output number of all qmbol on - operation. Iguored

the flowsheet must be verified.

The user can manipulate the created - Implied relationship between

flowsheet lile trough the menu. flowsheet and menu. Kept

Implied relationshiPs

Label is a part of line. - Relationship between line and

Label. Ke'pt

Labet is a part of equipment - Relationship between equipme,lrt

and label. Kept
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- Relationship between group and

flowsheet. Kept

Drawing area conligures the flowsheet - Relationship between drawing area

and the flowsheet. Kept

Drawing area monitors the symbol palette. - Relationship between drawing area

and slmbol palette. Kept

Images of the symbol image are draw on - Relationship between drawing area

drawing area. and line and equipment. Kept

Line is type of the symbol. - Relationship between symbol and

line. Kept

Equipment is type of the symbol - Relationship between symbol and

equipment. Kept

The user can new and close the drawing - Relationship between menu and

area trough the menu. drawing area. Kept

The user can show the symbol palette - Relationship between menu and

trough the menu. synbol palette. Kept

Specilication of the semantics of the relations

In this step, objects are connected to other objects using named

relationships and an overall network of relationship is established.

1. Flowsheet uses sYmbols.

Name: Flowsheet manages s1m.bols.

Multiplicity: Flowsheet: 1 SYnboL n
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2. Line is a slmbol.

Name: (inelevant)

Multiplicity: (irrelevant)

3. Equipme,nt is a slmbol.

Name: (irrelevant)

Multiplicity : (irrelevant)

4. Line uses a table.

Name: The detailed information of Line is inputted via table.

Multiplicity: Line: I Table: 1

5. Equipment uses a table.

Name: The detailed information of Equipment is inputted via table.

Multiplicity: Equipment 1 Table: I

6. Line uses a label

Name: Line label is illusfrated using a label.

Muttiplicity: Line: I Label: I

7. Equipme,nt uses a label.

Name: Equipment label is illusfrated using a label.

Multiplicity: Equipment: 1 Label: I

8. Line uses a drawing area

Name: Line is draw on a drawing area.

Multiplicity: Line: n Drawing area: I

9. Equipment uses a drawing area

Name: Equipment is draw on adrawing rea

Multiplicity: Equipment: n Drawing area: I

Results / 32
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10. Flowsheet rxies a drawing area

Name: Flowsheet is communicated via a drawing area.

Multiplicity: Flowsheet: I Drawing area: I

11. Drawing axea uses a slmbol palette.

Name: Drawing area monitors a rynnbol palette.

Multiplicity: Drawing area: I Symbol palette: 1

12. Line palette is a slmbolpalette.

Name: (inelevant)

Multiplicity: (irrelevant)

13. Equipmentpalette is a slmbol palette.

Name: (inelevant)

Multiplicity: (irrelevant)

14. Flowsheet has goup.

Name: Flowsheet has group of slmbols.

Multiplicity: Flowsheet: I

15. Flowsheet uses menu.

Group: n

Name: Flowsheet is configured by me,lru.

Multiplicity: Flowsheet: I

16. Symbol palette uses menu.

Menu:1

Name: Syrrbol palette is showed by menu

Multiplicity: Synbol palette: 1 Menu: I

17. Drawing areauses menu.

Name: Drawing area is showed and closed by me'lru

Multiplicity: Drawing area: I Menu: 1

447 37
t t+'-f 30o(
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Specify structures and hierarchies

A generalization-specialization structure and a whole-part structure by Coad

and Yourdon (11) are used for define the strtrcflre of the class and hierarchies and

using the notation represented in Figrre 4.2. A whole-part stnrcture also has

cardinality, asi represented by one-to-many or many-to-many. The double-headed

axrows represent commrmication paths between objects contained within the subject

references. The detailed structues are shown in Appendix B.

Figne 4.2 Preliminary strucfire analysis with subject references

4.1.3 Create object behavior model

In this step, all events have been identified and allocated ;o the object

involved. The eve,lrt flow diagram is developed to represent all events that flow into

and out of an object as shown in Figrne 4.3 - 4.8-

Symbol ready

Add anew equipment qrmboU

select a equipment rynbol

Activate slmboVReady
for next action

Figure 4.3 A partial event flow diagram for adds and selects a new equipment

symbol

fornext action

Figrrre 4.4 Apaxtial event flow diagram for selects a new line symbolCopyright by Mahidol UniversityCopyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of inform. sys. manag) / 35

Selects symboU places activate symboU

User I)rawing area
\ruY IUI

next action Drawing/
image of s;

Active s1

request d
change p
change sj

deleting I

rmbol J

X'low

-*r l
rawind I

osition/ Izel

Symbol active/
change positior/
change size

Symbol

Figrrre 4.5 Apartial event flow diagram for creates symbol and manipulates symbol
on flowsheet

moves slmboUmodif, sizeof symbol

Group/UnGroup symbol

Show input flowsheet sizel
show save dialog box/ ready
for next action' 

Request Initial flowsheev
requests save or save as

flowsheet to file
Ready for next action

Activate symboV Request Save or Save

as activity of symbol to file 
Resize areal Initial
empty screen

Drawing at
curent
position

User
vrwsP, vuvrvsl, rrluvvr Ll

'1.-------Fi--r -r-- I

Drawing area

Request symbol it
grouped/ request I
selected

Peadw fnr nevt aetiwifw

r area that I I Draw activr
poupthar I I i. i, areat d

| ] active syml

,s)
ont
lol

Group f,'lowsheet

in-group/ Reouests
deletessymbol boundary'
in-group

rmb
is it

ol thatl T s"o*
,*.u I | 'y.u,

Symbol

rl in area

re symbol that
don't show

identification of

Figure 4.6 Apartial event flow diagram for groups and ungroups symbol on flowsheet

Initial
flowsheet/
Ready for
next action

Ready for
action

Request
the
drawing
area show

Fieure 4.7 Apartial event flow diagam for uses new. save. and save as menuCopyright by Mahidol UniversityCopyright by Mahidol University
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Selects Opea Cut, Copy, Paste, Delete,
Change color, Change font Report,
Table and Zoom menu

Changes
detailed
information
of symbol

Activate slmboU certain astivity/ save the selected
qrmbol to buffer/ get data of symbol from file or
buffer on request

Change detailed of slmbol
Draw rymbol from open or paste

activity/ Delete symbols from cut
or delete activity on requesl

Figrre 4.8 A partial event flowdiagram for uses menu and input symbol
specification

4.2The result of design step

4.2.1 Subsystem design

The analysis mode is partitioned into the zubsystem by their responsibilities.

The subsystem design is shown in Figrre 4.9.

Ready
for next
action

Show reporU show open dialog bo:r/
ready for next action.

Ready for input or edit equipment
specification of equipment qmbol or
material properties of line symbol.

Activetable of
detailed information

Change symbol image/ change color/ change

font on request/ ready for next action

The User Interactive
subsystem

Figure 4.9 Azubsystem desigpCopyright by Mahidol UniversityCopyright by Mahidol University
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When two subsystems communicate with one another, it is necessary

define the collaborations. Figure 4.10 provides a representation of collaboration.

Figure 4.10 Abbreviated subsystem-collaboration Saph for the system

4.2.2 Obiect Design

. 
Object design of the 6l)rawing'subsystem

Class in this subsystem:

- Symbol

- Line

- Equipment

- Table

- Label

Class: Symbol

Attributes : Scale (type integer)

Llnfo (type line class)

Slnfo (type equipment class)

Previous and Next (type symbol class)

Operations: Construction

Deconstnrction

Ctearlinkl-ist

AllocateNodeline

Request for qmbol on flowsheet
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AllocateNodeSymbol

Insert}.lode

DeleteNode

CopyNode

Aass: Line

Attributes ; ID, Type, Scale, disX, disY, StartPoint, SourcelD, DestinatelD,

MaxData, NumData and numComp (t1pe integer)

Bormd (tlpe stnrc ofboundarythathas Left, Right, Top, Bottom,

width, Height)

Name (|rpe string)

Data (tpe array of integer)

NameData (type aray of string)

Table, TableSpec and CompTable (type table)

Label (tpe label)

LColor (t1pe color)

Operations: Constnrction

Deconstnrction

SetBound

ChecklnputAodOutput

DrawState

Resize

Drawing

Move

Modiff

EditTable

DeleteRecord

DeleteCompRecord

EditCompTable

Save
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SaveNode

. OPen

GetDataOnTable

ChangeColor

ChangeFont

Table Specifications

Table: Line

Table for storing the detailed information of Line object

Table 4.1 Cohrmn definitions of the line table
Key uolumn name rype size

! ID Integer

TlpeID Integer

Tlpe Text 15

Name 'I'ext 15

Component Integer

Source Slmbol Tlpe Text 15

Destinate Syrnbol Tlpe Text 15

Sowce Symbol ID Integer

Destinate Synbol ID Integer

Source Point Integer

Destinate Point Integer

Left Integer

Risht Integer

Top Integer

Bottom Integer

StartPoint Integer

DisX Integer

DisY Integer

Startx Integer
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Table 4.1 (continued)

l(ey uolullm name Iype $rze

StartY Integer

EnO( Integer

EndY Integer

FontName Text 30

FontSize Integer

Color 'I'ext 30

Table Specilications

Table: Component

Table for storing the material property of component in Line object

Table 4.2 Column definitions of the compone,lrt table
Key uolumn name 'r'ype srze

{ TableID Integer

v CompNo Integer

SpecNo Integer

FieldO Text 10

FieName0 Text 25

Fieldl Text l0

FieNamel Text 25

Field2 Text 10

FieNarne2 Text 25

Fielff! Text 10

FieName3 Text 25

Field4 Text 10

FieName4 Text 25

Field5 Text 10

FieName5 Text 25

Field6 'I'ext 10
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Table 4.2 (continued)

Key uorumn name 'r'ype size

FieName6 Text 25

FieldT Text l0

FieNameT 'I'ext 25

Field8 Text 10

FieName8 Text 25

Field9 Text l0

FieName9 'l'ext 25
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Class: Ettruipment

Attributes ' ID, Ty?e, Scale,InputNo, OutputNo,Input, Output, Ma:rData and

NumData(tpe integer)

Bound (type stnrc ofbonndary that has Left, Right, Top, Bottom,

Widtb" Height)

FileSymbol andNarne (type string)

Data (t1rye array of integer)

NameData (type array of string)

Table and TableSpec (q/pe table)

Label (tpe label)

SColor (t1pe color)

Operations: Construction

Deconstnrction

SetBound

ChecklnputAndOutput

DrawState

Resize

Drawing

Move

Modiff

EditTable
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DeleteRecord

DeleteCompRecord

EditCompTable

Save

SaveNode

Open

GetDataOnTable

ChangeColor

ChangeFont

Table Specifications

Table: Equipment

Table for storing the detailed information of Equipment object

Table 4.3 Column definitions of the equipment table
I(ey L:olunm name 'r'ype Dtze

( ID Integer

TlpeID Integer

Tlpe Text 15

Name Text 15

InputNumber Integer

OutputNumber Integer

Left Integer

Risht Integer

rop Integer

Bottom Integer

FontName Text 30

FontSize Integer

Color Text 30

FileSymbol Text 30

Spec No Integer
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Table 4.3 (continued)

Key uomnrn name 'r'ype Size

Valid Input Integer

Valid Output Integer

Field0 Integer

FieNameO Text 25

Fieldl Integer

FieNamel Text 25

Field2 Integer

FieName2 Text 25

Fieldi Integer

FieName3 Text 25

Field4 Integer

FieName4 Text 25

Field5 Integer

Text 25

Field6 Integer

FieName6 Text 25

FieldT Integer

FieNameT Text 25

FieldS Integer

FieName8 Text 25

Field9 Integer

FieName9 Text 25

Fac. of Grad- Studies, Mahidol Univ.

Closs : Table

Attributes : TabSheet (t1pe TabSheet)

DBEdit (type DBEdit)

Panel (tpe Panel)

Comp (tlpe array ofboolean)

NameData (t1pe array of sting)
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LineActive (t1pe boolean)

numData and numComp (tpe integer) 
'

Operations: Constnrction

SetTabSheet

Show

CloseTable

Results / zl4

Class: Label

Attributes : Bormd (t1pe stnrc ofboundary that has Left, Right, Top, Bottom)

Pe,nColor (t1pe color)

FontName and Text (trce string)

FontStyle (tlpe font style)

FontSize, Scale, DisX and DisY (tpe integer)

Operations: Constuction

SetBound

Move

Drawing

ChangeText

ChangeColor

ChangeFont

SetFontSize

Object design of the cControl" subsystem

Class in this sub$.vstem:

- Flowsheet

- Group

Class Ffusheet

Attributes : T]rye, SlmbolNo, LineNo and Scale (tlpe integer)

Lline, LSynbol, LBuffand SButr(tpe link list of qmbol class)

Group and LGroup (tlpe Group class)
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InGroup (tlpe Boolean)

GroupNo (type integer)

Operations: Constnrction

Deconstnrction

SetCursor

DeleteSlmbol

CleanNodelmage

Drawing

DrawState

Move

Modifu

SaveFlowsheet

Ope,nFlowsheet

ShowReport

CopyToBuff

PasteToFlowsheet

ResizeFlowsheet

EditTable

CloseTable

UpdateData

GroupSlmbol

SetGroup

UnGroup

CleanGroup

ChangeColor

ChangeFont

Class: Group

Attributes : Scale,ID, T)pe and GroupID (type integer)

Previous and Next (tlpe Group class)

Table (tpe Table)
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Operations: Construction

ChecklnGroup

InsertTo

DeleteNode

Closs:

Attributes:

Table Specifications

Table: Group

Table for storing the detailed information of Group object

Results / 46

Object design of the *User Interactive" subsystem

Class in this subsystem:

- Menu

Symbol palette

Line palette

Equipment palette

Drawing area

Menu

Flowsheet (type flowsheet class)

FileNarne and Font_Narne (b/pe sting)

Font_Size (type integer)

Font_Style (t1pe FontSffles)

New, Open, Save, SaveAs, Close, Print, Exit, Cut, CoPy, Paste,

Delete, Group, Ungroup, Font, Bol4Italic, Underline, Change Color,

Table 4.4 Column definitions of the

SymbolID

lmbolTlpe
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Change Specification, Symbol, Table, Zoom in, Zoomout, Report,

Help Topics and About (t1pe menu item)

Operations: Consbnrction

ConfirmSaveFile

SetMenu

NewClick, OpenClick, SaveCliclq SaveAsClick, CloseCliclq

Printclick and ExitClick

CutClick, CopyClick, PasteClick, DeleteClick, GroupClick and

UngroupClick

FontClich BoldClick, ItalicClick and UnderlineClick

Change ColorClick and Change SpecificationClick

SymbolClick, TableClick, ZoominClich Zoom outClick and

ReportClick

Help TopicsClick and AboutClick

Class: Spbolpalette

Attributes : Table (tpe table)

Tpe (type integer)

Operations: Show

Table Specilications

Table: Slmbol Specification

Table for storing the specification of each slmbol type.

Table 4.5 Column definitions of the slmbol specification table
Isey column name Iype slze

J SynbolTlpe Integer

InputNumber Integer

OutputNumber Integer

@er Integer

Namel Text 25
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Key uommn name 'r'ype Size

Name2 Text 25

Name3 Text 25

Name4 Text 25

Name5 Text 25

Name6 Text 25

NameT Text 25

NameS Text 25

Name9 Text 25

Namel0 Text 25

Specification Name Text 25
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Class: Linepalate

Attributes : Pointl, Line, Instrume,lr! Orifice, GateValve, GlobeValve,

CheckValve, ReliefValve and ControlValve (t1pe button)

Operations: Click

Closs: Elluipmentpalette

Attributes : Point2, HeatEx, WaterCooler, Stbamlleater, Reboiler, Jcondenser,

Conde,nser, Absorber, Sfrippo, MixoTank, LiquidTanh

plsssure:fank, Jkettle, Reaction, Ppump, Cpump, Compressor,

Furnace, Distillation, Bfractionating, Sfuctionating,Separator,

Vvessel, Hvessel and Other slmbol (t1rye button)

Operations: Click

OtherSymbolClick

Class: Drawing area

Attributes : Initid)L InitialY, T1pe, State, Zoomlnd (Epe integer)

Operations: Show
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FormDeshoy

MouseDown

MouseMove

MouseUp

ShowPosition

ZoomlnOrout

4.2.3 User Interface design

The interfaces of class in the user interactive subsystem are design

following the C+r builder form. That is, the forms are divided into the menu form,

the slmbol palette form that consists of a line palette and an equipment palette and the

drawing area form. Therefore, the software utility forms are also design such as the

table form of the line and the equipmen'q the symbol specification table fonn, the

report and the output report. The user interface design is shown in Appendix B.

4.2.4 Pr ocedural design

The procedural of each class operations is illusftated in Appendix C.

Copyright by Mahidol UniversityCopyright by Mahidol University



Roschong Sakdumrong Discussion / 50

CHAPTERV

DISCUSSION

In this chapter, the object-oriented technologies and C+r builder that used

in this research methodology are discussed.

For this reseaxch method, the object-orie,nted technologies by Pressman"

Roger S. approach are used to design and develop the Che,mProc system. Based on

the object-orie,nted technologies, the software can be adapted easier and fewer side

effects when changes.

The first step in object-oriented approach is object-oriented analysis (OOA)

that the classes are identified, created relationship and defined behavior. So the

developer can clearly understand the require,me,nt and know that what must be built.

The next step is object-orie,nted design (OOD) that uses the analysis model

for the design in the C# builder application. Which the designed component should

be reusable and flexible. Thus, this ste,p is the difficult task and spends a lot oftime.

After that, the results in the desigo step are imple,me,nted in the C+ builder.

The C# builder is the tool, which zupport encapzulation, data hiding, reuse and

inheritance that are the characteristics of object-oriented technology. As the results,

the implementation is easy step. However, the C+r builder characteristics spe,rd a lot

of time on studying the compone,nt properties and delegation model for building the

Fogram.
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CHAPTERYI

CONCLUSION

This paper illustrated each step in these research methods that using object-

oriented approach for designs and develops the software on the C+r builder. Thus the

developer that interested in object-orie,nted technology for develop the system on C#

builder can use this research as a guideline. For this chapter, the results of this

research are concluded from the objective, the expected results and the software

working.

To achieve the objective of this research, the ChemProc is designed and

developed for drawing the chemical process flowsheet. This software has the three

main functions: the drawing function, the confiolling firnction and the utility function.

o The drawing function creates or deletes the symbol on the flowsheet and

changes position and size of the selected slmrbol.

o The contolling function manages all symbols on the flowsheet. That is,

the symbols placed on the flowsheet are linked to another symbol on the

flowsheet for managing the information of each symbol. Furthermore,

the equipment slmr.bol can be connected to any line symbol.

o The utility function provides wer supports for ease of work with the

software and supports for creating the completed flowsheet. Such as, the

program has function to manipulate the flowsheet file or to update the

synbol specification data in the sprbol table. The symbol specification
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data in the softurare contains data for 10 options specification that can be

defined by user. That the user should define the syrrbol specification

ttrye at the initial drawing the flowsheet.

The ChemProc softurare can help the che,mical engineer to draw the

flowsheet in some parts that following the expected results:

o Save time in drawing the flowsheet.

. Easy to create each synbol on the flowsheet.

. Easy to manipulate flow. That is, the user can move any slmnbol on the

flow and will automatically correspond to the moved symbol.

o New qanbols canbe easily added to the software.

o Reduce the human error by automatic validate information in the input

and output symbol.

o Each qmbol contains the specification data.

However, there are some disadvantages of the softurare. For the ChemProc,

the change color function can not be used with the slmbols defined by user. In

addition to, the size of the slmbol table that contains the specification data of each

slmbol is reasonably lrge. Because each qmbol has many essential detailed

specifications.

In summary, the Che,mProc is dwelope( which achieve the objective and

orpected results.

Copyright by Mahidol UniversityCopyright by Mahidol University



Fac. of Grad- Studies, MahidolUniv. M.Sc. (Tech" of inform. sys. rnanag) / 53

Recommendation for future develops

'Base on the ChemProc, the another fimctions can be added in this

application such as:

o The flowsheet can be processed to produce a particular product or other

relevant product.

o The flowsheet can be a reasonable approximation of the best economic

fl owsheet for production.
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APPEI\DIX A

FLOWSHEET
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In this chapter, to illustrate some flowsheet and symbol that used in the

Computer-Aided Chemical Process Flowsheel The symbol is divided into the line

symbol that shown in Figure A.l and the equipment symbol that shown in Figure A.2.

symbol Description symbol Description

.# Newlines Globevalve

<-l<F

0
a

-rc-
Figure A.l Some type of flow sheet symbols, particularly for detailed equipment flow
sheet @eters and Timmerhaus, 1991)

+ Steamheater

Z, Rebo,er

{ 
Jetcondenser

A, condenser

Heat exchanger

Water cooler

El- vruo'uok

.4.
l_l Liquid tank

0 Pressuretank

Fractionating tower

Arfl uuuu"*r

A
q .""tosidePan

V 
Jacketedkettle

AtJ
# Distillation column

Ub
A Reaction

U

? Pistonpump

d Cenritugalpump

T compressor

+
{4

Gas and/orwater
separator

Vertical vessel

Horizontal vessel

I_El
ltl Absorber

'LJY
+

il Stripper

\.
{4{$. Furnace

Instrument lines

-{F orifice

* Gatevalve

Check valve

Relief valve

Control valve

Figrre A.2 Some type of equipment symbols @eters and Timmerhaus, l99l)
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Example of flowsheet

This section has some flowsheet that used as example for drawing and used

in the validation test step.

COMPRESSOR

Liquid lines
Vapor lines

Figure A.3 Flowchart for lube oil deasphalting (George, 1984)

DEASPHALTING
TOWER

Steam

FLASH
DRI.'M

Figne A.4 Hydrocracking (George, 1984)
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Computer-aided che,mical process flowsheet has mony symbol types that

support flowsheet in the Figure A.3 and Figure A.4 as shown in table A.l.

Table A.1 Symbol tfpes checklist
symDol O?e uymDor rn

Iigure A.3

DymDot rn

Iigure A.4

Control valve 3 I

Heat exchanger 2 I

Water cooler

Steam heater

Reboiler

Jet condenser I

Condenser I

Absorber

Sfripper

Mixer tank

Liquid tank I

Pressure tank

Jacketed kettle

Reactor I

Piston pump

Centritugal pump 2 I

Compressors I I

Fumace I

Fractionating tower: bubble trays I I

.t-ractronatrng tower: srde-to-srde pans

Distillation column 2

Gas and/or water separator 2

Vertical vessels I

Horizontal vessels
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Figure A.5 Qualitative flow diagram for the manufacture of sodium dodecylbenzene
sulfonate @eters and Timmerhaus, 1991)

Legend:
Equipment and valves
FV Flow-control valve
T Tank
P Pump
PV Pressure-confrolvalve
RV Reliefvalve
V Valve

Instuments
P Pressure
T Temperature
L Level
F Flow
I Indicator
C Controller
A Alarm(HHigh LLow)

I in-

Figure A.6 Diagram used in HAZOP example (Peters and Timmerhaus,lggl)

RV-

Flarmable-liquid
storage tank

T-l
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APPENDD( B

CLASS HIERARCTIIE' AI\D USER INIERFACE DESIGN
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This chapter illusEates the class hierarchies in the analysis step and the

designed screen in the user interface design step.

Figure 8.2 The zubclass sfrucflre in the symbol zubject

Figure B.3 The subclass shnrcture in the drawing area subject

The subclass structure in the subject references

Figure B.l p1g[iminary stnrctue analysis with subject references

-J: \-/vtzl _-. YlE

Figure B.4 The subclass struchre inthe menu subjectCopyright by Mahidol UniversityCopyright by Mahidol University
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Figure B.5 The subclass stnrcture in the symbol palette subject and the flowsheet
subject

TITF.. USER INTERFACE DESIGN

At the initial the ChemProc softtrrare, the starting screen is shown that

illustated in Figtre 8.6. This screen consists of the menu form that shown in Figure

B.7 and B.8, the symbol palette form that shown in Figrre B.9 and the drawing area

form that shown in Figure B.10.

J$ZIC
latdttY.

Figure B.6 The starting screen

447 37 I t T+q]co$'
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The menus form

Appendix B / 64

Figrne B.7 The menus form

ffiIffiffiffiIiFlwwwffi#ffiwiryl
lffi,ffi,,.ffi 

ffi *s*;+qtri @l km+ ffi |lffim**lstrir-,| fl&HJJ
ffi@n.*, #, ffi'' I

Figure B.8 The menu items in the menu form

The symbol palette form

This form is divided into the line palette and equipment palette.

2. Equipment palette

Figrne B.9 The symbot palette form

The drawing area form

l. Linepalette

Figrrre 8.10 The drawing area fonnCopyright by Mahidol UniversityCopyright by Mahidol University
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The table form

This form is shown when the user want to edit or update the technical

specification of qymbol on the flowsheet that divided into two type of symbol.

Accordingly, this form divided into the line table and equipment table.

1. The line table consists of the line specification and the component specification.

Figure B.l I The table form in the line specification page

2. The equipment table consists of the equipment specification.

Figure B.l2 The table form in the equipment specification page

The symbol specification form

This form is the table that the user can edit the specification type of each

symbol.

Figure B.l3 The symbol specification tableCopyright by Mahidol UniversityCopyright by Mahidol University
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The output report

This part is divided into the report of the line symbol and the equipment

symbol that illusfrated the detailed information. Another type of report is the

flowsheet image that shorm in the Figrre B.l4 using the flowsheet in the exanrple of

flowsheet in Figure A.4 atthe Appendix A.

Figrre B.l4 The example of flowsheet is created by the ChemProc

The report form

The report form illusEates the technical specification of line and equipment

that edited or updated by user.

l. The report form ofthe line symbol.

gett@ Ur. S
TFdEarb.l , -
lFdd..tdr-d.b&&!p
edc@ ,3

Figrre B.l5 The line report forrrCopyright by Mahidol UniversityCopyright by Mahidol University
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2. The report form of the equipment symbol.

8Ylf80L gtEcEtairroM

li.liUa btt A
N&oteF I t
N-3dOF ! r

rTe. 0

b!0
lEL, O

Figure 8.16 The equipment report forrr
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APPENDIX C

PROCEDT]RAL DESIGN
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In this chapter, to illustate the procedural of each operation in all classes.

The procedural designed is divided into to 3 part following the subsystern:

1. The drawing subsystem

2. The main subsystem

3. The user interactive subsystem

Procedural design of the "Drawing" subsystem

Class in this subsystem.

- Synbol

- Line

- Equipment

- Table

- Label

The operation in the symbol class

Construction

Inputs : T)rpe, No, Zoom (type integer)
Outputs: None
Local: None
Purpose : To initialize symbol class.

Algorithm : Assign Scale:Zoom
Assign Previous : NULL
Assign Next: NULL
Assign Slnfo:NULL
Assign Llnfo:NULL

' If Tlpe is line type then Create Llnfo
Else Create Sinfo
End If
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Deconstruction

Inputs: None
Outputs: None
Local: None
Furpose : To deshoy the qeated object class.
Algorithm : Delete Llnfo and Delete Sinfo

Clearl,inkl,ist

Inputs : LinlJ-ist (t1pe slmrbol class)
Outputs: None
Local : Tmp (tpe slmbol class)
Purpose : To delete all nodes in the LinlList.
Algorithm : Go to the first node of Linl[ist

Repeat
Assign Tmp : LinlJ-ist
Assign Linklist: Next of LinlI-ist
Delete Tmp

Until Linklist is e,nd

Insertl\ode

Inputs : Linh Node (tpe slmbol class)

Outputs: None
Local: None
Purpose : To insert a node to the Link
Algorithm : Go to the first node of Link

Repeat
If Tlpe ofNode < Type ofthe cure,ntnode of Link then

Copy Node from Frevious of curre, rt node of Link
Retum

Else Go to the next node of Link
EndIf

Until the curre,lrt node of Linh is the last node
Copy Node from Next of cune,lrt node of Link

DeleteNode

Inputs : Node (tpe of symbol class)

Outputs: None
Local : Tmp (tpe q'mbol class)

Furpose : To delete a curre,lrt asds ef link list of qmbols
Algoritbm : If a link list has one node the,n Delete Node

EndIf
If a c,rre,lrt node is the first aefls sf link list then

Assign Tmp =5o6.

Appendix C / 70
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Assign Node: Next ofNode
Assign Next of Tmp : NULL
Delete Tmp

End If
If a current node is the last n6ds 6f link list then

Assign Tmp = Node
Assign Node: Previous ofNode
Assign Previous of TmP:NULL
Delete Tmp

End If
AssignTmP:Node
Assign Node : Next of Node
Assigu Previous ofNode: Previous of Tmp
Assign Previous of Tmp : NULL
Assign Next of TmP = NULL
Delete Tmp

The operation in the Line class

Construction

Inputs : Id, t5pe, Zoom (t1pe integer)
Outputs: None
Local: None
Purpose : To initial the line class
Algorithm : Assign ID: id

Assign Tlpe: tlpe
Assign Scale:Zoom
Assign disX:0
Assign disY:0
Assign Mar<Data: 10
AssignnumComp:0
Assign Data[0..ManD al.o,l :'sgtt,
AssignName: ot'ilame"

Assign LColor: the current pen color
Create Label
Create Table that table name is "Line"
Create CompTable that table narne is "Comp"
Create TableSpec that table name is "Syrr.bolSpec"
Assign NumData by retrieve from TableSpec at Field Name
"SpecificationNumbet'' '

Assign NameData by retrieve from TableSpec

Deconstruction

Inputs: None Copyright by Mahidol UniversityCopyright by Mahidol University
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Outputs: None
Local: None
Purpose : To deshoy the created object class
Algorithm : DeleteTable andDelete CompTable

Appendix C / 72

SetBound

Inputs : Xl, YL,X2,Y2 (type integer)
Outputs: None
Local: None
Purpose : To set the boundary of line
Algoritbm : Assign Startx : Xl, StartY = Yl, EndX: X2 and EndY : Y2

If Xl < X2 then Assign Bound.Left = Xl and Bound.Right = 12
Else AssigR Bound.Left: X2 and Bound.Righl:11
EndIf
If Yl < Y2 then Assign Bound.Top : Yl and Bound.Bottom : Y2
Else Assign Bound.Top : Y2 and Bound.Bottom = Yl
End If
If StarD(: Bound.Left Then

If StartY: Bound.Top Then Assign StartPoint: I
Else Assign StartPoint = 2

EndIf
Else If StartY : Bormd.Top The,n Assign StartPoint: 3

Else Assign StartPoint : 4
EndIf

EndIf
Assign Bound,Width: Bound.Right - Bound.Left
Assign Bound.Height : Bound.Bottom : Bound.Top
Call SetBormd in Label

ChecklnputAndOutput

Inputs: None
Ouputs: None
Local: None
Purpose : To show that source and destination of line has equipment or not
Algoritbm : If SourcelD = 0 ofDestinatelD = 0 then Assigu color of Label:'Red"

Else Assign color of Label : the same color as line
End If

DrawState

Inputs:
Outputs:
Local:
Furpose:
Algorith:

None
None
None
To shour that the line is activate.
Set color ='1feal"Copyright by Mahidol UniversityCopyright by Mahidol University
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Draw the rectangle at contol point.

Resize

Inputs : Zoom (q/pe integer)
Outputs: None
Local : OldScale (tlpe integer)
Purpose : To resize the line using percent4ge.

Algorithm : Assigu oldScale: Scale
Assign Scale:Zoom
Assign Star0(: (StartX * Scale/oldScale
Assign EndX: @ndX * Scale/oldScale;
Assign StartY: (StartY * Scale/oldScale;
Assign EndY: @ndY * Scale/oldScale;
Assign disX: (disX * Scale/oldScale;
Assign disY: (disY * Scale/oldScale;
Call SetBoundwith Startx, StartY, EndX, EndY
Call Drawing

Drawing

Inputs: None
Outputs: None
Local : Ver (tlpe boolean)
Purpose : To draw the selected line t1pe.

Algorithm : If Color is not White then
Assign the current pen color: LColor
Assign the curent font color: LColor

End If
If Type is instrument line then

Assign the curent pen style: Dot
Draw line from start position to end position
Assign the current pen style: Solid

Else Draw line from start position to end position a

End If
C all ChecklnputAndOutput
Drawing line image.

Move

Inputs : X1, YL,XL,Y2 (tpe integer)
Outputs : Tlpe boolean
Local : left, top, right, bottom (type integer)
Purpose : To move a currelrt line or a line label to new position.
Algorithm : If the label is moved then

Return Move in Label with Xl, Yl,X2,Yz
End If Copyright by Mahidol UniversityCopyright by Mahidol University
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Assign left: X2 - (Xl - Bound.Left)
Assip top = Y2 - (Yl - Bormd.Top)
Assign right = X2 + @ound.Right - Xl)
Assign bottom :Y2 + (Bound.Bottom - Yl)
If StarD( is Bound.Left then Assign Startx = left and EndX = ri&t
Else Assign Star0(: right and EndX : left
End If
If StartY is Bound.Top then Assign StartY: top and EndY: bottom
Else Assign StartY:bottom and EndY: top
End If
Call SetBound with left, top, right, bottom
CaIl Drawing
Return true

Modify

Inputs : Xl, YL,X2,Y2 (tpe integer)
Outputs : Tlpe integer
Local: None
Purpose : To modiff the sizes of line at start position or end position.
Algorithm : If (X1, Yl) is startposition of line then

Call SetBoundlrithX2, Y2, EndX, EndY
Retunr 1

End If
If CXl, Yl) is e,nd position of line the,n

Call SetBoundwith Star0(, StartY, X2,Y2
Retum 2

End If
If (Xl, Yl) is middle position of line the,n

If Bound.Width > Bound.Height then
Assign disX: )(2 - Bound.Left
Assign Bound.MidX: X2
If Startx: Bound.Rightthen Assip disX: Bound.Width-disX
End If

End If
Else

If Bound.Width > Bound.Height then
Assign disY: Y2 -Bound.Top
Assign Bound.MidY : Y2
If StartY: Bound.Bottom then

Assign disY = Bound.Height - disY
End If

End If
End If
Call Drawing
Return 3

Copyright by Mahidol UniversityCopyright by Mahidol University



Fac. of Grad" Studies, MahidolUniv. M.Sc. (Tech of infor. sys. manag.) / 75

EditTabIe

Inputs : Show (t1pe integer)
Outputs: None
Local: None
Purpose : To prepare and edit the detailed information.
Algorithm : If Table has a record of this line then If Show : I the,n

Call Show in Table for edit detailed information
Return

End If
Insert a new record to Table.
Insert all data of line into Table (zuch as ID, Type, Name, ...)
If Show: L then Call Show in Table for edit detailed information
End If

EditCompTabIe

Inputs : CompNum (type integer)
Outputs: None
Local : curComp, i (tpe integer)' Purpose : To prepare and edit the component material property of line.
Algorithm : Assign curComp: CompNum+l;

If CompTable has a record of this compone,lrt and this line then Retum
End If
Insert ID to CompTable at field ftrme "TableID"
Insert CompNo to CompTable at field name "CompNo"
From i = 0 until i : Ma:<Data

Loop Insert Data[d to CompTable
Insert NarneData[i] to CompTable

End Loop

DeleteRecord

lnputs: None
Outputs: None
Local : NumC, i (tlpe integer)
Purpose : To delete the record of this line from Table
Algorithm : If Table has not a record of this line then Return

End If
Go to arecord of this line
Assign NumC by rehieve from Table at field name "Component
Number"
Fromi:0untili>NumC

Loop Call DeleteCompRecord with i
End Loop
Delete Table at this record
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DeleteCompRecord

Inputs : NumComp (t1pe integer)
Outputs: None
Local: None
Purpose : To delete the record of this component and this line from CompTable
Algorithm : If CompTable has not a record of this component and this line then

Retum
End If
Go to a record of this component and this line
Delete CompTable at this record

Save

Inputs : FileName (t1pe sting)
Outputs: None
Local : TmpTable (t1pe Table)
Purpose : To copy the Table to the Table of file
Algorithm : If Table has not a record of this line then Return

End If
Insert the detailed information that can not edit by user
Create TmpTable that table name is File}.[ame *'T-ine"
Assign TmpTable: Table
If CompTable has not a record of this line component then Retunr
End If
Create TmpTable that table name is FileName + "Comp"
Assigu TmpTable : CompTable

SaveNode

Inputs : FileName (type sfing)
Outputs: None
Local: None
Furpose : To save the detailed information of line in the Table
Algorithm : If Table has not a record of this line then Retum

EndIf
Change the table name of Table to FileName + "Line"
CaIl EditTable with 0 (don't show the table for edit)

Open

Inputs : FileName (type sting)
Outputs: None
Local : TmpTable (type Table)
Purpose : To copy a table of file to the Table and the CompTable
Algorithm : Assign TmpTable: table that table name is FileName * 'T-ine"

If TmpTable is not exist then ReturnCopyright by Mahidol UniversityCopyright by Mahidol University
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End If
Assign Table: TmpTable
Assign TmpTable: table that table nurme is FileNarne + *Comp"

If TmpTable is exist then Assign CompTable : TmpTable
End If

GetDataOnTabIe

Inputs: T(tpeTable)
Outputs: None
Local : left, right" top, bottom (tpe integer)
Purpose : To reEieve the detailed information from the table.
Algorithm : Assign all detailed information of line from Table. (Such as ID in field

name "ID", Name in field name oT.{ame", numComp in field name
"Component Numbe,f'.)
Call SetBound with left, top, right, bottom
Call ChangeText in Label withName

ChangeColor

Inputs: C(tlpeColor)
Outputs: None
Local: None
Purpose : To change color of a selected line.
Algorithm : AssignLColor: C

Call ChangeColor in Label with C
Call Drawing

ChangeFont

Inputs : FName (type sting), FSize (tpe integer), FStyle (type FontStyle)
Outputs: None
Local: None
Purpose : To change font of a line label.
Algorithm : Call ChangeFont in Label with FNarne, FSize, Fstyle

The operation in the Bquipment class

Construction

Inputs : Id, type,Zoom(tpe integer)
Outputs: None
Local: None
Purpose : To initial the equipment class

Algorithm : Assign ID: id, Ty?e: t1pe, Scale :Zoom, ManData: 10,Copyright by Mahidol UniversityCopyright by Mahidol University
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"Specification Numbet''
Assigu InputNo byretieve from TableSpec at FieldName "Input
Numbed'
Assign OutputNo by retieve from TableSpec at Field Name n'Output

Numbet''
Assign NameData by retrieve from TableSpec

Deconstruction

Inputs: None
Outputs: None
Local: None
Purpose : To desfroy the created object class
Algorithm : Delete Table, Delete TableSpec

SetBound

Inputs : Xl, YI,X?,Y2 (tpe integer)
Outputs: None
Local: None
Ptqpose : To set the boundary of equipmelrt
Algorithm : If Xl < X2 then

Assign Bound.Left = Xl and Bound.Rig6l :19
Else Assign Bound.Left = X2 and Bormd.Right = 11
EndIf
If Yl < Y2 then

Assign Bound.Top : Yl and Bound.Bottom = Y2
Else Assign Bormd.Top = Y2 and Bound.Bottom : Yl
End If
Assip Bound.Width : Borurd.Right - Bound.Lef
Assign Bound.Height = Bound.Bottom - Bound.Top
Assign Bormd-MidX = Bormd.Left + @oundRieht - Bound.Leftl?
Assigu Bound.MidY = Bound.Top + @ound.Boffom - Bound.Top/2
Call SetBound in Label with Bormd.Right *2, Bound.Bottom- 1 4, Scale

ChecklnPatAndoutPut

Inputs: None
Outputs: None
Local: None
Purpose : To show that amount of irput and output is valid or not.

Algorithm : If input !: IniputNo and InputNo != 0 Or output !: OutputNo and

Appendix C / 78

Data[0..MaxDat4:0, Name : ot{ame", Scolor:the currelrt pen color,
Create Label, Create Table that table name is "S5mbol"
Assign FileSprbol: "-"
Create TableSpec that table name is "SyrnbolSped'
Assign NumData by retrieve from TableSpec at Field Narne
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OutputNo !:0 then
Assign color of Label:'Red"

Else
Assign color of Label: the same color as line

End If

DrawState

Inputs: None
Outputs: None
Local: None
Purpose : To show that the equipme,lrt is activate.
Algorithm : Set color:'"feal'n

Draw the rectangle at confiol point.

Resize

Inputs : Zoom (tpe integer)
Outputs: None
Local : oldScale (t1pe integer)
Purpose : To resize the equipment using percentage for calculates.
Algorithm : Assign oldScale: Scale

Assign Scale:Zoom
Assign Bound.Left: @ound.Left * Scale/oldScale
Assign Bound.Right : @ound.Right * Scale/oldScale;
Assign Bound.Top : @ound.Top * Scale/oldScale;
Assign Bound.Bottom : @ound.Bottom * Scale/oldScale;
Call SetBound with Bound.Left, Bound.Top, Bound.Right,
Bound.Bottom
Call Drawing

Drawing

Inputs: None
Outputs: None
Local: None
Purpose : To draw the selected equipment t1pe.
Algorithm : IfColorisnotWhitethen

Assigu the current pen color: SColor' Assign the curent font color: SColor
End If
Drawing equipment image.
C all ChecklnputAndoutput
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Move

Inputs : Xl, YL,X2,Y2 (type integer)
Outputs : Type boolean
Local : left, top, right, bottom (t1pe integer)
Purpose : To move a curre,nt equipment or a equipment label to new position.
Algorithm : If the label is moved then

Retum Move in Label with Xl, YL,X2,Y2
EndIf
Assign left: )(2 - (Xl - Bound.Left)
Assign toP : Y2 - (Y1 - Bound.ToP)
Assign right: X2 + @ound.Right - X1)
Assign bottom : Y2 + @ound.Bottom - Yl)
Call SetBound with left, top, right, bottom
Call Drawing
Return tnre

Modify

Inputs : Xl, Y1,X2,Y2 (type integer)
Outputs: None
Local: None
Furpose : To modiff the sizes of equipment at conhol point.
Algorithm : If Xl = Bound.Left then Assign Bound.Left : X2

End If
If Xl = Bound.Right then Assign Bound.Righl:12
End If
If Yl : Bound.Top then Assign Bound.Top : [2
End If
If Yl : Bound.Bottom then Assigu Bound.Bottom Y2
End If
Call SetBormd with Bound.Left, Bound.Top, Bound.Right,
Bound.Bottom
CaIl SetBormd in Label with Bound.Right *2, Bound.Bottom-14, Scale

CallDrawing

EditTabIe

Inputs : Show (type integer)
Outputs: None
Local: None
Ptrpose : To prepare and edit the detailed inforrration.
Algorithm : If Table has a record of this equipment then

If Show:l then
Call Show in Table for edit detailed information.

EndIf
RetumCopyright by Mahidol UniversityCopyright by Mahidol University
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End If
Insert a new record to Table.' Insert all data ofthe equipment into Table
If Show: I the,n

Call Show in Table for edit detailed information
End If

DeleteRecord

Inputs: None
Outputs: None
Local: None
Purpose : To delete the record ofthis equipme'nt from Table
Algoritbm : If Table has not a record of this equipment then Retum

End If
Go to arecord of this equipment
Delete Table at this record

Save

Inputs : FileName (t1pe string)
Outputs: None
Local : TmpTable (tpe Table)
Purpose : To copy the Table to the Table of file
Algorithm : If Table has not a record of this equipment then Return

End If
Insert the detailed information that can not edit by user
Create TmpTable that table name is FileNalne *'oslarrbol"
Assign TmpTable: Table

SaveNode

Inputs : FileName (q/pe string)
Outputs: None
Local: None
Purpose : To save the detailed information of equipment in the Table
Algorithm : If Table has not a record of this equipment then Return

End If
Change the table name of Table to FileNamo * "Slmbol"
Call EditTable with 0 (don't show the table for edit)

Open

Inputs : FileName (tJpe string)
Outputs: None
Local : TmpTable (tpe Table)
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Purpose : To copy a table of file to the Table.
Algorithm : Assign TmpTable: table that table name is FileName * "S)rmbol"

If TmpTable is not exist then Retum
End If
Assign Table: TmpTable

GetDataOnTable

Inputs: T(typeTable)
Outputs: None
Local : left, right, top, bottom (type integer)
Purpose : To retieve the detailed information from the table.
Algoritbm : Assign all detailed information of equipment from Table. (such as ID in

field name "ID", Name in field name'tlame", input in field name
"Input Number".)
Call SetBoundwith left, top, right, bottom
Call ChangeText in Label with Name

ChangeColor

Inputs: C(tlpeColor)
Outputs: None
Local: None
Purpose : To change color of a selected equipme,lrt.

Algorithm : Assign SColor= C
Call ChangeColor in Label with C
Call Drawing

ChangeFont

Inputs : FName (hpe sting), FSize (type integer), FStyle (type FontStyle)
Outputs: None
Local: None
Furpose : To change font of a equipment label.
Algorithm : Call ChangeFont in Label with Fname, FSize, Fstyle

The operation in the Table class

Consfucfion

Inputs : LineorSlmbol (t1rye boolean), numData and numComp (type integer)
andFieldName (type array of string)

Outputs: None
Local: None
Purpose : To initial a table classCopyright by Mahidol UniversityCopyright by Mahidol University
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Algorithm : Assign LineActive: LineorSlmbol
Assign numData: nData, Assign numcomp : ncomp
Assign NameData[0..numData] : FieldName[0..numData]

SetTabsheet

Inputs : Start (t1pe integer)
Outputs: None
Local: None
Purpose : To create the tabsheet for each compone,lrt of line.
Algorithm: Create TabSheet from 0..numComp

Create Panel from 0..numData In each TabSheet
Create DBEdit from 0..numData In each TabSheet
Assign Caption in Panel[0..numData] : NameData[0..numData]

Show

Inputs: None
Outputs: None
Local: None
Purpose : To set the table form for show.
Algorithm : If LineActive : tue then Call SetTabSheet with true

Else
Create Panel from 0..numData
Create DBEdit from 0..numData
Assign Caption in Panel[0..numData] : Nem eD4te[0..numData]
Assign DataSource in DBEdit: DataSource in activate symbol

End If

CloseTable

Inputs: None
Outputs: None
Local: None
Purpose : To post the data to table and close the form.
Algorithm : Call UpdateData in the active s1m.bol.

delete TabSheet
delete Component
delete Panel
delete DBEdit
delete NarneData

The operation in the Label class

ConstructionCopyright by Mahidol UniversityCopyright by Mahidol University
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Inputs : Sh (tne string), color (t1pe color)
Outputs: None
Local: None
Purpose : To initial Label class
Algorithm : Assigu Text: st, Pe,nColor: color, FontName: a curre,nt font name,

FontSize: a current font size, FontStyle: a curent font style, disX:0
and disY:0

SetBound

Inputs r X, Y,Zoom (tpe integer)
Outputs: None
Local : OldFontSize (type integer)
Purpose : To set the boundary of label
Algorithm : Assign OldFontSize: FontSize

Assign FontSize = (OldFontSize*Zoomll 00
Assign Scale:Zoom
AssignX:X+disX
AssignY:Y+disY
Assign a current font narne = FontName
Assign a current font size : FontSize
Assign a current font style = FontStyle
Assign Bound.Left: X
Assign Bound.ToP : Y
Assign Bound.Right: X * the Text Width
Assign Bomd.Bottom: Y * the Text Height

Move

Inputs : Xl, YL,X?,YZ(type integer)
Outputs: Boolean
Local: None
Furpose : To move a label to a new position
Algorithm : Assign disX: )(2 - (Xl - disx)

Assign disY = Y2 - gl - disY-)
Assign Bormd.Left : X2 - (Xl - Bound.Left)
Assign Bound.Top :Y2 - (Yl - Bound.Top)
Assign Bound.Rigbt = Bormd.Left + a Text Width
Bound.Bottom: Bound.Top + a Text Height
Call Drawing
Return false

Drawing

Inputs: None
Outputs: None
Local: None Copyright by Mahidol UniversityCopyright by Mahidol University
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Purpose : To show a text of label
Algorithm : If a curre,nt pe,!r color is not white then Assign a font color: PenColor

Assign a font name: FontName
Assign a font size:FontSize
Assign a font style: FontStyle

End If
Show Text within boundary

ChangeText

Inputs : newText (tlpe string)
Outputs: None
Local: None
Purpose : To change a text of label
Algorithm : Delete the old text

Assign text: newText
Call Drawing

ChangeColor

Inputs: C(typecolor)
Outputs: None
Local: None
Purpose : To change a color of label
Algorithm : Delete the old text

Assign PenColor: C
Call Drawing

ChangeFont

Inputs : FName (t1pe string), FSize (tpe integer), FStyle (tpe FontStyle)
Outputs: None
Local: C(typecolor)

. Purpose : To change a font fomrat of label
Algorithm : Delete the old text

Assign FontName:FName
Assign FontSize: FSize
Assign FontStyle : FStyle
Call Drawing

Procedural design of the 66Main" subsystem

Class in this subsystem:

- Flowsheet
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- Group

The operation in the Flowsheet class

Construction

Inputs: None
Outputs: None
Local: None
Purpose : To initialize flowsheet class.

Algorithm : Assign LineNo: 0, SynbolNo :0, Scale = 100 and InGroup : false

DeConstruction

Inputs: None
Outputs: None
Local: None
Purpose : To Destroy the created object class.

Algoritbm : Delete Lline, Delete LSlmbol, Delete Lbuffand Delete SBuff

SetCursor

Inputs ! X, Y, getNode (type integer)
Outputs : output (t1Pe integer)
Local : output (t1pe integer)
Purpose : To set acursor atposition X, Y.
Algoritbm : Assign output: 0

If C& Y) is not in boundary of all node in Lline and LSlmbol then

Assign output= 0
EndIf
If (X, Y) is in bormdary of the node in Lline or LSymbol then

If (X, Y) is in the contol point of the node in Lline or LSymbol
then

Assigu output = 2
Else Assign output: 1

End If
EndIf
If output: 0 the,n Assign Cursor = crDraw
End ff
If ouput: I the,lr Assign Cursor= crMove
EndIf
If output =2thsiAssign Cursor: crModiff
EndIf
Return outputCopyright by Mahidol UniversityCopyright by Mahidol University
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DeleteSymbol

Inputs: None
Outputs: None
Local: None
Ptrpose : To delete a current slm.bols node on Lline or LSyrr.bol.
Algorithm : If Active symbol is grouped then

Goto firstnodeinGroup
Repeat

If current node in Group is Line tlpe then
Go to the node in Lline that ID: ID in Group
Delete curre,nt node of Lline

Else
Go to the node in LSymbol that ID : ID in Group
Delete currentnode of LSyrnbol

End if
Until Group is end

Else
IfType of active symbol is Line tlpe then

Delete cure,nt node of Lline
Else Delete cutrent node of LSymbol
End If

End If

CleanNodelmage

Inputs: None
Outputs: None
Local: None
Purpose : To clean an activated syrnbol images on drawing area.

Algorithm : Assign color: clWhite
If tpe of current synrbol is line tlpe then Call Drawing in Lline
Else Call Drawing in LSymbol
End If
If current symbol is in group (InGroup: true) then

Delete all symbol image in group
End If
Draw background on boundary of cleaned symbol

Drawing

Inputs : DrawState (type integer) (l : draw state, 0: don't draw state)

Outputs: None
Local: None
Purpose: To draw an activated slmbol images on drawing area.

Algorithm : If Type of active synbol is line tlpe then
Call Drawing in LlineCopyright by Mahidol UniversityCopyright by Mahidol University



Roschong Sakdumong Appendix C / 88

IfDrawState: I then Call DrawState in Lline
End If

Else
Call Drawing in LSymbol
If DrawState: 1 then Call DrawState in Lline
End If

End If
If InGroup : true then Draw all syrrbol image in Group

If DrawState : 1 then Draw state all slmbol in Group
End If

End If

DrawState

Inputs: None
Outputs: None
Local: None
Purpose : To draw a state of slmbol for an activated symbol on drawing area.

Algorithm : If a active slmbol is line tlpe the'n Call DrawState in Lline
Else Call DrawState in LSymbol
End If

Move

Inputs : Xl, Yl,X2, Y2 (tpe integer)
Ouputs: None
Local: None
Purpose : To change position of the selected slmbols on flowsheet and to move

the selected symbols on drawing area
Algorithm : If a active symbol is line tlpe then

If InGroup : true then Call Move in Lline \tith Xl, YL,X2,Y2
Else call MoveSynbol with Xl, Yl, X2,Y2, Lline
End If

Else Call MoveSynbol with Xl, Yl, ru'Yz, LSymbol
End If
If InGroup : false the,n retum
End If
Go to the first node in Group
Repeat

If a current node in Group is line tlpe then
Go to a line node in Lline that pointed by current node in
Group
Call Move in Lline lrith xl, YI,XL,Y2

Else
Go to a symbol node in LSlmbol that pointed by current
Node in Group
Call MoveSlmbol with xl, Y1,x2,Y2 Lq'mbolCopyright by Mahidol UniversityCopyright by Mahidol University
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End If
Until Group is end

Modify

Inputs : Xl, YL,X2,Y2 (tpe integer)
Outputs: None
Local : oldstartx, oldStartY, oldEndX, oldEndY, output, Modiffpoint (type

integer)
Purpose : To change position of the selected slmbols and to modify size of the

selected synbols.
Algorithm : If a active slmbol is line tlpe then

Assign oldStar0(: StarD( in Lline
Assign oldStartY: StartY in Lline
Assign oldEndX: EndX in Lline
Assign oldEndY: EndY in Lline
Assign ModiffPoint by call Modi$ in Lline with Xl,Yl,X2,Y2
If flowsheet has slmrbol then

If ModiffPoint: 1 (modiff at start position of line) then
Call DeSnap with 0, oldStartX, oldStartY

End If
If ModiffPoint:2 (modiff at end position of line) then

Call DeSnap with 1, oldEndX, oldEndY
End If

End If
Else

Call Modiff in LSlmbol with Xl, Y1, X2,Y2
Call Drawing in LSprbol

End If

SaveI'lowsheet

Inputs : FileName (t1pe string)
Outputs: None
Local: None
Purpose : To save all symbol and its detail information on flowsheet to table of

fi1e.

Algorithm : If flowsheet has line symbol then
Call Save in Lline with FileName
Call Savelinklist with FileName and Lline

End If
If flowsheet has LSymbol syrnbol then

Call Save in LSynbol with FileName
Call Savelinklist with FileName and LSymbol

End If
If flowsheet has group of syrnbol then Call SaveGroup with FileName
End If Copyright by Mahidol UniversityCopyright by Mahidol University
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OpenFlowrheet

Inputs : FileName (tfpe string)
Outputs: None
Local : Table (tpe table)
Purpose : To retieve detailed information of all syrnbols on flowsheet file.
Algorithm : If flowsheet has line or slmbol then

Clear detailed information of all slmbols on this flowsheet
End If
Open Table by assign table name : FileName * "Line"
If Table has datathe,n

Call GetDataOnTable with Lline, Table, FileName
End If
Open Table by assign table name: FileName * "Symbol"
If Table has data then

Call GetDataOnTable with LSymbol, Table, FileName
End If
Open Table by assign table name : FileName + "Group"
If Table has data then

Call GetDataonGroupTable with Table, FileName
End If

ShowReport

Inputs: None
Outputs: None
Local: None
Purpose : To prepare the detailed information of all q.mbol for show report.
Algorithm : If flowsheet has line rymbol then Call Save in Lline

End If
If flowsheet has equipme,lrt slmbol then Call Save in LSprbol
End If

CopyToBuff

Inputs: None
Outputs: None
Local: None
Purpose : To Copy the selected symbol on flowsheet to Buffer
Algorithm : If Buffer has data (LBuffor SBuff != NULL) the,n Delete Buffer

End If
If InGrouP = false the'n

If a active slmbol is line tlpe then
Copy curre,ntnode in Lline from Lbuff

Else Copy curre, rt node in Lslmbol from SBuff
End If
RetumCopyright by Mahidol UniversityCopyright by Mahidol University
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End If
Go to a first node in Group
Repeat

If current node in Group is line tlpe the,lr
Go to a node in Lline that pointed by current node in Group
Copy curent node in Lline from Lbuff

Else
Go to a node in LSlmbol that pointed by current node in Group
Copy current node in LSyrrbol from SBuff

End If
Until Group is end

PasteToFlowsheet

Inputs: None
Outputs: None
Local : Xt ,Yl,X2, Y2 (tpe integer)
Purpose : To paste all slmbol in Buffer to flowsheet
Algorithm : If Buffer has not slmbol then retum

End If
IfBuffer (LBuffand SBuff) has syr.bol more than one symbol then

Assign InGroup : true
Else Assign InGroup: false
End If
Assign X2 : current position X of cursor in flowsheet
Assign Y2 : current position Y of cursor in flowsheet
If LBuffhas data then

Assign Xl : left of current node in Lbuff
Assign Yl : top of current node in Lbuff

Else
If SBuffhas datathen

Assign Xl : left of current node in SBuff
Assign Yl : left of current node in SBuff

End If
End If
If LBuff has data then

Repeat Copy current node in LBufffrom Lline
Until LBuffis end

End If
If SBuffhas datathen

Repeat Copy current node in SBufffrom LSymbol
Until SBuffis end

End If
Call Move with Xl, YI,XZ,Y2
Call Drawing udth I
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Inputs:
Ouputs:
Local:
Purpose:
Algorithm :

Inputs:
Outputs:
Local:
Purpose:
Algorithm:

Appendix C/92

ResizeFlowsheet

Zoom(tpe integer)
None
None
To resize all slmbol on flowsheet.
Assign Scale:Zoom
Set boundary all symbol on flowsheet
Draw all synbol fromnew size
Call DrawState

EditTable

None
None
None
To point to a active slmbol for edit it's table
If a active slmbol is line tlpe then Call EditTable in Lline
Else Call EditTable in LSymbol
End If

CloseTable

Inputs: None
Outputs: None
Local: None
Purpose : To delete data in table of all sSmbol
Algorithm : If flowsheet has line symbol then Delete Table of Lline

End If
If flowsheet has equipment slmbol the,n Delete table of slmbol
End If

UpdateData

Inputs: None
Outputs: None
Local: None
Furpose : To update data from that input detailed information by user
Algorithm : If a active qanbol is line type then Call UpdateData in Line

Else Call UpdateData in Lsymbol
End If

GroupSymbol

Inputs : Xl, YI,>A,Y2 (Weinteger) (calledboundary)
Outputs: Boolean Copyright by Mahidol UniversityCopyright by Mahidol University
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Local: None
Purpose : To group the selected slmbol
Algorithm : If LGroup !: NULL the,n GroupNo+r

Else GroupNo: I
End If
If flowsheet has line slmbol then

Repeat Go to the node in Lline that boundary within boundary
Call InsertNode in Group with ID of nodeo Tlpe of node, Group

Until Lline is e,nd

End If
If flowsheet has equipment synnbol then

Repeat
Go to the node in LSynbol that boundary within boundary
Call InsertNode in Group with ID of node, Type of node, Group

Until LSynbo[ is end
End If
If Group : NULL then retum false (all qanbols aren't in boundary)
End If
Assigu InGroup: true
retumtnre p

SetGroup

Inputs: None
Outputs: None
Local: None
Purpose : To insert a group buffer to the goup of flowsheet
Algorithm : Call InsertTo in Group with Lgroup

UnGroup

InpuJs: None
Outputs: None
Local : id, tlpe, grouplD (tpe integer)
Purpose : To separate group of symbol
Algorithm : Assign id: ID of a active synbol

Assign tJpe: Tlpe of a active slmbol
Assign grouplD by call ChecklnGroup in Group with id,6rpe
Call DeleteNode in Group with grouplD, LGroup

CleanGroup

Inputs :

Outputs:
Local:
Purpose:
Algorithm:

None
None
None
To delete all data in Group
If Group has not data then retum

447 37
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end if
Delete Group
Assign InGroup : false

ChangeColor

Inputs: None
Outputs: None
Local: None
Purpose : To change colorof a selected slmbol
Algorithm : If InGroup : hre then

Go to first node in Group
Repeat

If curre,nt node in Group is line tlpe then
Go to a node in Lline that pointed by current node in Group

Call ChangeColor in Lline with Color
Else

Go to a node in LSymbol that pointed by current node in
Group
Call ChangeColor in LSymbol with Color

End if
Until Group is e,lrd

Else
If a active slmbol is line tlPe the,n

Call ChangeColor in Lline with Color
Etse Call ChangeColor in Lqmbol with Color
End If

EndIf

ChangeFont

Inputs : FN*me (b/pe Sting) FSize (t1rye integer), FStyle (type FontStyle)

Outputs: None
Local: None
Purpose : To Change a fontname ofthe selected symbol

Algorithm : If InGroup -true the,n

Go to first node in GrouP
Repeat

If current node in Group is line type then

Go to a node in Lline that pointed by current node in Group

Call ChangeFont in Lline with Color
Else

Go to a node in LSlmbol that pointed by current node in
Group
Call ChangeFont in Lsymbol with Color

Endif
Until GrouP is e,lrdCopyright by Mahidol UniversityCopyright by Mahidol University
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Else
. If a active symbol is line type the,lr

Call ChangeFont in Lline with Color
Else Call ChangeFont in LSymbol with Color
End If

End If

The operation of the Group class

Construction
I

Inputs : Gi{ i4 tWe (t1pe integer)
Outputs: None
Local: None
Purpose : To initial a constnrction class.
Algorithm : Assign ID : id, Ty?e : t1pe, GroupID : Gi{ Previous : NULL and

Next: NULL
Assign Table: table that table name "Grorrp"

ChecklnGroup

Inputs : Id, type (type integer)
Outputs: Integer
Local: None
Purpose : To get GroupID that has an activate syrnbol.
Algorithm : If ID = id and Tlpe: tlpe then return GroupID

End If
While Previous : NULL do

If ID in Previous : id and Tlpe in Previous : tlpe then
Return GroupID in Previous

End If
End While
While Next: NULL do

If ID in Next : id and Type in Next : t1rye then
Return GroupID inNext

End If
End While
Return 0

InsertTo

Inputs : DesG (tWe Group class)
Outputs: None
Local : Tmp (type Group class)
Furpose : To insert a selected slmrbol in the link list of group.
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Algorithm : If,DesG:NULL the,n create DesG with ID, Tlpe and GroupID End If
Go to the last node in the link list of DesG.
Go to the first node in the link list of te,mp goup.
Loop Create tnp with ID, TWg GroupID

Assigu Previous in mp : DesG
AssignNext in DesG: tnp
Assign Next in tup = NULL

Until te,nrp group is end

DeleteNode

Inputs : GroupID (tpe integer), group (tlpe Group class)
Outputs: None
Local: None
Purpose : To delete the node ia link list that has GroupID : grouplD
Algorithm : If group has one node the,n delete Soup

End If
Assign tup = node in link list that has GroupID : grouplD
Delete tup

Procedural design of 66User Interactive" subsystem

Class in this subsystem

- Me,lru

- Drawing area

- Syrnbol palette

- Line palette

- Equipme,nt palette

The operation of the Menu class

Construction

Inputs: None
Outputs: None
Local: None
Purpose : To initial the me,lru class

Algorithm : Assign FileName = "'
Assign ChangeFont =trueCopyright by Mahidol UniversityCopyright by Mahidol University
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Create flowsheet

ConlirmSaYeFIle

Inputs: None
Outputs : T1rye boolean
Local: None
Purpose : To ask the user for save the created flowsheet when the flowsheet is

closed.
Algorithm : If flowsheet is modified then

show dialog box for confirm
If user chooses cancel the close flowsheet action then refurn false
End if
Ifuser chooses the save action then cal SaveClick
EndIf

End If
Call CloseTable in the flowsheet
If user close the menu then call Terminate in the system
Else call FormDestroy in the drawing area
End If
Call SetMenu with false
return true

SetMenu

Inputs : Start (tlrye boolean)
Outputs: None
Local: None
Purpose : To set the menu item button.
Algorithm : If Start: true then the menu item is enabled

Else the menu item is not enabled
End If

NewClick

Inputs: None
Outputs: None
Local: None
Purpose : To create the new flowsheet.
Algorithm : If the system has the active flowsheet then call ConfirmSaveFile

end If
Show the drawing area

OpenClick

Inputs: None
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Outputs: None
Local: Noue
Furpose : To open an exist flowsheet from file.
Algorithm : If the system has the active flowsheet then call ConfinnSaveFile

End If
Open the ope,n dialog box for selects the flowsheet file and assign
FileName.
Show the drawing area-

Call OpenFlowsheet in flowsheet with FileName

SaveClick

Inputs:
Outputs:
Local:
Ptrrpose:
Algorithm :

Inputs:
Outputs:
Local:
Purpose:
Algorithm :

lnputs:
Outputs:
Local:
Purpose:
Algoritbrn:

None
None
None
To save the activate flowsheet in its file.
If FileName :'3" the,n call SaveAsClick
Else call SaveFlowsheet in flowsheet
End If

SaveAsClick

None
None
None
To save the activate flowsheet in the new file.
Show the save dialog box for selects the flowsheet file.
Assign FileName = FileName in dialog box
Call SaveFlowsheet in flowsheet with FileName

CloseClick

None
None
None
To close the activate flowsheet.
If the system hac an activate flowsheet then call ConfirmSaveFile
end if

PrintClick

None
None
None
To print the activate flowsheet.
Show the print dialog box

Inputs:
Outputs:
Local :

Purpose:
Algorithm :
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Send the flowsheet image for print to the printer.

ExitCIick

Inputs: None
Outputs: None
Local: None
Purpose : To terminate the application.
Algorithm : If the system has an activate flowsheet then call ConfirmSaveFile end if

Terminate the systern.

CutClick

Inputs :

Outputs:
Local:
Purpose :

Algorithm :

Inputs :

Outputs :

Local:
Purpose:
Algorithm :

CopyClick

Inputs: None
Outputs: None
Local: None
Fnrpose : To copy the selected symbols to the buf[er.
Algorithm : Call CopyToBuffin flowsheet

PasteClick

Inputs: None
Outputs: None
Local: None
Purpose : To paste the symbol in the buffer in the activate flowsheet.
Algorithm : Call PasteToFlowsheet in flowsheet

DeleteClick

None
None
None
To cut the selected slmbols to the buffer.
Call CopyToButr in flowsheet
Call DeleteClick

None
None
None
To delete the selected symbols.
Call CleanNodelmage in flowsheet
Call DeleteSymbol in flowsheet
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GroupClick

Inputs: None
Outputs: None
Local: None
Purpose : To gfoup the selected symbol in the flowsheet.
Algorithm: Call SetGroup in flowsheet

UngroupClick

Inputs: None
Outputs: None
Local: None
Purpose : To separate the grouped symbol.
Algorithm : Call UnGroup in flowsheet.

FontClick

Inputs: None
Outputs: None
Local: None
Purpose : To set ttre font of the system.
Algorithm : Show the font dialog box

Assig Font-Name: Font narne in dialog
Assign Font_Size : Font size in dialog
Assign Font_Style = Font style in dialog
If Fon!_Style has Bold then down the Bold button
End If
If Font_Styte has Italic then down the Italic button
End If
If Font_Style has Underline the,n down the Underline button End If

BoldClick

Inputs: None
Outputs: None
Local: None
Purpose : To set the font style to Bold style.
Algorithm : If Bold button is down then Font_Style + Bold

Else Font_Style - Bold
End If
Call ChangeFont in flowsheet with Font_Name Font_Size, Font_Style

ItalicClick

Inputs: None Copyright by Mahidol UniversityCopyright by Mahidol University
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Outputs: None
Local: None
Purpose : To set the font style to Italic style.
Algorithm : If Italic button is down then Font_Style + Italic

Else Font Style - Italic
End If
Call ChangeFont in flowsheet with Font_Name, Font Size, Font_Style

UnderlineClick

Inputs: None
Outputs: None
Local: None
Purpose : To set the font style to underline style.
Algorithm : If Underline button is down then Font_Style + Underline

Else Font Style - Underline
End If
Call ChangeFont in flowsheet with Font_Narne, Font*Size, Font Style

Change ColorClick

Inputs: None
Outputs: None
Local: None
Purpose : To change the curent system color.
Algorithm : Show the color dialog box for selects the color

Cail ChangeColor in flowsheet

Change SpecificationClick

Inputs: None
Outputs: None
Local: None
Purpose : To access the table SymbolSpec for edit the specification of all

symbols.
Algorithm : .Show the symbol specification table for edit.

SymbolClick

Inputs: None
Outputs: None
Local: None
Furpose : To show the slmrbol palette.
Algorithm : Show the symbol palette.
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TableClick

Inputs: None
Outputs: None
Local: None
Purpose : To show the table of the activate qmbol.
Algorithm: Call EditTable in flowsheet.

ZoominClick

Inputs: None
Outputs: None
Local: None
Furpose : To increase the size of drawing area.

Algorithm : Call ZoomlnorOut in the drawing areawith true

Zoom outClick

Inputs: None
Outputs: None
Local: None
Purpose : To decrease the size of drawing area
Algorithm : Call Zoomln0rout in the drawing areawith false

ReportClick

Inputs: None
Outputs: None
Local: None
Purpose : To report all slmbol with the detailed information on the flowsheet.

Algoritbm : CaIl ShowReport in flowsheet.

Help TopicsClick

Inputs: None
Outputs: None
Local: None
Purpose : To show the help ofthe software.
Algorithm: Showhelp

Inputs:
Outputs:
Local:
Purpose:

AboutClick

None
None
None
To show the about of the software.Copyright by Mahidol UniversityCopyright by Mahidol University
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Inputs :

Outputs:
Local:
Purpose:
Algorithm :
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The operation of the Drawing area class

Show

None
None
None
To initial the drawing area for draw.
Show the text of modification atbottom: ""
Show the text of zoom at bottom : l00o/o

FormDestroy

Inputs: None
Outputs: None
Local: None
Purpose : To close the drawing are form.
Algorithm : Assigu Visible: false

Inputs :

Outputs:
Local:
Purpose :

Algorithm :

MouseDown

Button (type TMouseButton), Shift (typeShiftState), X and Y (type
integer)
None
None
To start the image drawing.
If the right click then call Popup in RightclickMenu and retum End If
Assign InitialX: X
Assign InitialY: Y
Assign State by call SetCursor in flowsheet with X, Y, 1

If State:0 then
assign TWe: Tlpe in SymbolPalette
Change text of modification at bottom:'Modified"
Call Drawing in flowsheetwith Initialx,InitialY, X, Y

Else Call CleanNodelmage in flowsheet
End If

. MouseMove

Inputs : Shift (type ShiftState), X and Y (tlpe integer)
Outputs: None
Local: None
Purpose : To change the size of image or to group the image or to set the cursor.Copyright by Mahidol UniversityCopyright by Mahidol University
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Algoritbm : CaIl ShowPositionwithX, Y
If the mouse don't click then call SetCursors in flowsheet in X, Y, 0

Retum
EndIf
IfState=0then

Ifthemouse don't click onthe slmbol image then
Draw Rectangle and retum

Else call Drawing in flowsheet with Initialx, InitialY, X, y
EndIf

Else
If State:l then call Move in flowsheet with InitiaX, InitialY, X, Y
EndIf

Else
If State :2then call Modiff in flowsheet with Initialx, InitialY"X,Y
End If

EndIf
Show the text of modification at bottom = 'Modified"

MouseUp

lnputs : Button (t1pe TMouseButton), Shift (typeShiftState), X and Y (type
integer)

Outputs: None
Local: None
Furpose : To e,ndthe action on the drawing area.

Algoritbm : If Tlpe = 0 and State = 0 the,n call GroupSymbol in flowsheet with
Initialx, InitialY, )L Y

Else Call Drawing in flowsheet with I
End If

ShowPosition

Inputs : XandY(tlpeinteger)
Outputs: None
Local: None
Purpose : To show the text ofposition at bottom of the drawing area.

Algorithm : Show the text of X position at bottom is X
Show the text of Y position at bottom is Y

ZoomlnOrout

Inputs : Zoomln(t1pe boolean)
Outputs: None
Local: None
Purpose : To zoom the drawing area and the qmbol image on the drawing area.

Algorithm : If Zoomln the,n Zoomlnd >20A then return End If
If lZoomln the,n Zoomlnd <= 30 the,n retum End IfCopyright by Mahidol UniversityCopyright by Mahidol University
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Inputs :

Outputs:
Local:
Purpose :

Algorithm :

If Zoomln then Zoomlnd: Zoomlnd * l0
Else Zoomlnd: Zoomlnd - l0
End If
Show the text of zoom at bottom: Zoomlnd
Call ResizeFlowsheet in flowsheet with Zoomlnd

The operation of the Symbol palette class

Show

None
None
None
To initial the synbol palette class.
Tlpe: o
Create Table by assiga table name: "SymbolSp@"

The operation of the Line palette class

Click

None
None
None
To set the tlpe of the palette
If Pointl is clicked then T1rye:0 End If
If Line is clicked then Tlpe: I End If
If Instrument is clicked then Tlpe:2 End If
If Orifice is clicked then Tlpe: 3 End If
If GateValve is clicked then T1rye = 4 End If
If GlobeValve is clicked then Tlpe:5 End If
If CheckValve is clicked then Tlpe:6 End If
If ReliefValve is clicked then Tlpe:7 End If
If ConfrolValve is clicked the,n Tlpe:8 End If

The operation of the Equipment palette class

Click

None
None
None
To set the tlpe of the palette

Inputs :

Outputs:
Local:
Purpose:
Algorithm :

Inputs:
Outputs :

Local:
Purpose: Copyright by Mahidol UniversityCopyright by Mahidol University
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Algorithm : If Point2 is clicked then Type = 0 End If
If HeatEx is clicked then Tlpe: 9 End If
If WaterCooler is clicked then Type = l0 End If
If SteamHeater is clicked then Tlpe : I I End If
If Reboiler is clicked then Tlpe : 12 End If
If Jcondenser is clicked the,n Tlpe: 13 End If
If Condenser is clicked then Tlpe = 14 End If
If Absorber is clicked then Type = 15 End If
If Snipper is clicked then Tlpe: 16 End If
If MixerTank is clicked then Type: 17 End If
If LiquidTank is clicked then Type = 18 End If
If PressureTank is clicked the,n Tlpe = 19 End If
If Jkettle is clicked then Tlpe = 20 End If
If Reaction is clicked the,n Tlpe:21 End If
If Ppump is clicked the,n Tlpe :Z?Endlf
If Cpump is clicked then Tlpe = 23 End If
If Compressor is clicked then Tlpe :24Bnd[f
IfFumace is clicked then Type:25 End If
IfDistillation is clicked then Type:26 End If
IfBfractionating is clicked then Tlpe =27 Endlf
If Sfractionating is ctcked the,n Type:28 End If
If Separator is clicked then Type = 29 End If
If Vve.ssel is clicked then Type = 30 End If
If Hvessel is clicked the,n T1rye = 3l End If
If Other slmbol is clicked then Tlpe = 32

Call OtherSymbolClick
End If
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OtherSymbolClick

Inputs: None
Outputs: None
Local: None
Purpose : To set the image and specification of the new qrnbol.
Algorithm : Show the open dialog box for selects the image file

Show the table of specification for inserts the new slmbol to the
SymbolSpec table.
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APPENDIX I)

USERMAIYUAL
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The result of shrdy for this research is the ChemProc software. Which

designed and developed by Object-Oriented technology.

This chapter described step of using the ChemProc progr.rm, screens of the

application and the change of related data This software divided into seven main

firnctions below:

o Initializationapplication

' Creation the flowsheet

Edit the symbol specification type

Identification the new symbol

Edit and update the qymbol technical specification

manipulation the flowsheet file

The program utilities

Initialization application

Figure D.l The starting programCopyright by Mahidol UniversityCopyright by Mahidol University
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When the user starts the program, the system will show screen in Figure

D.1, which illustated that the system is ready for next action such as creation a new

flowsheet, open the exists flowsheet or change the symbol specification. The Initial

screen consists of the menu bar (shown on the top of screen) and the symbol palette

(shown on the left of screen).

Creation the flowsheet

At the beginning, if the user wants to open the existed flowsheet, user will

chooses the open menu on the menu bar. If the user wants to create the new

flowsheet, user will chooses the new menu on the menu bar. After that the dialog box

that shown in Figure D.2 will be shown for identification the size of the flowsheet.

Figure D.2 The fomr for setting the flowsheet size

The creation a flowsheet can be divided into 5 steps:

1. Drawing the symbol

2. Moving the selected symbol

3. Changing the size of selected symbol

4. Connection the equipment symbol with the line symbol

5. Saving the flowsheet

Drawing the symbol

Now, the user can draw the flowsheet by selects any symbol on the symbol

palette. Copyright by Mahidol UniversityCopyright by Mahidol University
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Figure D.3 The example of drawing the heat exchange symbol

The next action is to place the selected symbol by clicking the mouse (O) at

wanted position on the drawing area The Figure D.3 illusnated the heat exchange

symbol drawn on the drawing area

Before any symbol on the flowsheet will be operated, the user must select

the wanted symbol. Accordingly, The user must click at the q.mbol, when one

symbol wanted. If many symbols are wanted, the user must create the boundary that

the wanted symbol is in the boundary. By clicking and moving the mouse (tr) as

rectangle.

Moving the selected symbot

The user can move the selected symbol by clicking the mouse r.S.; at the

wanted symbol on the drawing area and moving it to the wanted position. And then

relinquishing the mouse.

Changing the size of selected symbol

If the symbol changed the size is the equipment the user must click the

mouse at the control point (I) on that equipment or when the cursor of mouse is *.
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If the symbol changed the size is the line, the user can click the mousie at the

start point or the end point for increase or decrease the length that the cursor of mouse

same as the changing size of the equipment symbol. In addition to, the user can click

the mouse at the middle point that ttre cursor of mouse is.-' or X for modification the

format of the line symbol.

Connection the equipment symbot with the line symbol

The one characteristic of this application is connect the equipment symbol

with the line symbol for easy to modiff the flowsheet. By moving or changing the

start or end point of the line symbol until the control point of line and the equipment is

the sarne position. This stage is illustated on the contol point of the line symbol that

has the pink color shown in the Figure D.4. In addition to, this part checks the input

and output information of each symbol that illustated via the color of invalid symbol

is red but the color of valid symbol same as the color of symbol image.

Figure D.4 The example of connecting the line withthe equipment symbol

Saving the flowsheet

The user can save the flowsheet by choose the save menu, if wants to save

in a new location or choose the save as menu, if to save in an old location. The
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flowsheet saved consists of a main file (*.FSII), an image file (*.BMP) and the

database that have the information of all symbols in the flowsheet.

Edit the symbol specilication type

The symbol in this system has the technical specification that the user must

identiff the type of each symbol specification. By choosing the ToollChange

Specification on the menu bar that the form in the Figue D.5 is shown. For this forrr,

the user can edit the technical specification of each symbol. By the way, the user must

identiS the specification number following the specification type that inputted.

However, this application can support 10 technical specification type of all symbols.

Figwe D.5 The symbol specification form

Identification the new sYmbol

The user can identfi the new equipment symbol. By choosing the other

symbol button on the equipment palette at the symbol palette and selecting the image

file of new symbol on the open dialog box. After that, the specification table of the

new symbol is shown for identiffing the essential detailed information. The table is

shown in Figure D.6 that the Specification No. can define less than 10.
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Figure D.6 The sPecification table

Edit and update the symbol technical specification

This part is manipulated the technical specification of each symbol on the

flowsheel Which the user must double click on the wanted symbol on the drawing

area. After that the syste,m will illustrated the table form for editing or updating the

tecbnical specification.

Figue D.7 The table of line specification and its component specification

The table form is divided into ttre line that illusnated in Figure D.7 and the equipment

table that illustrated in the Figure D.8.

Figure D.8 The table of equipment specification

Manipulation the flowsheet file

In this part is divided into the saving file and the opening file. The saved

flowsheet file consists of the main 3 files that are:Copyright by Mahidol UniversityCopyright by Mahidol University
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The main fiIes that the tlpe is FSH (FlowSHeet).

The image files that saving the image of the flowsheet. This file is tlpe

BMP @imap).

t The database of the flowsheet that consists of the line table, the line

compone,nt table and the equipment table. These tables have Paradox

tlpe that the alias name is DefaultDD.

In addition to, if the flowsheet has the user-defined symbol, the image file

of this user-defined qrmbol is necessary for drawing. Because, the slmrbol image are

used via the image file in manipulation every time.

The user can save the flowsheet file using the save menu for saves in the old

file or the save as me,nu for save in the other file. Which the saved main file and the

image file is in the selected directory. But the saved database is in the directory the

defined by alias table. Accordingly, the table name of the saved database consists of

the (filename)line, (filename)compone,nt and (filename)s1mbol.

The program utilities

This software has some functions for accommodation in drawing the

flowsheet. The utilities are:

t Changing the color

' Changingthe font

t Zoomin and out

Cut, copy, past and delete the selected qrrnbol

Output of the working flowsheet
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Changing the color

The color of each qmbol on the drawing area can be changed by chooses

the TootlChange Color on the menu bar or change color on the synbol palette.

However, the user-defined symbol can not use this function.

Changing the font

This function manipulates the font of the symbol name. That is, the user

"6n 
sfuange the font narng by select the font exists in her computer, the font size or the

font tlpe that divided into the bold, italic and underline tlpe.

Zoom in and out

In this function, the user can increase or decrease the flowsheet image and

everything in the flowsheet by choosing the'zoom in or zoom out on the menu bar.

The percent of zoom is illushated on the bottom of the drawing area.

Cut, coPY, paste and delete the selected symbol

Before manipulation the symbol, the user must select the needed symbol

that one or more. The user can manipulate the synbol via the menu on the menu bar

or the right click at the drawing area. The new symbol that created by copying or

cutting other symbol has the technical specification same as the copied or cut symbol.

Output of the working flowsheet

After creation the flowsheet, the user can report the flowsheet illusfrated in

the Appendix B. The report can illustate the technical specification of all line

symbois or all equipment symbols on the drawing area. Which symbol technical

specification report can also be printed on the paper. Furttrernore, the flowsheet

image that is output of this application can be used in the other task.
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