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ABSTRACT

A Modelling Advisor and certifier for the simulation specification
language Gest has been developed on a Sun Workstation. The system
called Magest (Modelling Advisor for Gest programs) uses knowledge of
the Gest modelling formdlism and the incremental knowledge obtained
from the modeller, to guide him to correctly specify models. Modelling
functions are supported to specify several types of single models such as
continuous models, continuous multi-models, discrete models, discrete
multi-models, memoryless models, memoryless multi-models, macro
models, as well as interconnected models such as coupled models and
multi-rate models. Acceptable models aré certified by the Magest system.

Details are provided for the system functions in Magest as well as
modelling assistance it provides, and the semantic rules and facts it uses to
certify models. To assure a modular, flexible, and robust a‘rchitecture, the
Magest system is conceived as a finite state machine.
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Chapter 1
INTRODUCTION

1.1 Aim and Structure cf the Thesis

"An expert system is a computing system capable of representing and
reasoning about some knowledge-rich domain, such as internal medicine
or geology, with a view to solving problems and giving advise” (Jackson
1985 p.1). Magest (Modelling Advisor and certifier for GEST programs)
1$ an expert system to construct Geﬁ models. . Magest provides guidance
to specify models, and certifies models if they are correctly specified. An

early phototype was reported in the literature (Oren and Aytac 1985,
Aytac and Oren 1986).

Gest (GEneral System Theory implementor) is the first modelling and
simulation language which provides modular model and simulation
specification facilities (Oren 1984). There are basically twé categories of
models in Gest: single models and interconnected models. Single models
can be continuousn models, continuous multi-models, "discrete models,
discrete multi-models, memoryless models, memoryless multi-models and
macro models. Interconnected models are coupled models and multi-rate

models. Representation of models are to be discussed in chapter two.

Magest uses two typ.es of knowledge in assisting the modeller. The
first type of knowledge is based on the methodology of the Gest language
and consists of syntactic and semaptic rules and facts. About sixty of the

~,
semantic rules and facts that ngest uses are discussed in Chapter five.
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The second type of knowledge that Magest uses is the incremental
knowdedge obtained from the user. Any knowledge is scrutinized by

Magest before being accepted.

This thesis consists of three parts. The first part consists of chapters
one and two. It provides an introduction to built-in quality assurance, the
architecture of the Gest environment and an introduction to the Gest model

structure,

The second part consists of chapters three and four. Chapters three
provide detailed explanations of system functions. In chapter four, we
provide a complete tutorial of how & model -would be cqnstructed with
assistance provided by Magest. ‘o

The last part of the thesis consists of chapters five to eight. It
presents the internal details of Magest system. Chapter five discusses the
knowledge used in Magest, i.e., the semantic facts and rules. Chapter six
explains the architecture of the Gest environment and the Magest system.
A series of finite state machines are used to represent the architecture of
the system. Chapter seven discusses the design phase of the Magest
system and the limitations of] the system. Finally, chapter eight discusses
the conclusions and further studies that woulld enhance the existing

implementation.

The contribution of this thesis consists of the design of the system
architecture of the Gest environment, and the design, implementation and
documentation for the modelling part of the Magest system. These

include the design and organization of the architecture, data structures,
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‘

windows, syntax analyzers, semantic analyzers and program
documentations. In addition, some semantic facts and rules are defined

and all of them are implemented.

" The environment to specify the parameters and experimentations are
being developed as a separate study by another graduate student. A
translator to translate Gest programs into equivalent C programs is at its

last stage of implementation (Ye and Oren 1988).

A presentation of the abilities of this current implementation has been

done by Oren and Tam (1988).
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1.2 Built-in Quality Assurance

Quality assurance in - rnodellmg and simulation has been well
elaborated on in Balci (1987), Banks et al (1987), Oren (1981 1987a),
and Oren et al. (1985). . Built in quality assurance is the use of
knowledge-based techniques to guide the user in the specification phase of
activities or elements for the purpose of some types of errors such as

morphological errors and semantic errors (Oren 1987b).

In order to realize built-in quality assurance, the system must have a
knowledge-base and have a detailed data structure to store the increment‘al
knowledge. The principal difference between a knowledge-base and a
tradi‘tional‘ data structure is that the description and refationship
information has much more semantic contents (Symonds, 1986). Another
component of a knowledge-base includes the semantic rules that represent

computational relationships among facts.

The current knowledge-base of the Magest system is based on about
sixty semantic facts and rules. Details of semantic facts and rules are
described in chapter 5. These semantic facts and rules are used to guide

the modeller in the specification of Gest models.

Knowledge about a modell, provided by the modeller is scrutinized by
Magest according to the semantic facts and rules and becomes part of its
incremental knowledge. Any additional model knowledge provided by the
user is tested by Magest with respect, to the semantic facts and rules as -
welt~as the already accepted incremental knowledge. This process
prO\;i.des built-in quality assurance ability in the specification of models in

Gest.
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1.3 Architecture of the Gest Environment

The Gest environment is a software package to specify and execute
Gest programs. It is implemented in C language, under the UNIX 4.2
operating system, on a Sun workstation. "As depicted in Figure '1.3.1

(Barrett 1988), the elements of the Gest environment consists of the

following main components: °

1) The Gest executive
2) The Magest system
3) The Gest translator
4) The run-time library
5) Simulation control
The Gest executive is the top level of the Gest environment. [t

provides the user/system interface.

The Magest system provides assistance in the construction of Gest
' programs, it also certifies Gest programs.- The translator translates the
Gest program into an interactive procedural prc)grarﬁ expressed in the C
language. This program is then compiled by the the?C compiler to allow

for simulation execution.

The system discussed in this thesis consists of the Gest executive and
the Magest model specification environment. More details of the system

functions are described in chapter three,

AP
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%Chapt_er.Z
GEST PROGRAM AND MODEL STRUCTURE

2.1 Introduction

GEST (GEneral System Theory implementor) is a high-level model
and simulation experimentation specification language based on genefal
system theoretic concepts (Oren 1984). A model is a description of a
system. The modelling world view of Gest is based on the axiomatic
system theory of Wymore (Wymore 1967). The first version of Gest was
published in 1971 (Oren 1971). It is the first model-based simulation
* language which departed radically from other simulation languages. In
Gest, specifications of the model, parameter, experiment, run specification

and output are totally separated.
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2.2 Gest Program Structur

A Gest program consists of five distinct parts:

4

1) The mathematical model

2) The parameter set (Optional)

3) The experiment specification

4)  The run specification

5) ﬁéfhe output module r

The mathematical model may be any one of a number of different
simulation models and consists of the simulation specification. The
parameter set which could be optional from a Gest program allows us.to
specify the run time values for input variables. The experiment
specification provides information about experiment conditions which
have to be applied to a model. The run specification. ;provides
information for controlling a Gest program. Finally, the output module
is the specification of the output program to be used to display the result

of the simulation study. Figure 2:2.1 is an example of a Gest program

specification.

N
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Program (name)

{Type of model) (name)

Statie Structure
Ddynamic Structure

End Model (name)

Parameter Set (number)

Assignment of Parameter Values
Assignment of Tabular Function Values

End Parameter Set (number)

Experiment (number)

Specification of the experiment

End Experiment (number)

Run
Specify the triplet : Model, Parameter Set, Experiment
Post-run requirements (optional)

End Run )

Output Module

Print output heading
List values of saved variables
" Plot values of saved variables

End Output Module

End Program (name)

Figure 2.2.1 A Gest program specification.
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2.3 Model Representation in Gest

There are basically two categories of models in Gest: single models
and interconnegcd models. \Sjigle models can be continuous models,
conti'nuous multi-models, discrete models, discrete multi-models,
memoryless models, memoryless multi-models or macro models.

Interconnected models are coupled models or multi-rate models.

As shown in Figure 2.3.1, the Gest specification of a component

model requires the elaboration of two components:
1) Static Structure
2) Dynamic Structure

The details of both static and dynamic structures depend on the type
of model. All variables needed in a component model are declared in
the static structure section. The dynamic structure contains information

needed for behavior generation.
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(Type of model) (name)
Static Structure

Inputs (including random inputs, if any)
States

Outputs

Auxiliary Variables

Constants

Parameters (including random parameters, if any)
Auxiliary Parameters

Tabular Function
Interpolation
Macros

End Static Structure

Dynamic Structure

Derivatives or State Transitions

Output Functions

Updates

End Dynamic Structure

4

End Model (name) -

" Figure 2.3.1 A Gest component model specification.
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2.3.1 Static Structure

The static structure of each component model is used to declare all
the descriptive variables such as inputs, states, outputs and auxiliary
variables. Input variables are optional. By definition, an autonomous
model does not need input to operate. In some models, state variables
and auxiliary variables may be considered to be the output variables of
the model. In memoryless models, state variables do not exist. In this
case, current output is computed based on the values of the current

Inputs.

— In addition, the static structure of a model requires other
|

eMeclarations, such as type and range of values of the descriptive variables

of the model as well as constants, parameters, auxtliary \@rameters,

tabular functions, interpolated variables, and macros used.

The Table 2.1 below summarizes the declarations present 1a the

static structure of different type of models. ‘
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-~

Type of models Declarations
Continuous model 1 S O [Others]
Continuous multi-model 1] S O [Others)
Discrete model (1] S O [Others]
Discrete multi-model (1] S O [Othcfs]
Memoryless model I O [Others]
Memoryless multi-model I O [Others]
Macro model | O [Others]

| - Input declarations N

S - State declarations

0O - Output declarations

Others - Auxiliary Variable declarations

Constant declarations

Parameter declarations

Auxiliary Parameter declarations
Tabular Function declarations
Interpolated variable declarations
Macro declarations

Note: Letter within [%] represents optional declaration

Table 2.1 Static structure declarations.
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2.3.2 Dynamic Structure

The dynamic structure contains information needed for behavior

generation.
The major elements of dynamic structure includes:

1) A derivative block which contains the specification of

Fry

derivatives of the state variables along with any computations
necessary for auxiliary variables. (The derivative block exists

only for continuous models and for continuous multi-models.)

2) A state transition block which contains the specification of the
next values of the state varfables along with any computations
- necessary for auxiliary variables. (The state transition block

exists only for discrete models and for discrete multi-models.)

3)  An output block contains the transformations of the state and/or

auxiliary variables into output variables.

4) An optional update block. This block provides a model-
oriented specification of any discontinuities that may exist in

the model.

5) An optional model selection block. This block may only
4 appear in continuous multi-models, discrete multi-models and
memoryless multi-models. This block specifies which dynamic
structure is to be selected when there are more than one

dynamic structure in multi-models.

Table 2.2 summarizes the blocks present in the dynamic structure of



different types of models.
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Type of models Declarations
Continuous model [O] (U]
Continuous multi-model [O] [U] M
Discrete model [0} [U]
Discrete multi-model (O] (U] M
Memoryless model O [U]
Memoryless multi-mode! O [U] M
Macro model O

ZCOVO

Note: Letter within [ ] represents optional declaration.

Table 2.2 Dynamic structure declarations.

Derivative block

State Transition block
Qutput Function block
Update block

#4 Model Selection block
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2.3.3 Coupled Model

A coupled model consists of more than one component model. As

shéwn in Figure 2.3.2, the cgoupled model specification consists of:

1) The external variables

2) The component models

3) The macro models

4)  The external coupling, and

5) The internal coupling

The external variable sectibn contains the declaration ;)f inf)uts and

outputs for the coupled model. For every input or output variable, the
range of the acceptable values may also be specified. The list of

component models declares the type and the name of the component

models to be interconnected.

)

The macro models block is -a list provided by Magest for
documentation purposes. It lists all macro models used in the- component
models. The external coupling block consists of external inputs and
external outputs. The external inputs section of the external couplings
block specifies the connection of each external input of a the coupled
rnodel to the input of a corresponding component model. The external
output section specifies the connection of output variables of a coupled

.

model to the outputs of the component model.

-

The internal coupling block specifies the input/output interfaces of

the component models.
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Coupled Model (name)

External Variables

Inputs
Outputs

(optional)

End External Variables

Component Models

(Type of component model) (names)

-

End Component Models

Macro Models

(optional)

Name of macro models used in component models

End Macro Models

External Couplings

External Inputs
External Qutputs

(optional)

End External Couplings

Internal Couplings

(optional)

End Model (name)

Figure 2.3.2 A coupled model specification.
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2.3.4 Multi-rate Model ¢ -

The specification of multi-rate models is similar to that of coupled

models. Figure 2.3.3 shows a multi-rate model specification.

The declaration of component models is the only difference between
coupled models and multi-rate models. In multi-rate models, we only
have two component models as follows: a fast continuous model and a

slow continuous models. Both models are continuous models.

The multi-rate model is a special case of the coupled model, it is

provided for the convenience of the user.
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MultiRate Model (name)

Extemnal Variables

Inputs (optional) |-
Outputs

End External Variables

Component Models

Fast Continuous Model (name)
Siow, Continuous Model (name)

End Component Models

Macro Models (optional)

Name of macro models used in component models

End Macro Models

External Couplings

External Inputs (optional)
| External Outputs

End External Couplings

Internal Couplings (optional)

End Model (name)

Figure 2.3.3 A multi-rate model specification.

L]
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s Chapter 3
SYSTEM FUNCTIONS IN MAGEST

3.1 Introduction to System Eunction in Magest

As depicted in Figure 3.1.1, Magest provides functions for the

specification of;
1) %ingle models
2) Coupled models
3)  Multi-rate models
4) Parameters
5) Experimentations
6) Run controls
7)  Output modules, and
8) Complete Gest programs

The specification of single models is a basic function of Magest. It
also provides an environment for building seven component r.nodel types:
" continuous modc'ls, continuous multi-models, discrete models, discrete
mulﬁmodels, memoryless models, memoryless multi-models and macro
models (Oren 1987b). In addition, Magest has the ability to certify the

component models, i.e., to assure that the component models are specified

according to the Gest formalism.

The specifications of coupled and multi-rate models are also part of

the model specification abilities of Magest. To be able to specify a



s

Magest System

Model Specifications

Single Model Specifications

Continuous Continuous
Model Mult-model
Discrete Discrete
Model Muld-model

Memoryless Memoryless
Model Muld-model

Y
Macro model
l A 4
Coupled Model Mult-rate Model
Specifications - Specifications

-

——>

Parameter

Specificadons

Experimeatation

Specifications

Run Control

Specificadons

Output
Module
Specificadons

Complete
Gest
Programs

Figure 3.1.1 Elements of the Magest System

TN

-
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coupled or a multi-rate model, the modeller has to use Magest to express
all the relevant component models. Then, Magest can be used to complete
the relevant additional coupling specification. The. modeller could then .
switch to the Gest program mode, to combines all of ‘the specifications
into a single Gest program. However, the computer aided parameter and

experlmentatlon specification abilities are beyond the scope of this thesis.
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3.1.1 Entering the Gest Environment

To execute the Magest system, the minimum hardware requirement is
a SUN 3/50 workstation, with 4 Mbyies of memory. The workstation

should be connected to its local area network.

3

The operating system which is required is UNIX 4.2, with the
SunView windows environment (Sun Microsystem 1986a). The modeller
can cnter the window environment by typing suntool. In one of the

windows, the modeller types gest to enter the Gest environment (see

Figure 3.1.2).

Figure 3.1.2 Type gest to enter the Gest Environment.

!
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3.1.2 Gest Executive

As shown in Figure 1.1, the Gest executive is the entry Igvel to the
Gest environment. It provides all high level functions for a simulation
environment. Figure 3.1.3 shows the screen once we enter the Gest

environment. The right hand side contains the main menu of the Gest

environment.

Brief descriptions of each of the items on the main menu of the Gest

environment are given in Table 3.1,

Button Description
Single Model To enter single model specification environment.
Coupled Model To enter coupled model specification environment.
Multi-Rate Model | To enter multi-rate model specification environment.
Parameter To enter parameter specification environment.
Experiment To enter experiment specification environment.
Run Control To enter run control specification environment.
Output Module To enter output module specification environment.
Gest Program To enter gest program specification environment.
Translate To translate a Gest program into a C program, and

compile it into an executable file.

Simulation To perform simulation study:.
Help To provide help facilities.
ShellTool To provide a Unix emulator subwindow.
Quit To leave Gest environment and return to the Unix

environment.

Table 3.1 Description of Gest Executive - Main Menu,
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As shown in Figure 3.1.3, the Gest environment was and is being

designed and implemented by Gest Research Group, University of Ottawa.

Each member in the group is responsible for a different area of research.

This thesis provides a complete design and implementation of the Gest

executive and half of the Magest system. This half of Magest system

includes the modelling environment for single models, coupled models and

- . . . .
multi-rate models. The architecture of the system is depicted in chapter 6.

This architecture has provisions for additions to the system.

by Gest Resecarch Group

- Tuncer .l. Oren -
- Jimmy C. M. Tea -

- Nursel Asikhan -

—~ Grant Sheng -

Michnel Barrett -

Ye YuCheng -

GEST ENVIRCMMENT

GEST Pro ject Directorg
Model Specifications

Parumeter & Experiment
Specifications

Semantic Facts and Rules
Gest Run-Time library

Gest Translator

l@ University of Ottawa
= Dapartmant of Computer Science

?

Main Menu

([ Single Wodel )

((_Coupled Model )

(Multi-Rate ModeT)

[ Turameter ]

( Experiment )

{-__Run Control )|

[ Output ModuTe )

(Gest Trogrum )
( TransTate ]
[ Simulation }

([ Help J

(ShelTTool )
(_Quit ]

Figure 3.1.3 Gest Executive - Main Menu.
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3.2 Major Functions of Magest

3.2.1 Single Model Environment

The single model environment provides cbmputer—aided facilities to
specify /'md edlt a Gest component model. To enter the single model
mode, press the Single Model button on the main menu, a pop-up window
will appear. As seen in Figure 3.2.1, you should enter and select the

following information:
1) The name of the model.

2) The directory should spe'cify where the model is kept. By

default, the modeller’s current directory is given.

Main Menu

GEST ENY IRONMENT [ Single MedeT 73
)

[ Coupled ModeT )

MuTti-Rate Model)
{ Parameter ]

by Gest Rescarch Group

- Tuncer I. Oren - GE
. Entar Hodel : [ Experiment ]
- Jimay C. M. Tam - Mo *
Dirwct ¢ fusrizstudent /tanszagest Run Control
- Nursel Agikhun = pyf PUUISROTY seriatudent/taament J
Spq| Type: [ Output ModuTe )
r 4
— Grant Sheng - S Ir] Continuoun Hodel
i | Continuoud Hulti Modol
- Michoel Burrett - Gefl O Diuerutn Hodod [__Gest Progrum )
. 8 | Diocrets Multi Modol
~ Ye YuCheng - Gelm Meworyloos Modal Translate
a Hemoryloas Keltl Modai
i Hacro Model ( Simulation ]
G
(_Help ]
[ ShellTool ]
[ Quit ]

University of Ottawa
Dapartmwant of Computer Science

Figure 3.2.1 A pop up window appears on the center of the screen, for
single model environment entry.
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If the modeller would like to work on an existing model, the

directory should specify where the model is kept.

3) Type of model. Select one of the choices to indicate the type of
the model. By default, it is a continuous model.

After entering and selecting all of the information above, press the

OK button.

At this moment, Magest prepares the environment for single model
mode. It checks whether or not the given model exists or not. If it does
not exist, Magest would provides a dynafnic template which corresponds
to the type of the model indicated. If the model already exists, then

Magest will load the model into the text editor window.

As shown in Figure 3.2.2, the single model mode environment

consists of the following components:
1)  Text editor window. (On the top left hand side)
2) Message window. (On the bottom left hand side)
3) A panel. (On the right hand side)

The text editor window is used to enter the specification of a
component model. Magest provides a template to be filled in and
performs syritactic and semantic checks each time the modeller enters
information and presses the return key. If the modeller starts modelling
from scratch, after pressing the return key, the cursor is positioned at the
beginning of the data entry part of the following line. If the modeller
wants to)c dit an existing model, after pressing the return key, the cursor is

positioned t> the end of the following line. In addition, Magest provides a
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walking menu in the text editor window to assist the modeller to specify

or edit models. More details are given in section 3.5.7.

The purpose of the message window is to communicate with the

modeller. A list of over 250 messages are listed in appendix C. These

messages include messages for pop up windows, system error messages,

- syntactic and semantic error messages.

g
The panel contains various types of functions and status indications

I
(Sun Microsystem 1986b}. Details of panel functions are given in sections

3.3-35.
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(Static Structure]) Cortified
[Dynamic Stricture] Cortificd

Magest Support Windows
(_ ShellTool ] (Reéference File)
( Symbol Tugluﬂ [Reserved Words)

Options
Range of : T lnactive
Mode : C Gutdance
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- Type : continuocus Hodel 1
- Nama ; Fast

Direct ory: fusrl/student/tan/aagest

%

Figure 3.2.2  Environment for single model.
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3.2.2 Coupled Model Environment

Couple#- model environment provides computer-aided facilities to
specify and edit a Gest coupled model. In Gest, a coupled model consists
of a set of component models having input/output relationships among
themselves and with their environment. In order to specify a coupled

model, the modeller must have all the component models already specified

and certified,

The advantage of this approach is to make sure that all of the
component models within the coupled model are complete. Magest

provides templates for "External Coupling” and "Internal Coupling”.

To enter the coupled model environment, press the Coupled Model
button on the main menu. A pop—up*window shows up. As seen in Figure

3.2.3, the modeller should enter the following informatic;n:

1)  The name of the model.

2) The directory specifies the location of the model. By default,
the modeller’s current directory is given. If the modeller would
like to work on an existing model, then the directory is the one

where the model has already been kept.

After entering the above information, press the OXK button.

d
At this moment, Magest prepares the environment for the coupled

model. As in the single model environment, it checks whether or not the
given ﬁlen.}me exists in the directory. If it does not exist, szgest
provides a dynamic template for coupled models. If the file alrtady exists,

then Magest leads the file and displays it on the screen. A picture of a
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coupled model mode environment is shown on Figure 3.2.4.

by Gest Research Group
- Tuncer 1. Oren -
- Jimmy C. M. Tam -

- Nursel Asikhan -

Grant Sheng -

Michael Barrett -

1

Ye YuCheng -

‘| Main Manu .

GEST ENYIRONMENT

GEST Project Director

Model Specifications

5

Paramcter & Experiment

[__Single Model )

54
Gy
Ge

Flaaze anter model name

CoupledHodal :
Diractory : /usrl/student/tan/ongest

[ Loupled - Mode Lo _4
(MuTtI-Ratc Modcl )
)
( Experiment

(_Run Control )

(- Parameter

{__Uutput Modulg )

([ Gest Program_ )

TransTate ]

University of Ottawa
Department of Computer Science

[ SimuTation ]

(_Felp ]
{__ShellTool )]
(_GQuit ]

Figure 3.2.3 A pop up window appears on the center of the screen for
coupled model environment entry.
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(" Symbol Table ] [Rescrved Words)

Rangc of T lnoctive
Autosave [requency: Os

- Typa : coupled Hodal
- Nama ; HotorController,

Direct ory: /usrl/student/tan/magest

Figure 3.2.4 Environment for coupled model.
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3.2.3 Multi-Rate Model Envi'ronment

The multi-rate model environment provides computer-aided facilities
to specify and edit a Gest multi-rate model. The operations for multi-rate
models are similar to the operations for coupled models. Figures 3.2.5

and 3.2.6 depict entering a multi-rate mod&envimnment and a multi-rate

model environment, respectively.

Main Menu

GEST ENYIRONMENT [ Single Model

)
[__Coupled Model )
]

by Gest Research Group (it T-Rate Mcdﬂ%
- (__Parameter D]
- Tuncer 1. Oren ~ GEST P'roject Director
[_Experiment ]
= Jimmy C. M. Tam - Model Specifications
Run Cont
~ Nursel Astkhuon - Pll!f.llllt:l.l.‘]” & Experiment { tn_tontrol )
St ((_OQutput MedoTe )
- Grant ShL’:l"lg - S Pleaze antar model name
= Michuel Barrett - G Multi-Ratedodsl : | oo
Dirsctory : /usrl/student/tan/magest ([ Gest Frogr am J
- Ye YuCheng - O -
AT ( TrunsTate ]

([ Simulation | N

[ Help |
[ ShellTool ]
[ Quit

Univarsity of Ottawa
Department of Computer Scianca

Figure 325 A op up window appears on the center of the screen for
multi-rate model environment entry.
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MAGESE - Envierniment for Hult) Autu Hokel
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EndExtorna IVartablan .
Componsniadels (—Save ][ Help ][ Return ]

FaalConkinugueModal Faat

SlouCent tnucusHode? Slow (T Frint )[ Clear [ Tond )
EndCemponsnidodels

ExtarntiCouplings , === ===
ExterneiQutputs
EloctronicDacillator.3  <-- 3low.§ - .
ElectrentcOnctllator. X <-- Slow.¥d Cartification Status:
EndExternailutputs

EndExtoraalCoupl inga (MuTti-Rate Model'] certified

Intarnaitouplinga
Faut.§ <-- Slou. ¥ o == I
Fast X3 <-- Slow.X3
Slow. X2 <-- Fagt.X2 L3
EndInternalCouplingn
g Enctpdal Edectreniefaciater

Praepare Coupling:

(CExternolCoupling ] [ InternalCoupling ]

Magest Support Windows
i
[ Shelllool { Reterence File])

([ Symhol Taoble ) [Reserved Words

Options

Range of 3 T Inactive

Autosave f[requency: &

©v

- Type : nxulti-iate Hodael
- Name : Electronlcoscillator,

Directory: fusrl/student/tan/magest

Figure 3.2.6 Environment for multi-rate model.
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3.3 Magest IIQ"“

3.3.1 Introduction to the Magest I/0

Magest VO (Magest Input/Qutput) provides basic system functions for
the modeller. These system functions consist of communications between
the modeller an;i the operating system. They are the most commonly used
functions and are put in one group and displayed in the same location as it
is the case for single moziél’s/(Figure 3.2.2), coupled models (Fiénjre 3.2.4),

and in multi-rate models (Figure 3.2.6).

As®seen in Figure 3.3.1, the functions provided as-Magest /O

~

functions consist of: save, help, return, print, clear and load.

-~

-]
Magest I/0

(_Save J[ Help J( Return )
(( Print J[ Clear (T Load )

Figure 33.1 The Magest 1/0
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3.3.2 Save

The Save function provides the ability to save a copy of file on the
text editor window to the disk drive. The filename is on the right bottom

corner of the screen, which is the last item of the panel.

Note that the system might perform the save automatically if the
number appear\ing on the autosave option is more than 0. We suggest that
the modeller set the autosave option to 5 to ensure an autosave after each
five modifications to the text editor window. This will avoid of losing the

file if a system crash occurs.
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3.3.3 Help /

The Help function provides the ability to display appropriate sections
of the Gest tutorial manual in the help window. Once the Help button is
activated, a submenu appears. As shown in Figure 3.3.2, this submenu
contains the topic of the available reference manuals. After the modeller
has made a selection, a subwindow will appear with the appropriate

documentation.

As shown in Figure 3.3.3, the pop up menu of the help window

contains the following functions:

Function Description K - |

Done Reading is finished, close the window.

Move - To move the window.

Resize To change the size of window.

Redisplay Redisplay the window.

Print To print the appropriate section of the Gest
tutorial manual (see section 3.3.5 for a
description).

Tabledji.Z The contents of the pop up frame menu in the help
subwindow.

The Help documentation is not fully implemented in the current
version of the Magest system. However, the architecture of the system
has provisicn for it. The names of the help files to be provided is given in

appendix A.S.

Due to the sun workstation’s limitation on windows, the help

subwindow is shared with the reference file subwindow. Therefore, when
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-

this subwindow appears, the reference file subwindow will disappear.
Similarly, when the reference file subwindow appears, the help subwindow

will disappear.

’

T

N
Magest I/0.
[ Save j - ééé?ctgrr'ou?d : —

-+ Continuous Model
L Print ] [ Cled Discret Model
Memoryless Model
Continuous Multi Model |
Discrete Multi Model |
Memoryless Multi Mode]
Macro Model B
Coupled Model h
Muiti~Rate Model !
Parameter 1
Experiment
Run s
Output Module
Frog:am

CHYHERW. |

rrrereny

Figure 3.3.2 Submenu of Help function. -
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-[4% pouslble to declare the distributlon function to be used
‘{te generate them.  Anotlier possibility is the abllity to
declare tabulur functlons and the ussoclated Interpolation
requirements,

.| The dynimie slructure vonuluts of three blocks:

1) 4 derivative block which contains the speeiflcations of
the derivatives of  the stute variables and  the <onpult a-
g tlons of the neceusary suxlliacy variabley;

2) an opllonul output bleek which contains Uhe transfopmo-

B tions of the stale and/or auxlllary variables into output
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Pop up menu

I1/0
Y Help ) (Ketarn )
- J(—Clear J(C Toad )

ication Status:

Je Model ] certified
| Structure} Certified
£ Structure} Certified

Support Windows

ITool (Reference File)
I TobTe ) [Reserved Words )

: S lnactive
S Gutdines

[
W frequency:

~
w5

a .
=] :

Continuous Hodal
HormalPerson .

e

ﬂ Directory: sudent/tan/nagest/ezanples

Figure 3.3.3 Help pop up window with pop up menu.
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3.34 Retur_n

The Return function allows the modeller to leave the present
environment, either t¢ return to the Main Menu, or to return to the Unix

operating system. Once the Return button is activated, a submenu

appears. As shown in Figure 3.3.4, this submenu contains the return

choices.

Magest I/0

(_Save J( Help J[ET torainMenul}
—=+| to Unix '

(CPrint_J(Clear [ Toad

Figure 3.3.4 Submenu of Return function.

3
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3.3.5 Print.

The Print function provides the ability to print files. Once the Print
button is activated, a pop up window appears (see Figure 3.3.5). This pop

¥
up window contains the following items:

Item Description
Filename The name of the file to be printed.
Directory The directory where the file is located.
Printer Name | - The name of printer where the file has to be
printed.
- To use laser printer entery/ Iw
- Default is tlﬁa\ﬁé?)nal printer.-
Page mode - If the switch is on, page¢ heading information is
included. -
- If the switch is off, page heading information is
not included.
- Page heading information includes the name of
the

file, date and page numbering.
- Default is on.

Copy - Number of copies to be printed.
- Default is 1.
Column - Number of columns per output line.

¢ . .
- Is ignored for laser printer.

- For normal printer (at the University of Ottawa):
80 - indicate 10 pitch (default value).
132 - indicate 12 pitch.

Table 3.3 Description of print file subwindow.
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Print file menu

Filename : Fastia
Directory : /usrl/student/tam/magest

Printer Naﬁe
Page mode

Figure 3.3.5 Print file menu.
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3.3.6 Clear

The Clear function provides the ability to clear the text editor
window. Once the Clear button is activated, a pop up window message
appears (see Figure 3.3.6). If the modeller presses Yes, the system will
save the file and clear the text editor window. If the modeller presses No,
the system will clear the text editor windowywimout saving the file. If the

modeller presses Cancel, the system will not clear the text editor window.

MAGEST -_EnvIrormont for Single Node)

[2]Cont ThuoutModnl Harma $Pargon
Stat{cStructiure
Inputs Magest I/0
2 {* fuond [nput =)
Staten y
Y1, {* Blood Sugar Laval o __save [ Help J(Keturn )
A4 {® Blend Dnaultn Lovel =)
Outputs . (CBrinc ) Fllenr— Loud 7}
Y1, (* Blocd Sugar Level ) ~,
hed (* Blomt Inualin Luval =3
Auwtlisryvartablos ]
H
Comatamts ¥I1, ¥12 Certification Status:
v11 = 130 {* Imt1al Sygar Level *) A
¥I1Z = B (* Inttiad Dmulin Cuvnl ) ([ Whole NModel ] Uncertifiecd
EnaConetantn .
Par amirLor (Static Structure) Certified
(3 {* Sonsitivity of auger lovael
gradient to 1noulin ") namic StrucLure crtific
Az, {* Sunsillvity of nugar lowel lDy ] Uncertlfled
gradiont to low blood Juqsr .
avaly e e e e e ]
Ad, {* Sonnibivity ¢ B tt de17?
gradiont to tH o you wan C mave your model? .
81, { Sons(tlvity of HormalPerson gest Support Windows
gradiemt to hy KT T
Tevals She[ l IUO[ I ererence I Te
ez, (* Sensitivity o] [ ¥YES | (w0 ] [cnicEL) L
gradiont to & v ) -
QFeoo[3), (+ Quantity of faod at threa . Symbol Tuble (Reserved Wordy)
maa} timos =)
TEaongy], {= Hunal timou 2 e ]
XFoOn(3) {* Delay pffarotar *)
End3tat!icStructurn
tions
DynamicStructure OP
Dertvatives 3 . A~
IF((Y1 - ¥I1) < 0.q) Range of : Cactive
Then H = ¢
Lleg H - 1 Mode : < Guldance
Englf
Y17 = -Al- -~
EngDar 1vatives Autosave [requency: s
g En‘d[)ynnm!cslrucluru
e
Model

O]

- Type : continucus Wodal
~ Nama + HormalPerson

Directo:y: -udcntltum/maqest/c:mpl:5 f

Figure 3.3.6 Confirm save window for Clear function.
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3.3.7 Load

The Load function provides the ability to load a file into the text
editor window. Once the Load button is activateci, a pop up window
appears in the center of the screen (Figure 3.3.7). This window asks the

modeller to enter the filename and the directory name. By default, the

present directory is given.

The text editor window must not contain anything in order t'o start
editing another file. If the editor window has not been cleared, the system
will advise the modeller to clear the editor window before loading another
file (see Figure 3.3.8). The editor window can be cleared by pressing the

Clear button (sec section 3.3.6).

It is important to know that the type of the model you are going to
load must be the same as the type of the model you were working on

before. The type of model is indicated in the last panel, which is on the

right bottom of the screen.

If the modeller wants to load a model which is a different type, then

the procedure is to return to the Magest main menu and activate the proper

environment.



NABLST  Toviromment for Single Moded

| Cextification Status:

Magest I/0
(__Sove ([ Help [ Return )
(_Frint J[Clear }[Folond y

ole NMode Uncertified
(Static Structure} Certified
(Bynamic_Striicture] Uncertified

Plears entear modal naswe

Hodal L
Pirectary : /uirl/student/tan/mugest

ost Support Windows

ShellTool ] (Reference File )

ymbol Table 7] (Reserved Wordy )

Cptions
Range of : Cactive
Mode : < Guidance

Autosave frequency: Os

Model
— Type : continucus Hodel
- Name : NormalPerson

Directo.v:y : sudent/taz/magest/exanples

Figure 3.3.7 A pop up window to get information

of load file.

file.

Magest: Please clear your preseni text editor window before loading another

Figure 33.8 Message to suggest the text editor window clear before

loading another file.

B2
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3.4 Prepare Coupling

3.4.1 Introduction to Prepare Coupling

The Prepare Coupling function provides facilities for coupled models
and multi-rate models, to specify blocks of "MazroModels" as well as

templates of "ExternalCouplings” and "InternalCouplings."

The "MacroModels" block is generated by Magest for documentation
purposes. It gives a list of all the macro models (if any) used by the
components of a coupled or a multi-rate model. The list of the macro

models is compiled from the static structures of the component models of

a coupled model or a multi-rate model.

The template of the external coupling is based on the lgnowledge of
the external inputs and outputs of the coupled model and the inputs and
outputs of the component models. It consists of the specification of qn
external inputs block where the inputs of the coupled model are assigned
to some inputs of relevant component models. The specification of an

external outputs block where the outputs of the component models are

assigned to some outputs of relevant coupled models.

The template of the internal coupling is based on the inputs of the

component models which are not yet assigned any source of input.

{

N
o~

4"



Page 46

3.4.2 External Coupling

The External Coupling function provides the specification of a
"MacroModels" block and the template of "ExternalCouplings”. Once the
External Coupling button is activated, the knowledge of the coupled
model is checked by the system, and the component models of a coupled
model are certified by the system. If there are any semantic and/or
syntactic errors found, then Magest will inform the modeller’to correct the
error and the "ExternalCouplings” block will not be provided. If a
"MacroModels" block and/or "ExternalCouplings" block already exists,
then one of the pop up windows in Figure 3.4.1 is given. After all of that,

a "MacroModels" blqck and/or;'i template of "ExternalCouplings" is
provided. 0

Do you want to delete your old
MacroModels block ?

( YES ] (_ N0 ] (cancEL

e

Do you want to delete your old
ExternalCouplings block ?

(@) (W)

R —

B A “— 1

Do you.want to delete your old
MacroModels and}pxternalCouplings block ?

() (W) (e

Figure 3.4.1  Confirmation windows to delete old blocks for the
External Coupling function.
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Example: |

Consider the coupled model "A" as follows:

CoupledModel A
ExternalVariables
Inputs ail, ai2
Outputs aol, ao2
EndExternalVariables

ComponentModels
ContinuousModel B %
DiscreteModel C

EndComponentModels

EndModel A

Figure 3.4.2 Unfinish coupled Model A.

Continuous model "B" and discrete model "C" are as follow:

ContinuousModel 3 DiscreteModel C
StaticStructure StaticStructure
Inputs bil, bi2 Inputs cil, ci2
States bs States cs
Outputs bol, bo2 Outputs col, co2
Macros m1 Macros m2, m3
EndStaticStructure EndStaticStructure
EndModel B EndModel C

Figure 3.43  Continuous model "B" and discrete model "C"

Once the External Coupling button is activated, the system checks
the specification of the coupled model "A", and certifies component
models "B" and "C". After all the necessary checkirg, the "MacroModels"

block and the template of "ExternalCoupl ngs" are given as follows:
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CoupledModel A

. ExternalVariables
Inputs ail, ai2
Outputs aol, ao2

EndExternalVariables

ComponentModels
ContinuousModel B
DiscreteModel C

EndComponentModels

MacroModels
ml,
m2Z,
m3
EndMacroModels

ExternalCouplings
Externallnputs
A.ail -->
A.ai2 -->
EndExternallnputs
ExternalOutputs
A.aol <--
A.a02 <--
EndExternalOutputs
EndExternalCouplings

EndModel A

Figure 3.4.4 A "MacroModels" block and a template of
"ExternalCouplings” for the coupled model "A".

The right-hand sides of the symbols "-->" and "<--" are to be filled-in
by the user to indicate where the: inputs and outputs to model A are

connected.
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3.4.3 Internal Coupling

‘The Internal 'Coupling r/function provides the template Sf_
"InternalCouplings”. Before working on an internal coupling, the external
coupling should be specified and certified by the Magest system. If an
"InternalCouplings" block already exists, then a pop up window as shown
in Figure 3.4.5 is given. Otherwise, a template of "InternalCouplings” is

provided.

e —————

Do you want to delete your old
InternalCouplings block ?

YES (_.NO ] | [CANCEL)

—r

Figure 3.4.5 Confirmation windows to delete\the old block for the
Internal Coupling function.
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Example:

Consider the following coupled model "A" where the external

coupling is specified and certified:

CoupledModel A
ExternalVariables
Inputs ail, ai2
q Outputs aol, ao2
EndExternalVariables

ComponentModels
ContinuousModel B
DiscreteModel C

EndComponentModels

MacroModels
ml,
m2,
m3
EndMacroModels

ExternalCouplings
Externallnputs
A.ail --> B.bil
A.ai2 --> C.cil
EndExternallnputs
ExternalOutputs
A.aol <-- B.bol
A.ao2 <-- C.col
EndExternalOutputs
EndExternalCouplings

EndModel A

Figure 3.4.6 Unfinish coupled Model A.

Continuous model "B" and discrete model "C" are listed in Figure

3.43. Once the Internal Coupling buiton ”is activated, the system

*
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generates the template of "InternalCouplings” as shown in the last part of

Figure 3.4.7.

Figure 3.4.7

CoupledModel A
ExternalVariables
Inputs ail, ai2
Outputs aol, ao2
EndExternalVariables

ComponentModels
ContinuousModel B
DiscreteModel C

EndComponentModels

MacroModels
ml,
m2,
m3
EndMacroModels

ExternalCouplings
Externallnputs
A.ail --> B.bil
A.ai2 --> C.cil
EndExternallnputs
ExternalOutputs
A.aol <-- B.bol
A.a02 <-- C.col
EndExternalOutputs
EndExternalCouplings

InternalCouplings
B.bi2 <--
C.ci2 <

EndInternalCouplings

EndModel A

A template of "InternalCouplings” for the coupled model

" A" .
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- The user has to complete the fight—hand sides of the symbol "<--".

For example it could be given as in Figure 3.4.8.

InternalCouplings
% B.bi2 <-- C.co2
C.ci2 <-- B.bo2

EndInternalCouplings

Figure 3.4.8 InternalCouplings for the coupled model "A".



T

Page 53

3.5 Detailed Functions in Magest

Detailed functions in Magest include the following:

1y
2)

3)
4)

5)

Certification functions,

Magest support windows which include shelltool, reference file,

symbol table and reserved words,
Options,
The text editor walking menu, and

Model type insertion functions
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3.5.1 Certification

The Certification mode is an important function provided by Magest.
It provides the ability to perform complete syntactic and semantic checks
on a model. Rules for syntactic checks are according to ﬂlé'}LBNF
(Backus-Naur Form) representation of the Gest language. Most of the
semantic checks are aécording to the semantic facts and rules as specified
by Oren and Sheng (1988). Over ten more semantic facts and rules have
been added to the system. Details of semantic facts and rules are

discussed in chapter 5. o=

" As seen in Figure 3.5.1, 3.5.3 and 3.5.4, these aré the certification
s&:\\tion of the environments for single models, coupled models and multi-

rate models respectively.

The certiﬁcz_ltion section for the environments for single models is
slightly larger than the other sections of the e%wironment. For a single
model, there are three different kinds of certification, i.e., certification of
whole model, static structure, and dynamic structure. Certification of static
structure requires checks on static structure only. Certification in dynamic
structure  performs checks on dynamic structure with respects to
knowledge already accepted in the static structure. However, certification
for the whole model performs complete checks to both structures, as well
as some additional semantic checks of the static structure if the dynamic

structure has already been certified.

In the environment for single models, certification of dynamic

structure will not be performed if the static structure is uncertified. This is

Ve
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Certification Status:

([ VWhole Model ™) certified

[StatiE\Structure] Certified

(Dynamic Structure] Certified

e e e Y Ty ————

e e —— et (e . e . ey Pt St T ——— A o} o e e . e e e, .

Certification Status:

(__Whole Model ™) Uncertified

(Static Structure] Certified

[Dynamic Structure] Uncertified

Certification Status:

([ Coupled Model ] cCertified

Certification Status:

(Multi-Rate Model] certified:

S e e e et Bt LRSSk e TR e T — . e o ey ot o B . b e ey et ]

Figure 3.5.4 Certification function of the environment for multi-rate
models.
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because certlﬁcatlon of dynamic structure requlres knowledge from the
static structure. Moreover a very simple logical arrangement is applied to
the status indication in single model mode only. If one of the structures is
not certified, the wﬁole model status is indicated "Uncertified". In addition
to that, the whole model status is indicated "Uncertified" automatically. As
shown in Figure 3.5.2, the whole model is uncertified because the dynamic

structure 1s uncertified; however the static structure is certified.

The certification sections for the coupled model and multi-rate model
environments include the certification of the coupled model and multi-rate
model only. However, when assistance is requ.ired from Magest tﬁg
prepare couplings, then all component models of ‘a coupled model (or a
multi-rate model) are certified autorﬂatically. Once a component model
has been certified, Magest will store the knowledge in the model-base.
Therefore, Magest will not certify a component model again -on the next
certification, unless, the modeller has performed some editing to the
component model specification. This reduces redundant certification of

component models and increases the efficiency of the Magest system.
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The ShellTool function provides a Unix emulator subwindow. "It

runs the shell, or the command ipterpreter, that you have typed Unix

commands to all along” (Sun Microsystems 1986a). The ShellTool

function is provided in the Gest executive and all of the Magest

environments.

environment of a single model.

r (TN 0} ¢ Mo
s|ContinuoiiModal  Fout
StaticStructure
- (1 Inpute
3.

Qutpuls
¥4

Furometory

R1, (* Rapistange {n kQlms

Rz, {* Ramlatance in kOhms

C1, {* Capacitanco in micreFarads
(* Capscitanca in microFarads

CndStaticStructy
Dynamicitructur:
Dorivativen

wolcaic taml

Y14 = ¥2
Y27 = =Hary
K1* = 2e¥le
¥2* = K1/R2
EndDor {vativey
EndDynemicStruc

EneMadal Fast

L)
et et N

Figure 3.5.5 shows the Shelltool subwindow in the

Magest I/0
Save [ Help Return )

(Print J{_ Clenr J( Load ]

Certification Status:
1ole Mode Certified
Certified

' Structure} Certified

Support Windows

[Tool A [Reference File)
Il TubTe ) {Keserved Words )

£ Cnactive
T Guidance
P frequency: Os

- Type : continuous Hedal
- Name : Fasy
Directory: Jusrl/student/tan/maqgest

Figure 3.5.5 The ShellTool subwindow.
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3.5.3 Reference File

The Reference File function provides the ability to view another file.
Once the Reference File button is activated, a pop up window appears

(see Figure 3.5.6). The modeller should enter the following information:

1) The name of the model.

2) The directory corresponding to the file for the model. By

default, the modeller’s current directory is given.
After entering information above, activate the QK button.

At this moment, Magest checks whether or not the given filename
exists in the directory. If the file already ‘exists', then Magest opens a text
editor subwindow, and displays the file in it (see Figure.3.5.7). This text
editor subwindow is read-only. It prevents the modeller from entering

incorrect entries by mistake.

Note that due to the sun workstation’s limitation on windows, this
subwindow is shared with the help subwindow as explained in section
3.3.3. Therefore, when this subwindow appears, the help subwindow

disappears. Similarly when the help subwindow appears, the reference file

subwindow disappears.
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Enter filename please:

Filename :
Directory : /usri/student/tam/magest

Figure 3.5.6 Once the Reference File button is activated, a pop up
window appears.

o e ! d o

2t Lont {hususMadnl Enginn
StaticStruciure
Inputa Real x Magast I/o
Rangalf » = (‘
Stat.
Du:p::' (Save ([ _Help [ Return ]

Aunt HaryVar tablon

Frint Sar '| Lond I
Canstanta X ™

EndConstontc .

Parameters - mTmmmT
AuxiliaryParsmaters
EndAusi HaryParamotors

Cortification Status:
Tabularfunctions
Intarpalutiang { Whole Model ] Uncertified
EndInterpcistionn
En:?i::?.‘llcﬂtruc Lturn [ Static Structure ] Cert lf im
-
DymamseStructure (Dynamic Structure] Uncertified
Dorivativan
EndDertvatlvoe

OutputFunctions

T
Magest Support Windows

EndOutputFunetllonn

[ ShellTool ] [Reference File]
Updatos
En:'d;'ﬁ.m (Symbol Table ) {Reserved Words )
End0ynamicStructure

EncModal Engloa

Kotswwoan Filn: Koloe.w
| 3] Centinuouskodel Kator
Pl StaticStructurs
Inputs U
States TH, TNIOT
Qutputs ¥
JuzxiliaryVarisbles XE, I

Paransters D{:JR. I, T
Enditaticitracture

DynasicStructurs
Derdvatives
T - TICT
5 THWT' = KE/T
13 NE = B~ [
: 9 I« (U - K= MeI/R
BudDerivailives

CutputPumciions
TeCl*T

Figure 3.5.7 Reference file subwindow.
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3.5.4 Symbol Table

The Symbol Table provides the modeller with the symbols used in
the present model. Once the Symbol Table button is activated, a pop up
window appears (see Figur¢ 3.5.8). The symbol table has three sections:
name, structure and type. The structure is where the symbol is aeﬁned.
The type is the type of arithmetic variable classification. After any
modification on a modei, once the Symbol Table button is activated, the

updated symbol table is displayed.

Al 0 0 gle Mo
sllontinuouMadat  Fact

StaticStructure
Inputls Magest I/O
5,
X3
States ((Save }(Help ) Retfurn )
Y1,
:i. (_Frint J(CCTear J([ Load )
xz'
Qutpata e
X2
Faramotoru .
a1, (+ Raslatance t6 KOs " Certification Status:
R2, {* Resistance 1n k{bmg )
c1, {= E:n;}ut:!l::nn:u In mlgrcFarads ay [ Thole Model ] CCItlflOd
: c2 {* Cepacitanco in micrcFarads *)
EndStaticStrucs .
Oynam o iram b (5tniic Structure]} Certified
Dertvatives
; Y1tz y2 n TLure) , P
i Y2' a3 -BANYl w 7 56(2 4 § - yieer () s vY (Dynamic Structure Certified
K™ = Ze¥1=Y2/RE + (N2-K1)/R1*CL
X2' T HI/R2CL « (I/RZCL % 1/R24C2)eN2 = XO/RAsC e ]
Eodlorivat v
EnprynanleStructure Magest Support Windows
(___ShelTTool” ] (Reference Fila)
Symbol Tablg ] (Reserved Words )

it:: [9) Parsmeters Kaal

i c2 Parsaeters Keal
15 Fast ContinucusHodel -

L Parasstarz Vaal

o K2 Farasustorw Keal

a5 Inputs Keal

o kL Stater Keal

Stater & Dutputs [

Inputs Kerl

J Y1 States Kand

H Y2 Statas heal

] DITEOTOEy T oy

Figure 3.5.8 SymbBol table subwindow.
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3.5.5 Reserved Words

The Reserved Words function provides the ability to display the
appropriz}ltc section of the dest reserved words on the reserved wo;d
window. Once the Resérved Words button is activated, a submerfh
appears. As shown in Figure 3.5.9, this submenu contains the alphabetic
letter from A to Z. It represents the leading letter of reserved words.

After the modeller has made a selection, a subwindow will be shown with

the appropriate reverved words (see Figure 3.5.10).

Mages* Support Windows
(_ ShellTool ] [Reference File])

(“Symbol Table ] [RE

gN{:UZL-'T\UJ

Case0f
bl Case
“1chisq
Communicate
ComponentModels
Constants
ContinucusHodel
ContinuousMultiMedel
Cos

Coupleddodel

1 Crosses

-
-

f‘nw'}--:'F-:naJ;;nh C+atrior -

Figure 3.5.10 Reserved words window.
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The Options section provides the ability to select options provided by

. Magest. Figure 3.5.11 shows options which could be selected. Table 3.4

below summarizes the options:

Items

Options

Explanations

Range Of

Active

Range Of declaration will be given
automatically in Static Structure for all the
variables and parameters.

Inactive

Range Of declaration will not be given
automatically in Static Structure.

Mode

Guidance

Magest performs syntactic and semantic
checks for each input entry in the text editor
window.

An input entry is defined by pressing the
return key in the text editor window.
Checking is performed until the current line
in the text editor window.

Edit

No checks are done on the text shown in the
text editor window.

Autosave
frequency

5, 10, 15,

20,0

Number of modifications in the text editor
window to automatically save the entries.
"0" means no auto-saving has to be done.

&

Table 3.4 Options in Magest.
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Options
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Autosave frequency: Cs

Figure 3.5.11 Options in D”Iagest.
!
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3.5.7 Walking menu in the Text Editor

The walking- menu can be obtained anywhere in the text editor
window. It provides many convenient functions for the modeller. Since
the model structure depends on Lht;_ type of Gest model, the functions
provided in the walking menu are different. Figures 3.5.12 and 3.5.13 are

the walking menus for environments for the single models, coupled

models and multi-rate models.

> (What Tine #7
[Caret to top i
unsert line ﬂj

[StaticStructure -ﬂ

:
L
[Repetition bl ockﬁ

[Insert Tine= ]

¢ arue a4 RIS

Figure 3.5.13 Walking menu for the coupled model and multi-rate model

text editor window.
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Table 3.5 below summarizes the functions in the walking menu:

Items ' Explanations
What line #? Report line number of the current caret
) location,

Careq to top ' Send the caret location to the top of the text
editor window.

Find Perform string search functions. Figure
3.5.14 shows the submenu.,

Insert line Insert blank lines below the current line.
Figure 3.5.15 shows the submenu.

Static Structure Figures 3.5.16-3.5.17 shows all submenus of

the static structure for different types of
models. This function insert an item into the
static structure of the model.

Dynamic Structure Figures 3.5.18-3.5.24 shows all submenus of
the dynamic structure for different types of
models. This function insert an item into the
dynamic structure of the model.

Selection block Figures 3.5.25 and 3.5.26 show the submenus
Repetition block of these functions. These functions insert the

specific program structure in the model, |
starting at the current cursor location.

Table 3.5 Functions in walking menu,
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[Caret to top

[What line &7 1!

F1nd forward
Find ;. backuard |

[Insert Tine
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[Find =]

Insert line

[StaticStructurae 3
[ DynamicStructure 5
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[Sele 55

{ Repetition block

Figure 3.5.15 Submenu of Insert line.
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Figure 3.5.16 Submenu of Static Structure for continuous
models, Tentinuous. multi- models, discrete

models and discrete multi- models
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Figure 3.5.17 Submenu of Static Structure for memoryless
models, memoryless multi-models and macro

models.
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Figure 3.5.19 Submenu of Dynamic Structu ¢ for continuous
multi-models.
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[What 1ine #7

[Caret to top
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|
=]
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[Insert line = |
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models.

Figure 3.5.20 Submenu of Dynamic Structure for discrete
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Figure 3.5.21 Submenu of Dynamic Structure for discrete

multi-models.
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Figure 3.5.22 Submenu

of Dynamlc Structure for

memoryless models.
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Figure 3.5.23 Submenu of Dynamic Structure for
memoryless multi-models.
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Figure 3.5.24 Submenu of Dynamic Structure for macro

models.
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Figure 3.5.25 Submenu of Selection block.
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Figure 3.5.26 Submenu of Repetition block.
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3.5.8 Insert Type of Models

Insert Type of Models function provides abilities for coupled models
and multi-rate models to insert keywords in the text editor window. Once
a button is activated, the corresponding keyword will be inserted at the

cursor location of the text editor window.

The objective of this function is to provide keywords while the
modeller is doing the specification for the "ComponentModels" block.
Instead of obliging the user to type the keyword for the type of a model, it

is provided by the 'system.

—_-—-——.—_..__..__.______-_____-_—._—--——__._.__

Insert Type of Models
[ cContinuousModel ]LContinuousMultiModeﬂ

[ DiscreteModel ~ ) { DiscreteMultiModel )

(_ MemorylessModel | (MemorylessMultiModel)
{  MacroModel ]

—-———.—--———_—.—_————-n———.-———n————u——n——

Figure 3.5.27 Insert Type of Models functions.
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Chapter 4

MODELLING ASSISTANCE PROVIDED BY MAGEST

System functions in Magest have been described in chapter three. In

this chapter, we demonstrate the specification of single models, coupled

models and multi-rate models in the Magest environment.

i
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4.1 Single Model Specification

In this section we demonstrate the specification of a single model in

Magest. For example, we have the following continuous model:

Y

ContinuousModel Moto:
StaticStructure
Inputs U, V
States TH, THDOT
Outputs Y
AuxiliaryVariables ME, 1
Parameters KM, R, J, CT, TH
EndStaticStructure

DynamicStructure
Derivatives
TH’ = THDOT
THDOT’ = ME/]
ME = KM * |
[ = (U - KM * THDOT)YR
EndDerivatives

OutputFunctions
Y =CT*TH
EndQutputFunctions
EndDynamicStructure
EndModel Motor

Figure 4.1.1 Rough version of continuous model "Motor".

This 1s a rough and uncertified copy of model "Motor". Some
Wy

A example errors to be detected by Magest are shown in bold face

)

characters.
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uotcsie(tam2) suntools]

Figure 4.1.2 From Unix to Suntool.

L]

Here,~ we are starting from the primary environment of Sun

workstation. Type suntool to enter the SunVicVT’window environment.

\

N
-

After a few seconds, you see the following screen: N
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i T . [&;l . W _
ﬁ ’ % }; ‘“! | J l’ {l | iJ"ﬂ {fi ; m ;f!%xl‘“' .

0 llhﬂ *ﬂ"‘*‘nw‘mill w !““JW .

Figure 4.1.3 Type gest to enter the Gest Environme

This is a standard SunView window environment. In one of the Unix

emulator windows; e.g., Shelltool or Cmdtool (Sun Microsystems, 1986a).

Type gest ‘to enter the Gest environment. After a few seconds, the

following screen appears:



LEST £aututive - Main Momu

Main Menu

GEST ENV [RONMENT {__Single Model )

[ Coupled ModeT )
(MuTti-Rate Hodel)

by Gest Rescarch Group

[ Parameter ]

- Tuncer I. Oren - GEST Project Directorg,
((_Experiment )
-~ Jimmy C. M. Tam - Model Specifications
Run Control™ ]
- Nursel Agikhan = Parmmeter & Experiment (_Fun Contro
Specifications [ Output ModuTe )
- Grant Sheng ~ Scmantic Facts and Rules
- Michuel Barrett - Gest Run-Time Library (_Gest Frogram )
- Ye YuCheng ~ Gest Translator ‘ ( TransTate )
( Simulation )
"7
\\
| (Belp )
4
| ([ SheTTTool )
! . ) { T Quit ]
o Univarsity of Ottawa
== Dapartment of Cemputer Science
A

" Figure 4.1.4 Gest Environment.

This is a typical main menu of the Gest environment. As depicted in
section 3.1.2, this is aiso called the Gest Executive. Since the continuous

model "Motor” is a single model, press the Single Model button.

3
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GES! Envcutive - MalnMens -

Main Menu
GEST LNV IRONMENT (Single WodeT .
Ay
([ Coupled Model )
by Gest Rescarch Group ' (Multi-Rate ModeT]
Farameter
- Tuncer 1. Qren - GE L :
Tnter Hodgl : [ _Experiment ]
- Jimmy C. M. Tam - Mo \ﬁz
’ s stude n/nAges T s
= Nursel Asikhuan - Pu _D_li._c_to_rj__:\__ ”_t_uff_nif_tfj:nfc_:__ (_Fun tontrol ]
Spi| Type: [ Output ModuTe )
— Grant Shcng - Scf g Continucuan Model
“ Continuous Hulti Hodal
- Michael Barrett - Gof @ é Diueratu Hodal [ Gest Progrum )
o Diocrete Hulti Haduel
~ Ye YuCheng - Gelp Momorylose Hodol ( Translate ]
a Himory lnun Hulbll Hodul
18] Macre Model [ Simulation J
CReE
(_Help ]
((_ShellTool ]
C it )

Univarsity of Ottawa
Department of Computer Science

Figure 4.1.5 A pop up window appears on the center of the screen, for
single model environment entry.

A pop up window shows up. Enter the model name "Motor" in the |
todel name section and the directory corréSponding to the file where the

model will be kept. You can change the directory also.

By default, the type of model is a continuous model. Therefore, we

ddn’t need to change the selection. After entering and selecting all of the .
..-"—-‘-’

information above, press the OK button. /
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EndStaticStructurs

DynanicStructiurs
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EngDerivativen
OutputFunctionn
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Al EndDynamicStructure
[d End4odal Moter

i:ilnul: Kow f1ile.

Magest I/O

(Save J(CHelp [ Return )
(CFrint ) (CClear ) TLaid B

Certification Status:

{ Whole Nodel ] Uncertified
(Static”Siructure ] Uncertified

(Dynamic Siructure) Uncertified

T B et e e A A e e e . . i e

Magest Support Windows
(__SheilTool” ] (Reference File)

(SymboTl TabTé™) (Reserved Words )

Options
Range of : T Inactive
Mode : Z Gutdanca

Autosave frequency: Os

- Type ! continuour Hodel
- Name : Hoter

Direct ory: /usri/student/tan/maqest

Figure 4.1.6 .Envirorment for single model.

As shown in Figure 4.1.6, a template of continuous model "Motor” is

given, The purpose of this template is to provide all of the necessary

structure of a continuous model. The structures which are not needed can

be deleted from the template..
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Magest I1/0

[ Swve  J[_Help ][ Return )

{ Print [ Clear ][M Load ]

Certificat:l’.on E Status:
iole Mode Unce}ctified

[(Static Structure ) Unce}tified

(Dynamic Structure] Uncertified

Magest Support Windows

[ ShellToeol ] (Reference File]

(CSymbol Table ) [Reserved Words ]

Options
Range of :
Mode :

Autosove [requency:

T Inactive

2 Guidance

~
(o2

iﬂug"l: New fila.

‘- Type : Continuous Hodel

- Nam%_‘: HOT.OI"
Directofy. fusti/student/tem/magest

Pﬁgure 4.1.7 Deleting a block in the text editor window.

“ o

It is so easy to delete the structure we don’t need. To do the text

delete operation, follow the procedure below:

1) Press the left mouse button for the first character of the block.

2% Press the right mouse button for the last/character of the block. .

3) Then, press the function key 1\]1’0

To undo a deletion one can press the key L4. One can also select the

functions from the text editor walking menu tg put back some alréady

deleted items. By pressing the right button in the text editor window, a

!
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walking menu will appear.

o
After"the deletions, move the mouse to the text editor window, press
the left mouse button beside the "Inputs” specification to set the cursor
position.' Now, you can enter the Gest model specification line by line.

When you have finished a line, press the return key to the next line.

Since you are under the guidance mode of 'agest, everything you
enter is analyzed by the system. If the entrieg/are correct, the cursor will
position to the end of the following liné. However, if any entry contains

errors, Magest will give an error message in the message window.

ﬁ%i

MAGEST - Eqviruunﬁnf.fur Single Hodel
=|ContinuousMaode1 Motor
q StaticStructure

=

gf Inputs U, V

b States TH, THDOT k
S Outputs

i AuxiliaryVariables
B Parameters :

{g EndStaticStructure
%, BynamicStructure

o Derivatives

£

b EndDerivatives

o

o

;@ OutputFunctions

g

! EndOutputFunctions
%  EndDynamicStructure

EndModel Motor

BB IR

SITURA

Figure 4.1.8 Typing in the text editor window.



2| ContinuoucHodal Hotor

StaticStructurcs
Inpute U, ¥
Staton TH, THOOT LY

%putl Y .
d1faryVariables ME, I
Parsmatora KM, R, J, CT, 'Hl

EndStaticStructurs

BynamicStructure
Darivativas

Endlarivativon
ButputFunctions
EndOutputFunctions

EndDynamicStructure
EndModal Mator

Magent:

ol

Ropeated tdentifier in & wame model.

Magest I/0
{_Save J{_ Help ][ Return ]

- [ Print ][ Cleur ][-Lonr]

Caertification Status:
—
(Whole Wodel ) Uncertifizi

(Static Structure] Uncertifi

[Oynamic Structure] Uncertified

Magest Support Windows
[ ShellTool ) [Reference File]

[ Symbol Table ] [Keserved Words )

Options
"Range of : Cinactive
Mode : C Guldance

Autosave frequency: Os

- Type ! Continuous Model
- Nama H HOtOl“
Directory: /usrl/student/tam/nagest

Figure 4.1.9 Error occurs in environment of single model.
!

After entering the parameters, an error occurred. It tells us the

identifier "TH" has been defined more than once. If we look at the

symbol tablé, the variable "TH" has been defined as a state variable.

Therefore, we should decide which type of variable it should be. Finally,

we decide to cancel “TH" in the parameter declaration.
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Dpr_ing the time when the rrlodeller is entering the speciﬁcations; the
cértiﬁcation statuses are te‘liing him the condition of the model as certified
- lastly. " In guidance mode,. ﬂ;m cértiﬁcatidn status shows the lack of errors
from the beéinning of a model until the present line as’ indicated by the
cursor location. At any time, the modeller can act}\'/)ate one of the three
certification buttons, to get the current status of acceptability, i.e.,

certification of parts or of the whole model.

If the rﬁodelier wants to see whether the model is completely.certiﬁed,

he has to activate the Whole Mode) button.

~
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=|Continucuckiodal Hator
StaticStructure
Inputs U, ¥
Statea TH, THOOT
Outpute ¥ .
AuniliaryVariablea HE, I
Perunoters XM, R, J, CT
EndStaticStructure '

DynamicStructura
Darivatives
TH* = THOGT
THOOT* = MES]
HE = M * 1
I = (U~ K4 * THDOT)/R
EndCerivativea

DutputFunctions
¥ =CT «TH
EndOutputFunctions
EndOynamicStructure
EmModal Motor

S

Hagest: Inpul ‘v’ S not vead on tha righi-hand side of Derivative.

Suggest: Eliminate ‘Y’ or use 1t in Dorivitive.
N .

\ .
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Magest I/0 l _
[ Save ][ Help ][ Return ]
[ Print J[ Clear |{  Load }

Cextification Status;
(—F¥hole Wodel ] Uncertified

(Static Structure] Certified

(Bynamle Structure] Uncertified

Magest Support Windows .

( ShellTool ) [Reference File )
(—Symbol Tuble ) [Reserved Words )

Options
Range of : Clnactive
Mode :  Butdance

Autosave freqlency: Os

Model -
- TypB : Continuous Modal
- Name : Hoter

Dirgctory + fusrl /studcnf/tm}mgest

hY

Figure 4.1.10 Semantic error occuited in continuous model.

In Figure 4.1.10, the model can not be certified because input "V" has

not been used in the derivative section of the dyhamic structure. Magest

advises the modeller to either eliminate "V" or to use it in the derivative

. section. The modeller decides to erase the extra input variable "V". After

he erases it, he presses the Whole Model button again. This time, the

model is certified. This means that the specification of this continuous

model is completely correct. As well as the quality of this model has

been ensured by the Magest system.

As shows in Figure 4.1.11, this is the correct. version of continuous
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'modelw"Motor"-'." The cortection of this model has been assisted by the
Magesf system, so that we Have an enhance model free of syntectic errors,

Furthermore, the model does not violate the sema‘rE facts and rules of

Gest environment.

ContinuousModel Motor _
StaticStructure /
Inguts U
States TH, THDOT
Outputs Y . .
AuxiliaryVariables ME, 1
Parameters KM, R, J, CT
EndStaticStructure

.. DynamicStructure
Derivatives
TH’ = THDOT
THDOT’ = ME/]
' ME = KM * |
I =(U-KM * THDOT)/R
EndDerivatives

OutputFunctions
Y = CT * TH
EndQutputFunctions
EndDynamicStructure
EndModel Motor

Figure 4.1.11 Enhanced version of continuous model "Motor".
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. 4.2 Coupled Model Specification

. To specify a coupled model, the modeller must have all the |

component models individually specified and certified before hand.

After this preparation, the user can activate the coupled model button
(gs shown in Figure 3.2.3). The system generates a template (as shown in
Figure 4.2.1), to specify the exfemal variables of the coupled model. The
modeller specifies the external inputs, and external outputs. If there is any
syntactic’or semantic error, the system will advise the modeller in the

message window.

-

Then the; modeller specifies the names and types of the component
models. As explained in section 3.5.8, the keywords associated with the
type of co;nponent models can be entered by system functions to eliminate
typing errors. |

Once the modeller activates thé Exten;al Coupling button,. two
activities are done by the system. (see section ;’).4.1). If any component
model refers to any macro modél, the name(s) of such macro model('s)
is(are) provided in a list of "MacroModels". The template for the external
coupling is generated by the system. (see section 3.4,1). The modeller
completes the right hand sides of the external couplings. If there are any

syntactic or semantic errors, the system advises the user accordingly.

Afterwards, the user presses the Internal Coupling button for the
system to prepare the template for internal coupling (see section 3.4.2).
The user completes the right hand sides of the Speciﬁcatioﬁs. If there are

any syntactic or semantic errors, the system advises the user accordingly.
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Otherwise, the coupling is finished and the certification status of the

coupled model becomes "Certified”.

2] CouplecHodel HotorContral ler,
Extornalvariablon
Inputs
Outputs
EndExtarnalVarisblon

Cmponmmedol;

EndCoenponeniMode s
EndModal MotorCantroller

o

Magest I/O
[ Save [ Help ][ Keturn |
[ Print J[ CTlear [ Load ]

Certification Status:

F Couplcd' Model } Uncertified

Insert Typa of Models
(Continuoussodel ] {ContinucusMultiModel]
[ biscretedodel ] iDiscroteHulttModeLj
(T HemorylessHodel ] (HemorylessHultiHodel]

( MacroHodel )]

Prepare Coupling:

(ExternalCoupling J ([ InternalCoupling }

Magest Support Windows
T ShellTool ] [Reference File])
(Symbol Table ] (Reserved Words |

Options

Range of : . C tnactive
Autosave frequency: Os
Model

Mapaut: MNuwa fila,

e

-~ Type  Couplad Wodal
- Name . uotor(:ontrollcz;

Directory: Jusri/student/ton/mogest

Figure 4.2.1 Environment for a coupled model.
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4.3 Multi-rate model Specification

The exarriple of a \multi—rate model is taken from Barrett (1988) and
adopted from‘ Palusinski (1985).‘ Figure 4.3.1 is a complete speciﬁcaton of
the multi-rate model. Fiéure 4.3.2 and 4.3.3 represent Fast and Slow
component models. The specification of a multi-rate model starts with the
activation of Multi-rate ‘Model button in the main inenu, as shown in
Figure 3.2.5; Then thelfollo‘wing speciﬁcatio;s are ﬁrovid‘ed with the

guidance of the Magest system:

. - External variables
- Component models i

- Macro mc;dels

- External couplings

- Internal couplings

The specification is similar to the specification of coupled models.
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MultiRateModel Electrochscﬂlator :
ExternalVariables
Outputs S, X3
EndExternalVariables

ComponentModels
FastContinuousModel Fast
SlowContinuousModel Slow o

EndComponentModels vl

ExternalCouplings
- ExternalOutputs
- ElectronicOscillator.S <-- Slow.S
ElectronicOscillator. X3 <-- Slow. X3
EndExternalOutputs °
EndExternalCouplings

InternalCouplings )
Fast.S <-- Slow.S _
Fast. X3 <-- Slow.X3
Slow.X2 <-- Fast.X2
EndInternalCouplings :
EndModel ElectronicOscillator

Figure 4.3.1° Multi-rate model "ElectronicOscillator".
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ContinuousModel Fast
StaticStructure . ' -
Inputs
S’
X3
States
Y],
Y2,
X1,
X2
. Outputs
- X2
Parameters
R1, (* Resistance in kOhms
R2, (* Resistance in kOhms
. C1, (* Capacitance in microFarads
C2 (* Capacitance in microFarads
EndStaticStructure
DynamicStructure
Derivatives
YI' =Y2

X1 = 2*Y1*Y2/R1 + (X2~X1)/R1 *C1
EndDerivatives

EndDynamicStructure
EndModel Fast

Y2’ =-64*Y1 + 7.5%(2 + S - YI*¥2.0) * Y2

*)

)
)

X2 = X1/R2*C1 - (1/R2*C1 + 1/R2*C2)*X2 + X3/R1*Cl

Figure 4.3.2 ContinuousN‘Iodel "Fast”.




Inputs

X2

- States
X3,
X4, .
X5,
X6,
Vs
S

Outputs
X3,

S

Parameters
R3,

" R4,
RS,
R6,

- C2,
C3,
C4,
Cs,.
Cé6

Derivatives

EndModel Slow

ContinuousModeI Slow -
— StaticStructure

("" Resistance in kOfm_is
(* Resistance in kOhms

(* Resistance in kOhms

(* Resistance in kOhms

' (*'Capacitanc_e in microFarads
_(* Capacitance in microFarads

(* Capacitance in microFarads

(* Capacitance in microFarads

(* Capacitance in microFarads

EndStaticStructure
DynamicStructure

X3’ = X2/R3*C2 - (1/R3*C2 +. 1/R3*C3)*X3 + X4/R3*C3
X4’ = X3/R4*C3 - (1/R4*C3 + 1/R4*C4)*X4 + X5/R4*C4
X5 = X4/R5%C4 - (1/RS5*C4 + 1/R5*CS5)*X5 + X6/R5*C5

X6’ = X5/R6*C5 - (1/R6*C5 :
: V’ = X6/C6 '
S’ = 0.02*Abs(36 - 5.29 * Sqrt(Abs(V))) ** 1.2 *
Sign(Abs(36 - 5.29 * §

EndDerivatives
EndDynamicStructure

+ 1/R6*C6)*X6

qyt(Abs(V))) - 0.02*%8)

Figure 4.3.3 ContinuousModel "Slow".
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Chapter 5

SEMANTIC FACTS AND RULES USED IN MAGEST

5.1 Introduction to Semantic Facts and Rules

The semantic facts and.rules préserit in this chapter is the knowledge
base implemented in the Magest system. These facts and rules are based
on the methoclology of modellmg and simulation prov1ded by the Gest
'language Most of the rules are taken from Oren and Sheng (1988). In
addltlon to these facts and rules, there are over ten others which have been
.added to the system They are included in thlS chapter An example of a

fact is as follows: J

MS.1 FACT In a list of identifiers, .there must be no duplication of
names.

"~ A semantic fact describes the fact that it must always be applied in
modelling —specification. Each rule and fact has been classified by a
division code and number. The division code refers to its section. Table

5.1 below summarizes the divis.on codes:

Division Code Explanation
GG _ General facts and rules for guidances mode.
GC General facts and rules for certificaiion mode.
MS Facts and rules for static structure
specification in modelling, .
MD Facts and rules for dynamic structure
' specification in modelling.
MC Facts and rules for coupled model and multi-
rate model ‘specifications.

Table 5.1 Division codes of semantic facts and rules.
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An example of a rule is as follows:

GC.1 RULE IF ~ a user entry field is left blank,
THEN Magest expects the user to either delete
the line or provide additional information.

The IF part of the rule is known as the premise, which is a logical
combination of functions operating on facts. The THEN part of the rule is
known as the action, which is a sequence of functions with side effects
suc;h as -asserting a value for a fact or initiating a user interaction
(Symonds, 1986). If the modeller violategs these facts or rules, Magest
informs him/her by giving an error message. The modeller must make the
necessary' correction in order to continue working with his/her model.

Details of error messages are listed in appendix C.3.

The relationale of implémenting these r”acts“ and rules is to provide
built-in quality assurance to the inodel specification. This has been
discussed in section 1.2. Facts\and rules in the Magest system can be

applied in any advanced simulation modelling environment and are

preéented in the following categories:

s 1) General,
2) Static Structure of Models,
3) Dynamic Structure of Models, and
4) Coupling |
~In this thesis only the semantic facts and rules for model

specifications are implemented and documented. The semantic facts and

rules for the parameter and experimentation specifications are being

-

developed by Oren and Asikhan.!

1 Oren and Agikhan, (Personal Communication)
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5.2 Rutles and facts in general

In guidance mode:

GG.1 FACT A user entry field is allowed to be left blank.

In certification mode:

GC.1 RULE IF a user entry field is left blank,
THEN Magest expects the user to either delete the line or
provide additional information.
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5.3 Facts and Rules Relating to the Static Structure of Models

MS.1 FACT

MS.2 FACT

!

"'-—-.»')

MS.3 FACT
MS.4 FACT
MS.5 FACT
MS.6 FACT

MS.7 FACT

MS.8 FACT

MS.9 FACT
MS.10 FACT
MS.11 FACT

MS.12 FACT

MS.13 RULE.

In a list of identifiers, there must be no duplication of
names.

Between any two lists of identifiers, there must be no
duplication of names except for output variables which-may
be identical to state variables or auxilia:fy variables.

A continuous model requires at least one state variable.

A discrete model requires at least one state variable.

A memoryless model cannot have any state variables.

A memoryless model must have at least one input variable.

At least one output variable must be declared for any type
of model. '

A macro model must have at least one input variable.

Any auxiliary parameter necessitates the existence of at
least one parameter.

An auxiliary parameter must be specified in an arithmetic
statement.

An auxiliary parameter must be a function of at least one
parameter.

Any interpolated variable necessitates the existence of at
least one tabular function.

IF there is a tabular function which is not used in the
specification of an interpolated variable,

THEN MAGEST requires either its elimination or the
existence of an interpolated variable which refers to
it.

.
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MS.14 FACT A constant may be used before its declaration. However it .
has to be later declared in the block of constants.

MS.15 FACT A constant which appears on the right hand side of a
constant assignment must be specified previously.

MS.16 FACT For each variable or parameter, the "RangeOf" specification
may exist at most one.

MS.17 FACT A constant, auxiliary parameter, or interpolated variable
must be specified exactly once.
\

\.
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5.4 Rules and Facts Relating to the Dynamic Structure of Models

MD.1 RULE IF the static structure is not certified,
THEN one cannot work on the dynamic structure.

MD.2 FACT A continuous model has a derivative blé)(:%(.
MD.3 FACT A discrete model ﬁas a state transition block.
MD.4 FACT A memoryless model has an output block.
MD.5 ‘%ACT A macro model has an output block. |

MD.6 FACT All identifiers in a dynamic section must have been
declared in the static section of the same model.

MD.7 FACT In memorylesé model or in macro models input variables
must be used on the right-hand side of output functions.

MD.8 FACT In memoryless models or in macro models, input variables
may appear in condition specifications.

MD.9 FACT Input variables cannot be assigned values in the dynamic
section. '

‘MD.10 FACT In continuous models, an input variable must appear on the
~ rght-hand side of at least one derivative specification.

MD.11 FACT In discrete models, an input variable must appear on the
r)ﬁg@:};@}nd side of at least one state transition function.
MD.12 FACT In the output block or in the update block of a continuous -

model or a discrete model, an input variable may appéar
only in a condition specification.

MD.13 FACT In the derivative block, the derivative of every state
variable must be specified.

MD.14 RULE IF the derivative of a state variable is given in a high
order, ) .
THEN the lower order derivatives cannot be specified by
the user.



MD.15 FACT
\
MD.16 FACT

MD.17 RULE
MD.18 RULE

MD.18 FACT
MD.20 FACT
MD.21 FACT
MD.22 FACT

MD.23 FACT
MD.24 FACT

MD.25 FACT
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In the dynamic section of a continuous model, state
variables or their derivatives may appear on the right-hand
side of assignments or in conditions.

In the dynamic section of a discrete model, state variables
may appear on the right-hand side of assignments or in
conditions.

IF in a continuous model or a discrete model there is
at least one output variable distinct from state or
auxiliary variables, '

THEN there is an output function block.

IF an output block exists,

THEN each output varable distinct from state or auxiliary
variables must have one and only one output
function specification.

An auxiliary variable must be specified in, at most one
assignment statement in the derivative block or in the
output block.

An auxiliary variable cannot appear on the right-hand side
of the assignment statement where it is specified.

s
S

An aukiliary variable specified in the derivative or output
function block can appear on the right-hand side of an
assignment statement or in a condition of the same and
following blocks in the dynamic section.

Constants, parameters, and auxiliary parameters must be
used at least once in the dynamic section and/or in the
experiment specification

An interpolated variable must be used at least once in a
dynamic section.

A macro which appears in the "macros used" list must be
used at least once in a dynamic section.

In a continuous model, the derivative of a state variable
may appear on the right hand side and/or condition
specification of an output function and/or an update block.
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MD.26 FACT In the update block, only the values of state variables and
parameters can be reassigned. ’

MD.27 FACT The input of a macro model can be input, state, output,
constant, parameter, auxiliary parameter, auxiliary variable
and interpolation variable of the host compbnent model
from where the macro model is activated.

. MD.28 FACT The output of a macro model can be state, output and
aunxiliary variable of the host component model from where
the macro model is activated.

P s
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5.5 Rules and Facts Rélating to Coupling

MC.1
MC.2

MC.3

MC4

MC.5

MC.6

MC.7

MC.8

e

MC.9

FACT
FACT

FACT

FACT

RULE
RULE
RULE

RULE

RULE

-
7

An external input variable can be connected to one or more
internal input vanable(s)

An external output variable -can be connected to only one
internal output variable.

For each input/output connection in the internal couphng
specification, the component model which is ‘specified as
the source of input must be part of the coupled component’:
models.

For each input/output connection in the internal coupling
specification, the output variable which is specified as the
source of the input must appear in the list of the output
variables of the component model which is specified in the
coupling as the source of the input.

IF an input variable of a component model has been
connected in the external coupling specification,

THEN the input variable cannot appear in the internal
coupling specification.

IF a coupled model has no input variable declared in
the external variable specification,

THEN there is no external input block in the external .
coupling specification.

IF there is at least one component model with at least
one input variable which is not connected in the
external coupling specification,

THEN there exists internal coupling block.

IF there is one macro declared in a component model,
THEN the "MacroModels" block exists in the coupled
model or in the multi-rate model specification. |

IF a component model in a "ComponentModels"
specification has not been certified, ,

THEN one can not work beyond component model
specification.
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Ch'apter 6

ARCHITECTURE OF THE MAGEST SYSTEM

This chapter presents the architecture of the Magest system in a finite
state machine representation. The finite state machine representation of
the archites'ture of an advanced simulation environment is discussed in
Oren (1986a, b). The advantage of this representation is that it provides a
top-down representation of the system. It also provides a flexible way to
represent and modularize the architecture. Furthermore, a robust system is

realized by this method.

The overall system architecture of the Gest environment is given in
Figure 6.1. This figure reflects the architec-ture of the Gest Executive-
Main Menu. There are two grey restangle'boxes in this figure.. They
indicate the system which has been implemented in this thesis. The
detailed system architecture of the environment for single models, coupled

models and multi-rate models is shown in Figures 6.2-6.12.

Figure 6.2, 6.5 and 6.4 elaborate the system architecture of single
models, coupled models and multi-rate models respectively. Each box in
this type of afchitecture may cor;tain a detailed sub-architecture. If so, it
is elaborated on in the next Figure. For instance, Figure 6.5 is a

elaboration of a text editor, which is used in Figures 6.2, 6.3 and 6.4.

There is a grey rectangle box added in each of the Figures 6.6-6.11.

The architectures which are inside those boxes are elaborations from

previous figures.
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Chapter 7

IMPLEMENTATION ISSUES

7.1 Introduction to the Implementation of Magest -

The Magest system is implemented in the C language. It requires the
SunView windo\w environment of the Unix operating system. Magest uses
many window lecilities provided by the SunView window environment.
There are several SunView window functions and procedures called by the
Magest system. Proceglures and functions have also been developed for

window management purpose. .

The Magest source program is stored in seven files. The list o_i; files
and brief explanations are given in appendix A.2. The file called define.c
is for ;;Iobal. declaration uses. All of the constants, global variables and
global data structures are declared in this ﬁlé. The other six files are
called magest.c, pargestl.c, pargestl.c, senﬁgest.c, confirm_gest.c and
window_gest.c. Magest.c contains the main program. The parser of the
system is implemented in two parts, pargestl.c and pargest2.c. Semgest.c
performs lexical analysis and semantic checks as well as database
management functions. Confirm gest.c handles pop up windows for
confirmation use. Window_gest.c handles window management, message
display, and several other functions. The total number of lines within
these files is over fourteen thousand. Therefore, it is too long to list in
this thesis. Instead, the headings of procedures and functions and relevant
comments are copied from the original program listing. They are listed in

appendix B. In addition, Table B.1 depicts the details of the files which
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contain the procedures and functions. The appendix B, generated by a
software tool called proall, contains for each one of the six files the names
of the procedures and functions and Brief documentation for each one of

them. Detailed reading of appendix B can provide fu%thér ‘information

about the procedures and functions.

Figure 7.1.1 shows the internal structure of the Magest‘systém. This

diagram depictsl the basic control flow and data flow of the system.

An event as shown in Figure 7.1.1 is any input from the user. It can
be a keyboard input, a mouse movement, or a click of mouse’s button.

Events provide knowledge t¢ the system.

As soon as an event occurs, it is analyzed by the corrcspondfng
notification procedure. The notification proéedure is the highest-level
controller of events. If the event does not require additional‘proccdures to
generate the solution, the notification procedure can analyze the event and
directly ;ﬁrovide . solutions (Branch a). Otherwise, the notification
procedure passes the control to another lower level procedure. There are
two main possibilities. If model andlysis is required, branch b is followed.
Otherwise, branch c invokes either the walking menu functions or Mageét
I/O or Magest support windows. The notification procedures are also used

to determine the correct knowledge, and make necessary updates of the

knowledge-base.

Some user input (i.e. event from the point of view of the system)
requires further information from the user. For instance, opening another

window and/or giving addition information to update the knowledge-base
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4

might be needed. For example, the "Print” procedure requires updates to

the knowledge base about the print menu information, -iQhe operation has

been successfully performed.

The model analysis pro.edures are the main functions in the Magest
system. They contain different types of procedures and functions such as
procedures for lexical analysis, procedures for pérsing, procedures for
database management and procedures for system support. Entries into the
text editor window in guidance mode, "Certification”, "External Coupling”
and "Internal Coupling”" are examples of user input which require model

analysis. They both require syntactic and semantic checks.

]
A solution is provided after the execution of necessary procedures and
functions. The solution may be a dynamic template in the text editor
window, a change of certification status in the system’s control panel, a

change of windows, or a message. The solution may also be displayed in_

a pop up window.
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7.2 Knowledge Representation in Magesf |

* There are two types. of knowledge used in Magest for assisting the
modeller. The first type of knowledge is based on the methodology of the
" Gest language and consists of syntactic and semantic fécts and rules. The
second ltype of knowledge that Magest uses is the incremental knowledge
obtained from the modeller. Any user knowledge is scmtiniied by Magest |

before being accepted. : \

The lexical analyzer is stored in the file called semgest.c. The parser

is stored in the files called pargest!.c and pargest2.c.

The lexical analyzer separates the Gest model into tokens, and
‘supplies tokens to the syntax analyzer. Then the syntax analyzer takes the
tokens and determine the correctness of the syntax. The syntax analyzer is
a recursive-decent parser (Tremblay, Sorenson, 1985). The reasons for

choosing the recursive-decent parsing technique are based on the following

advantages:

1) Direct control from Magest - As shown in semantic rule GG.1 in
chapter 5, during the guidance mode some of the syntax may be left
incomplete by the modeller, in order to continue further specification
of a model. With a recursive decent parser, Magest can directly

control the parsing of an unfinished specification.

2) [Ease of maintenance - If there are any modifications in the Gest
language definition, we can modify the parsing rules easily without
affecting otherrules already implemented in other parts of the parser.

3) Effective communication with the semantic analyzer - During the

syntactic analysis phase, a recursive decent parser can transfer control
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" to a particular section of the semantic analyzer. Therefore, part of the

semantic checks can be done as soon as the syntactic checks are

finished.

The se%ntic rules are transformed into several semantic procedures
and tables. A semantic procedure consists of some if-then-else and case

statements to be applied under different semantic rule conditions. . -

Two tables, i.e-.-, semanticl item and semantic2_item, have special
functions: Semanticl item is a predefined table to verify whether a
particular identifier is allowed to be specified in a particular structure or
not. Semantic2_item is a small table to hold semantic attributes of a

model and is updated based on the incremental knowledge received from

the user.

Another table, i.e., the symbol table, also holds incremental
knowledge received from the user. It _is very useful for syntactic' and

semantic checks.. Each item in the symbol table has the following

attributes:

Name Memory size Explanation

name 9 words Identifier name.

str 1 word Nature, i.e. model type, input, state, etc.
For example: 260 is continuous model.  *

type 1 word Type of variable, i.e. integer, real, etc.

ref 1 word The last position of the identifier.

rel used 1 word The identifier used in a particular semantic
situation.

used 1 word The identifier used in general.

dimension | 1 word A dimension variable or not.

Table 7.1 Description of an item in symbol table.
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The identifier name is the primary key in the symbol table.

The rel used is incremented by onme when a particular situation
happens. It is used to associate the name with a semantic rule. For
example, the semantic rule MD.14 from chaptx,r 5 would be implemented

by the following algorlthm

if the derivative of a state variable appears at the left hand_side of
the derivative block

then | if the rel used for this state variable is equal to zero
(i.e., the derivative of this state variable has not been
S specified.)

then | increment rel used by one

else | Magest informs the uger that the derivative of
the state variable had already been specified
in the derivative se¢tion

(message #157, see appendix C)

end if /
/

/

- Figure 7.2.1 Algor'ithrn to implement semantic rule MD.14 of chapter 5.

end if

Before entering a dynamic structure (including different dynamic

structures of a multi-model) the attribute rel used is cleared to zero.
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7.3 Window Structure and Management

Figure 7.3.1 shows the hierarchical representation of the main window
structurg. in Magest. Each frame in the window structure is the base of a
window. The Magest frame is the base frame (Sun-Microsystems, 1986b).
All of the other frames are subframes of the Magest frame. Table 7.2

below describes each of the subframes:

Name of subframe Explanation

Main frame The main menu - Gest executive.

Model frame The environment of single models, coupled
models and multi-rate mode!s.

Gmf frame The pop up window for a single model

~ | environment entry.
| Tty frame The ShellTool.

Symbol table frame The symbol table subwindow.

Reference and help frame | The reference file subwindow and help
subwindow.

Table 7.2 Subframe of Magest frame. N

\

Each frame may contain more than one subwindow. The majL frame
contains the main canvas and the main panel (see Figure 313). The
model frame contains the model text subwindow, the model message text
subwindow and the model panel (see Figure 3.2.2, 3.24, 3.2.6). The gmf
frame contains the gmf panel (see Figure 3.2.1). The gmf pe‘mel is the
same size as the gmf frame. The tty frame contains the tty»subwindow

(see Figur?: 3.5.5). The tty subwindow is the same size as the tty frame.
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The symbol table .frame contains the symbol tablé text subwindow (see
Figure 3.5.8). The symbol table text subwindow is the same size as the
symbol table frame:'\ ’I‘Be reference file and help frame contain the
reference file zfnd help text subwindows (see Figure 3.3.‘3, 3.5.7). They

are also the same size as their frames.

Due to the limitation of the window facilities in the Sun workstation,
as explained in section 3.3.3, the reference file subwindow is shared with
the help subwindow. Therefore, when this subwindow appears; the help
subwindow disappears. Similarly when the.help subwindow appears, the

reference file subwindow disappears.

The management of these windows include operations to open,
destroy, resize, redisplay, position and manage the content. The above

window management is done in files called magest.c and window gest.c.

As shown in Figure 7.3.2 there are three pop up windows, i.e., the
confirm panel, the print panel and the get file panel which are supported
by cormresponding frames, i.e., the confirm frame, the print frame and the
get file frame, respectively. These frames are also had their own base

frames and are supported by SunView.
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Subframes: Subwindows:

Confirm frame F——® Confirm panel
g W

e

Print frame —»{  Print panel

Get filename > Get filename
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Figure 7.3.2 Structure of pop up windows.

The window management of these windows is done in a file called

confirm_gest.c.

2
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7.4 Limitations of Magest -

Table 7.3 describes the values of the parameters used in Magest. They
are assigned in the file called define.c. Most of the parameter values are
arbitrary and can easily be modified in the file define.c. Once this is done,
all one has to do is to recompile define.c and link edit it with the other
object files which are magest.c pargestl.c, pargest2.c, semgesi.c,

confirm_gest.c and window_gest.c.

Furthermore, the diffential equations can not be expressed in matrix-
vector form. They have to be specified by an assignment statement where

the left-hand side consists of the highest derivative of a state variable.
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L

Constant name Limitation - Explanation
Max_Real Pos Exponent | 307 Maximum positive exponent power
* in real number.
Max_Real Neg Exponent | 319 Maximum negative exponent power

in real number.

Max_RangeOf Insert

2000 characters

Maximum length of RangeOf insert
lines.

Max_Buf Length

231072 bytes

Maximum length of a Gest model.

Max_Token List

70000

Maximum tokens for a Gest model.

Max_Identifier

7000

Maximum number of user specified
identifiers for a coupled model.
(including all the identifiers of all the
component models)

Max_Id Length

36 characters

Maximum length of an user specified
identifier.

Max_Temp_Storage 400 Maximum number of user specified
identifiers for a model.
Max_Symbol_Table 40 Maximum number of component

models (plus one) In a coupled
model.

Max_Filename _Length

70 characters

Maximum length of a filename.

Max_Path Length

100 characters

Maximum Iength of a directory.

Max Line Length

100 characters

Maximum length of a line in a text
editor window.

Table 7.3 Constant limit of Magest.

* This limitation of the C language is checked within Magest at

specification time.
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Chapter 8

CORCLUSIONS AND FURTHER RESEARCH

In this thesis, an expert system for simulation ‘'modelling has been
designed, implemented and discussed. It provides a knowledge-based
modelling environment where methodological and user-provided
knowledge are used by the system. The methodological knowledge
includes the knowledge of the modelling methodology of the Gest
language. User-given knowledge accepted by the system is also added
incrementally to the usable knowledge of the modelling environment. This

user-given knowledge is dynamically updated if the Magest system detects

an inconsistency.
%

The Magest system has basically 3 modes, of operation:

1) The guidance mode - In this mode, Magest guides the user in
specifying a model. In this mode, Magest provides dynamic
templates to the user to be filled-in. The templates are also
dynamically tailored according to the user-given knowledge. In
this mode, Magest performs syntactic and semantic checks
before it accepts knowledge from the user. When an error is
found, message appears in the message window indicating the
error and possible corrections. The cursor of the text editor
window is placed by Magest to the appropriatéL location to

indicate a probable error. .

2) ‘The certification mode - The Magest system performs
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complete syntactic and semantic checks: Furthermore semantic
facts and rules are used to assure built-in quality assurance of
the model specification. Each component model is certified
separately. First the static structure is checked and certified
then the dynamic structure is checked for certification. Once
all the component models are certified, the Magest system can
certify the coupling; i.e., input/output interface of component

models between themselves and between the environment.

3) The editor mode - In this mode user can freely edit a Gest
model without having any check performed. However,
afterwards the model should be submitted for certification for

possible detection of errors by Magest.

A number of system functions in Magest are presented. They include:
the waIki.ng menu functions, the reference file function, the reserved word
function, the symbol table function, the shelltool function, the magest i/o
functions, the insert type of model functions and the prepare coupling
functions. The system functions provide a full support to the user in the

modelling environment.

The architecture of the system is conceived as a finite state machine in
chapter six. The advantage of this representation is that it provides a top-
down representation of the system architecture. It also provides a flexible
way to represent and modularize the architecture. Moreover, a robust

system 1s realized by this method.

The design and implementation method of the Magest system is
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presented in chapter seven. It describes how the transformation of the

knowledge base into a data structures, window structures and program.

codes.

I recommend a number of areas for further study:

1)

2

3)

4)

5)

Graphic coupling - A graphical editor for coupling is suggested
for the future. The modeller can use the mouse to indicate the
external and internal coupling on a graphical editor. The system
can | provide coupling specification from the graphical input.

Fuﬁhermo'ré, nested coupling ability can also be provided.

The system has to be completed by adding features to specify
experimentations, parameters, and execution of simulation studies.
The implementation of a translator is necessary to complete the

System.

Semantic facts and rules - More semantic facts and rules can be
added to the knowledge-base of the system models,

experimentations, parameters as well as execution of simulation

studies.

Statistics on error messages given to the user can be collected. -
From the analysis of the statistics, we can find out how these could
be avoided By improving the system, the Gest definition, and
semantic facts and rules.

List of identifier for coupled and multi-rate models - The idea is

to generate for coupled models and for multi-rate models, a

- combined list of identifiers used in all the component models.
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After finishing the impiementation of the Gest environment, a next
step is to include domain specific knowledge in the knowledge-
base of such a system. In this case, one may have specific
knowledge such as ecological knowledge, or engineering domain-

specific knowledge embedded in the knowledge base of the system.
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Appendix A
FILES OF THE GEST ENVIRONMENT

There are different classes of files related ‘to the design and
implementation of this thesis: the object file of Gest, the implementation
files, the documentation files, template files and help files.

A.1 Object File of the Gest Environment

File Name Explanation

gest Executable file of Gest Environment and Magest.

Table A.1 Object file of the Gest Environment.
(Contains the compiled versions of the files listed in A.2.)

A.2 Implementation Files

File Name Explanation
define.c System global variables declaration.
magest.c Contains the main program. It administers
the whole Gest Environment and Magest
pargestl.c First part of parser.
pargest2.c Second part of parser.
semgesi.c The modules in this file perform different

functions of data base management, lexical
analysis and semantic checks.

confirm_gest.c The modules in this file are responsible for
three pop-up windows for confirmation use.
window_gest.c The file contains most of the window

management modules and miscellaneous
functions, including "message” file.

Table A.2 Implementation files of the Magest system.
(Details of procedure are in Appendix B.)
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A.3 Documentation Tool

File Name Explanation
proall An exec file to use the prodoc for all the
procedure files given in table A2,
prodoc An executable file, to print out names and

associated documentations of all procedures
and functions given in a file.

prodoc.c The source program of prodoc. It is written
in C.

Table A.3 Documentation tools of magest system.

A.4 Template Files
Under directory template

File Name Explanation
continuous.temp Template for the Continuous model
continuous_multi.temp Template for the Continuous multi-model
discrete.temp Template for the Discrete model
discrete_multi.temp Template for the Discrete multi-model
memoryless.temp Template for the Memoryless model
memoryless_multitemp | Template for the Memoryless multi-model
macro.temp Template for the Macro model

L coupled.temp _ Template for the Coupled model
multirate.temp Template for the Multirate model

Table A.4 Template files of the Magest system.
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File Name

Explanation

background.man

Background help manual

continuous.man

Continuous model help manual

continuous_multi.man

Continuous multi-model help manual

discrete.man

Discrete model help manual

discrete_multi.man

Discrete multi-model help manual

memoryless.man

Memoryless model help manual

memoryless multiman

- Memoryless multi-model help manual

macro.man

Macro model help manual

coupled.man

Coupled model help manual

multirate.man

Multirate model help manual

parameter.man

Parameter specification help manual

experiment.man

Experiment specification help manual

run.man

Run help manual c

output_module.man

Output module help manual

program.man

Program help manual

Table A.5 Help files of the Magest system.
(Only part of continuous.man is provided in this
current implementation to provide an example of such

a document. )
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PROCEDURES AND FUNCTIONS IN MAGEST

The procedures and functions listed in this appendix are stored in six

files. They are:
Name Number Number Number Description
of modules | of lines | of Kbytes p
magest.c 37 2878 84 Contains a main program, The
‘ modules in this file administer
the whole Gest Environment
and Magest.
pargestl.c 96 5210 134 The combination of these two
pargest2.c - files is the parser-of Magest.
semgest.c 27 2364 72 The modules in this file
perform different functions of
data base management, lexical
analysis and semantic clfecks.
confirm_gest.c 10 551 16 The modules in this file are
responsible for three pop-up
windows for confirmation use.
window_gest.c 41 2366 85 The file contains most of the
window manageient modules
and miscellaneous functions,
including "messages".
Total 211 13369 390

Table B.1 Magest source files and details.

The following lists of procedures and functions is copied from the -

original program listing. They are generated by a software tool called
proall, which reads the original program’ listings and prints out the names

and relevant comments of all procedures and functions.
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Filename: magest.c

(1)
{ 2)
( 3)
{ 4)
{ 3)

" { 6)

(10)

(11;

(12)

(13)
(14)

(15}

w_pr_init main_frame

~ /* Window initialization procedure for main_frame

w_pr_write_header :
/* To write header on canvas

n_pr_s_model _main
/* Activated by "Single Model" button in main_panel

n_pr_c_model main . -
/% Activated by "Coupled Model" button in main_panel

n_pr_m model main
/% Activated by "Multi-Rate Model™ button in main_panel

n_pr parameter_main
/* Rctivated by "Parameter" button in main_panel
/* - will be implemented as the 2nd phase of Magest -

n_pr_experiment_main -
/* Activated by "Experiment" button in main_panel
/* - will be implemented as the 2nd phase of Magest -

n_pr_run_main
/* Activated by "Run Control" button in main_panel
/* - will be implemented as the 2nd phase of Magest -

n_pr_ountput_main
' 7% Activated by "Output Module" button in main_panel
/* - will be implemented as the 2nd phase of Magest -

n_pr_program _main
/* Activated by "Gest Program" button in main_panel
/* - will be implemented as the 2nd phase of Magest -

n_pr_transi.te_main
/% Aetivated by "Translate" button in main panel
/* - will be implemented as the 2nd phase of Magest -

n_pr_simulation main
/% BActivated by "Simulation™ button in main_panel
/* - will be implemented as the 2nd phase of Magest -

n_pr_quit_main
/* Activated by "Quit" button in main_panel

w_pr_init_sm

/% Window initialization procedure for Single Model Mode

n_pr_save_m
/* Bctivated by "Save" button in m_panel

*/

*/

*/

*/

*/

*/

*/
*/

*/
»/

*/

*/
*/

*/
*/

*/
*/

*/

*/

*/
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(16) n_pr print m :

/* Activated by "Print™ button in m panel */
(17} n_pr_clear. m : )
’ /* Activated by "Clear" button in m_panel */

(18) n_pr_quit m
/* Activated by "Return"™ button in m panel */

(19) n_pr_ load m
/* Activated by "Load" button in m panel */

(20) pr_cert_erxor
/* Procedure to check whether the beginning and ending token */

/* were found in the file._.If not, it is not possible to */
/* certify the model, and give error message. */
/* Input : certify_ structure, token_number b, token_number e, */
/* Output: TRUE/FALSE, */
(21) n_pr_ss_cert_sm
/* Activated by "Static Structure" button in m_panel */
(22} n_pr ds_ cert sm
’ /* Activated by "Dynamic Structure" button in m_panel */
(23) n_pr_wm cert_sm
: /* Activated by "Whole Model" button in m panel in single */
/* model mode */
(24) n_pr osu :
- /* Activated by Options menu */
(25) w_pr_init_gmf_frame
/* Window initialization procedure for gmf frame */
/* ( Get model filename ) : */
{26} n_pr_ok_ gmf .
/* Activated by "OK" button in gmf panel */
(27) n_pr_ cancel_gmf
/* RActivated by "CANCEL" button in gmf panel */
(28) n_pr sm_textsw
/* Notification procedure for accepting input text from */
/* single model text window */

(29) pr_ret_ss_sm

/* procedure to process information when user hit return */

/* key in single model text window */
(30) w_pr_init _cm ~2

/* Window initialization procedure for Coupled Model Mode */

(31) n_pr keyword m
/* Notification procedure for inserting keywords into text, */



(32)

{33)

(34)

(35)

(38)

(37)
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n_pr_cm _textsw

/* Notification procedure for accepting input text from
+/* Coupled Model text window

pr_rét_ss_cm -
/* procedure to process informateion when user hit retuxn
/* key in coupled model text window

w_pr_init_mm
' /* Window initialization procedure for Multi-Rate Model
/* Mode

pr_autosave

/* Procedure for automatic saving file \\\;///

d pr_init_all variables
/* procedure for initialization of all variables

d pr_init_sys_variables ‘
/* procedure for initialization of system variables

*/
*/

*/
*/

*/
*/

*/

*/

*/



Filename:

pargestl.c

(1)

(10)

(11)

(12)

{13)

(14)

(13}

d_pr_init_parser_ variables
/* Data procedure for initializating variables each
/* time before entering parser

p_pr_get_token
/* Parser procedure for getting token from token list.

p_pr_eol_ before
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- /* Parser procedure to search whether a EndOfLine char is

/* between the last token and the present token

/* Input

p_pr_first unmatch

/* Parser
/* by the

p_pr_nonterm unmatch

/* Parser

token_ index,
/* Qutput: eol position,

- the present token index
found_eol before

*/
*/

*/

*/
*/
*/
*/

procedure 1 for reinitializing token and next token*/
given start_token

procedure

/* variables.

p_pr_nonterm sem unmatch

p_pr_rela_

pP_pr_inte

p_pr real

/* Parser

procedure

/* variables.

oper.
/* Parser

/* Parser

/* Parser

P_pr_mode_iden

/* Parser

P_pr_macr_iden

/* Parser

p_pr_func_name

p_pr_iden

p_pr_vari

p_pr_scal

/* Parser

/* Parser

/* Parser

vari
/* Parser

procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure

procedure

R
2 £

;7 putting error information into
/

2 fgi‘put ing drror information into

of

of

of

of

of

of

of

of

of

—

RelationalOperator
integer‘

Real
ModelIdentifier
MacroIdentifier
FunctionName
Identification

Variable

ScalarVariable

- i’

*/

*/
*/

*/.
*/
w/
*/
*/
*/
*/
*/
*/
*/

*/



(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25}
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)

(34)

p_pr_cons

/* Parser

p_pr_subs_vari

" /* Parser

p_px_deri_ vari

/* Parser

p_pr_dime_ vari

/* Parser

p _pr_rand vari

p_pr_dist_

/* Parser

name
/* Parser

P_pr_list scal vari

/* Parser

procedure

procedure

procedure

procedure

procedure

procedure

procedure

p_pr_ list_scal dime vari

/* Parser

procedure

p_pr_list_ scal_subs vari

p_pr_list_

p_pr_arit

pP_pr_term

p_pr_fact

p_pr_func_

p_pr_ libr

p_pr_bool

P_pr_bool

p_pr_bool_

p_pr_bool_

/* Parser

arit_expr
/* Parser

expr
/* Parser

/* Parser.

/* Parser

refe
/* Parser

func_name
/* Parser

expr
/* Parser

term
/* Parser

fact
/* Parser

coas
/* Parser

-

procedure
procedure
procedure
procedure
procedure
procedure
procedure
proceduré
procedure
procedure

procedure

of

of

of

of

of

of

of
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Constant
Subscriptedvariable
DérivativeVariable
DimensionedVariable
RandomVariable
DistributionName
ListOfScalarVariable

ListQOfScalarCrDimensionedvVariable

oifListOfScalarOrSubscriptedVariable
3

of

of

of

of

of

of

of

of

of

of

ListOfArithmeticExpression
ArithmeticExpression

Term

Factor

FunctionReference
LibraryFunctionName
BooleanExpression
BooleénTerm

BooleénFactor

BooleanConstant

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*x/
*/
*/
*x/
*/
*/
*/

*/



(35)
(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)
(47)
(48)
(49)
(50)

(31)

P_pr_bool vari
/* Parser

p_pr_time_expr
/* Parser

p_pr_upda_cond
/* Parser

A

p_pr_stat .
/* Parser

p_px_assi_stat
/* Parser

p_pr_if stat
/* Parser

p_pr_case stat
/* Parser

p_pr_for_stat
/* Parser

p_pr for clau
/* Parser

pP_pr_whil stat
/* Parser

p_pr_macr_refe
/* Parser

p_pr_read stat
/* Parser

p_pr_file_namc
/* Parser

p_pr_cont mode
/* Parser

procedure

procedure

procedure

procedure

procedure

procedure

procedure

procedure

procedure

procedure

procedure

procedure

procedure

procedure

P_pr_stat_stru_cont_mode

/* Parser

procedure

p_pr_dyna_stru_cont_mode

/* Parser

p_pr_outp func’

procedure

of

of

of

of

of

of

of

of

of

of

of

of

of

of

/* Parser procedure of
/* A sub-BNF definition from p_pr_dyna stru_cont mode,
/* p_pr_dyna_stru_disc_mode, P_pr_dyna_stru memo_mode
/* and p_pr_dyna_stru_macr_mode
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BooleanVariable

TimeExpression

Updatecbndition

Statement

AssigpmentStatement

IfStatement

CaseStatement

ForStatement

ForClause

WhileStatement

MacroReference

ReadStatement

FileName

ContinuousModel
StatieStructureOfContinucusModel
DynamicStructureQfContinuousModel

OutputFunction

*/
*/
*/
*/ '
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/

*/
*/
*/
*/



(52) p pr upda

/* Parser procedure

(83) p_pr_diéc_mode

/* Parser procedure

(54) p_pr_stat_stru disc_mode

/* Parser procedure

(55) p_pr_dyna stru_disc mode

/* Parser procedure
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of Update
of DiscreteModel
of StatieStructureOfDiscreteModel

of DynamicStructureOfDiscreteModel

*/
*/

*/

S



Filename: pargest2.c

(1

( 2)

( 3)

( 4)

( 3)

( 6)

¢ 7

( 8}

(9

{10)

(11)

(12)

(13)

(14}

(15)

p_pr_memo_mode
/* Parser procedure

p_pPr_stat_stru_memo_mode
/* Parser procedure

p_pr_dyna_stru_memo_mode
/* Parser procedure

p_pr_contﬂpult_mode
/* Parser procedure

p_pr_disc_mult mode
/* Parser procedure

p_pr_memo mult mode
/* Parser procedure

p_pr_mode_ sele
/* Parser procedure

pP_Pr_macr_mode
/* Parser procedure

p_pr_stat_macr_mode
/* Parser procedure

p_pr_dyna_stru macr_mode
/* Parser procedure

P_pr_coup multirate_mode
/* Parser procedure

p_pr_cert_all comp_mocde
/* Parser procedure
/* coupled model.

p_pr_exte vari
/* Parser procedure

p_pr_comp_mode
/* Parser procedure

p_pr_list comp_ mode
/* Parser procedure

(16r—p.pr macr_mode coup mode

(17)

/* Parser procedure

p_pr type_comp mode
/* Parser procedure

P

of

of

of

of

A

of
of
of
of
of
of
of

to

of
of
of
of

of
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MoemorylessModel
StaticStructureOfMemerylessModel
DynamicStructureOfMemorylessModel
ContinucusMultiModel
biscreteMultiModel
MemorylessMultiModel
ModelSelection

MacroModél
StaticStructureQfMacroModel
DynamicStructureOfMacroModel
Coupled ahd Multi-rate Moael

certify all component models in

ExternalVariables
ComponentModel
ListOfComponentModel
MacroModelInCoupledModel

TypeOfComponentModel

*/

*/
*/
*/
*/
*/
*/
*/
*/

*/
*/

*/
*/
*/
*/

*/



(18)

{19}

(20}

(21)

(22)

- (23)

(24)

(25)

(26)

(z27)

{(28)

{29)

(30)

(31)

(32)

(33)

(34)

{35)

FP_Ppxr_exte_coup c )
/* Parser procedure

p_pr_inte coup
/* Parser procedure

P_pr_mode iden_coup_mode
/* Parser procedure

P_Ppr_inpu vari

¢ /* Parser procedure

p_pr_outp vari
/* Parser procedure

fn_get_symbol_ id

of

of

of

of

of

Page 142

ExternalCoupling
InternalCoupling

ModelXIdentifierOfCoupledModel
InputVariable

QutputVariable

/* Function to return the symbol table number of a given

/* model name

P_pr_type
/* Parser procedure

P_pr_inpu_decl
/* Parser procedure

p_pr_stat_decl
/* Parser procedure

p_pr_outp_decl . .
/* Parser procedure

p_pr_decl othe mode desc
/* Parser procedure

p_pr_auxi vari decl
/* Parser procedure

p_pr_cons decl
/* Parser procedure

p_pr_cons_assi
/* Parser procedure

P_pr_para_decl

/* Parser procedure
@

p_pr_auxi_ para_decl
/* Parser procedure

p_pr_auxi_para_comp
} /* Parser procedure

p_pr_tabu_func_decl
/* quser procedure

of
of
of
of
of
of
of
of
of
of
of

of

Type

InputDeclaration
StateDeclaration
OutputbDeclaration
DeclarationOfOtherMedelDescriptors
Auxilia;yVariableDeclaration
ConstantDeclaration
ConstantAssignment
ParameterDeclaration
AuxiliaryfarameterDeclaration
AuxiliaryParameterComputation

TabularFunctionDeclaration

*/

*/

*/

*f

*/

*/
*/

*/

*/

*/

*/

*/

*/

*/

*/

*/

*/

*/

*/



(36)

(37)

(38)

{39)

(40)

(41}

p_prr_inte wvari decl
/* Parser

p_pr_macr_used
/* Parser

p_pr_list _macr_iden
/* Parser

p_pr_rang decl
/* Parser

p_pr_rang_ limi
/* Parser

p_prx_parser
/* Parser

/%
/* Input

/* Output:
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procedure‘of InterpolatedVariableDeclaration */

procedure of MacrosUsed . */

procedure of ListOfMacroIdentifier */
procedure of RangeDeclaration */
procedure of RaﬁgeLimit */
procedure of parser | :/
: magest_mode, model mode *ﬁ

code */



Filename: Ssemgest.c

( 1}

( 6)

(7

{ 8)

d_pr_init_id_table
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/* Data structure procedure for initialization of all

d pr_init_temp_table -
. /* Data structure procedure for
/* symbol tables in Magest

pr_insert2_message

/* symbol tables in Magest

/* Procedure of inserting error message 1

pr_insert_message

4

/% Procedure of inserting error messages 2

p_pr_in_sem_details

/* Parser procedure of initialization semantic checks
/* variables

d_fn_insert_macro

/* Data procedure used in Coupled & Multi-Rage Model for

),

initialization of temporaxy

*/
*/

*/
*/

*/

-k/-

*/
*/

*/

/* inserting macro model name into give temp~table. Therefore*/

/* it would be sorted in alp.

/* name wouldn’t be inserted again.

d_fn_pr_table_ insert

le tnsert e S

/* Data flowing function and proced

/* into symbol table

/*

/* Input
/*

/ %

/*

/*

/* Output:
/*

/*

/%

temp_table_index, token_index, str_insert,
type insert, Max_Temp_Storage,
token_list[].column_b,‘token_list[].column_e
in_buffer, temp_table[temp_table_index]

temp table[temp_table_index], if inserted
code = 0 , if insert failed
' 1 , if insert succeeded

/* Searching technique : Binary search

/* ________________________________________________________

d fn_table_search

/* Data flowing function and procedure to search whether
/* an identifier has been existed in a given symbol table

/

/* Input
/* Output:
/'k

table, index_ b, index_e, string, length
index, str -—= if found ~--

/% Searching technique : Binary search

ure to insert identifier

order and repeated macro model */

*/

*/
*/
*/
*/
*/
*/
*/
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»

{ 9) d fn_table_str_search .

/* Data flowing function and procedure to search whether */
/* an structure has been existed in a given symbol table */
o
/% */
/* Input : table, index_b, index e, stx */
/* Output: index -— 1f found -~ */
/* */
(10) d_pr_table transfer

/* Data flowing procedure to transfer data from */
/* temp_table[temp_table_index] to id_table{id_table_index) */
/* */

/* Input : temp_table, temp_ table index, id_table index */
/* Output : id_table, element, code ‘ */

(11) 1 fn pr_get_char
& /* Lexical function and procedure to return a character from */
/* in buffer x/

(12) 1_fn_is_alp num )
/* Lexical ‘function to check whether the given character is */
/* alphanumeric or not. */

(13) 1_fn_is_cap_alp .
/* Lexical function to check whether the given character is */
/* alphabetical. */

(14) 1 _fn_is_text
f /* Lexical function to check whether the given character is */
/* correct input text - x/

(15) 1_pr_number

/* Lexical procedure to tokenize number */
/% */
/* Input : in buffer(]}, p _word_c, ¢ */
/* Qutput : int_value */
/* real value */
/* code = 0 , error has found */
/* 454 , unsigned integer */
/* 453 , unsign real L%
(16) 1 _pr lexical
/* Procedure to give the token number of a given word. */
/* */
/* Input : in buffer, buffer length */
/* Output : token_number, token_list(token_length].column_b, */
/* code */

/* Global auxiliary variable: c */



(17) l_pr is_it_double_ sign

(18)

{19)

{20)

(21)

(22)

(23)

(24)

{25)

(26)

(27)

/*
/*
/*
/*

/*

/-k
/-k
/*
/*
/*
/%
/-k
/*

1_pr_tokenize
/*

v /*

/*

/*

/*

/*

/*

/*

p_fn_sem stat_

p_fn_sem _dyna

p_fn_sem syn

p_fn_sem_lhs
p_fn sem rhs

p_fn_sem cond

p_£fn_sem_details

p_fn_sem coupled io

p_pr_sem coupled ma

Lexical procedure to check if the token number is */
a double sign, then it might be one of the following sign */
1) Not equal sign */
2) Smaller than and equal sign */
3) Greater than and equal sign */
4) Equal sign Y
5) Period sign */
6) Multiple sign */
7} Power sign */
8) ExternalCouplingSign */
9) InternalCouplingSign _ */
10) Format code: I_ A_ L E_F_X_ B_ */
This procedure is called from 1_pr_tokenize() only. */
Lexical procedure for tokenize a string */
*/
Input : magest mode, in_buffex, buffer_ length, */
token number_), token number_e */
Output: token_list, token_ length, error_ pos, code, */
token_b, token_ e */ .
Global auxiliary variable: p_woxrd b, p_word_c, */
: token_number, c */
stru
/* Parser procedure of performing semantic check £for when */
/* Static Structure is finished */
s5tru
/* Parser procedure of performing semantic check for when */
/* Dynamic Structure is finished */
/* Parser function to check whether the variable should be */
/* an subscripted variable */
/* Parser function to check Left Hand Side of semantics */
/* Parser function to check right hand side of semantics */
/* Parser function to check condition statement of semantics */
/* Parser function to check semantic details */
/* Parser function to check semantic details for input and */
/* output variable of coupled model */
/* Parser procedure to check the existence of Macro Model */

/* in coupled model
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*/
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Filename: window_gest.c

(1)

{ 9)
(10)
(11}

(12)

(13)

(14)

(15}

w_pr_init_tty_ frame
/* Window initialization procedure for tty frame
/* ( ShellTool subwindow )

n_pr_tty .
/* Activated.by "ShellTool" button
w_pr_init_sym frame B
/* Window initialization procedure for sym frame

n_pr_sym
/* Activated by "Symbol Table" button

w_pr_init_res_frame
' /* Window initialization procedure for res frame

n_px_done_res
/* Activated by Done in frame menu of res_ frame

n_pr_xre s.{
/* Activated by "Reserved Words" button

w_pr_init_ref frame
/* Window initialization procedure for ref frame

n_pr_done_ ref
/* BActivated by Done in frame menu of ref_ frame

n pr print_ref
/* Activated by Print in frame menu of ref frame

\
n_pr_ref

/* Activated by "Reference File" button

w_pr_put_ref file
/* Put an reference on the reference window
/* Input : ref.directory, ref.filename
/* Output: on reference frame, ref label

n_pr_help :
/* Activated by "Help" button MAGEST
/* -~ not complete yet --

w_pr_display help
/* Window procedure for displaying help file on ref frame

fn_stat_file : B
/* Procedure to check is the given existed.

/* Input : filename

/* Qutput: 0, file is not exist.

ST

*/
*/

*/
*/
*/
*/
.,
*/
*/
*/
*/
*/

*/
C*/
*/

*/
*/

*/
*/
*/
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(16) w_pr_out message
/* Window procedure for outputting message on message window */

{(17) w_pr clear text

" /* Window procedure for clearing a given text ‘subwindow */

/* Input :; textsw, directory, filename A */

/* Output: a integer, 0 - Cancel operation : */
{18) w_pr_cursor_ position

/* Window procedure for putting the cursor position on */

/* text window */

(18) w_pr_cursoxr_ecol

7/* Window procedure to move cursor to end of line of a text ¥/
/* in sunwindow. */

{20} pr_count_blank

/* Procedure to count copy the leading blank from the given */
/* line to the blank_line. If there are no leading blank in */
/* the given line, the blank line will contain just a single */

/* !\nr */
/* Input: given_line */
/* Output: blank line, */
(21) w_pr_next position
/* Window function for searching the next cursor position */
/* and insert it into text-subwindow */
(22) w_pr_init_ rangeof_ insert
/* Window procedure for initialization of Range Of and T/
/* assignment statement insertion string / */
{23) w_pr_rangecof_ concat
/* Window procedure for concatating RangeOf line to */
/* rangeof.line */

{24) px_fit string
/* Procedure to fit the given string to the given length by’ */

/* adding more blanks or truncate it. */
{25) d_pr_get_s%ructure type

/* Data procedure to get the character string for a given */

/* structure type . */
(26) pr_add_filetype

/* Procedure to add filetype to the filename */
{(27) w_£fn subwindow_menu

/* Window function for removing frame menu in text window */
(28} w_fn_frame menu

/* Window function for removing frame menu in frame */
{29) w_fn text menu °

/* Window function for removing text menu in text window */



{30}

(31)

(32)

(33)

{34)

(35)

(36)

(37}

(38)

{39}

(40)

(41)

Page 149

n_pr_insert_str m
/* Activated by the walking menu in text subwindow of
/* single model mode.

n_pr_insert_sel rep
/* Activated by the walking menu in text subwindow of
/* single model mode.

n_pr_insert_line .
- /* Activated by "Insert Line™ menu in text subwindow

fn_position_of m
/* Function to give the order position of a given value.

W_pr_get_line
/* Window procedure to retrieve the content of a line in
/* textsw, and return the begin and end position of line.

w_pr_update panel
/* Window procedure to update the certification status

n_pr ext_coupling
/* BActivated by "ExternalCoupling" button in m_panel
- .
fn_get_all macro_name
/* Function for coupled and multi-rate model, to read and
/* insert all macro model name into temp-table 1

fn_check_cp_inputs_exist .
/* Function for coupled model to check whethex any external
/* input variable in coupled model exists

n_pr_int_coupling
/* Activated by "InternalCoupling” button in m panel

fn_check_co_input_exists
/* Function for coupled model to check whether any unused
/* input” variable in component model exists

d pr_init messages
/* Data structure procedure for initialization of error
/* messages

TN

*/
*/

*/
*/

*/

*/

*/
*/

*/

*/

*/
*/

*/

*/

LA
*/

*/
*/
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Filename: confirm gest.c

{

-

1)

2)

3)

5)

6)

1)

8)

9)

{10)

wW_Pr_ conflrm | gest
/* Window praccedure ‘for procedure a box with three buttons - %/

/* Yes, No and Cancel. . */
/* Input : messagel, message2 */
/* Output: answer, 0 - Cancel button is being pressed ‘ */

w_pxr_init_con_ frame : A

/* Window Mnitialization procedure for con_frame */
n_pr yes_no_cancel con .

/* Activated by "Yes", "No" or "Cancel" button in con_panal */
w_pr_print_confirm

/* Window procedure for print filename, directory, options %/

/* with three buttons - Ok and Cancel. WA
/* Input : directory, filename o ¥(
/* Output: to printer } \
. : ‘ \
w_pr_init_pr frame ' .
/* Window initialization procedure for pr frame */ o =T

n_pr_ok_cancel pr

/* Activated by "OK" or "CANCEL"™ button in pr_panel */
w_pr file confirm

/* Window procedure for requesting filename, directory, with */

/* three buttons - Ok and Cancel. */
/* Input : messagel, messagé2 */
/* Output: answer, 0 - Cancel button is being pressed */

w pr_init_file_ frame :

/* Window initialization procedure for file frame */
n_pr_ok cancel_file : :

/* Activated by "OK" or "CANCEL" button in file panel */

w_pr_center frame
/* Window procedure to center a given frame on the screen */
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Appendix C
.MESSAGES IN THE MAGEST SYSTEM

A list. of two hundred and fourty six messages used in the Magest
system are given in this appendix. Messages in the Magest system are
initialized in a subroutine at the beginning of program execution. The

messages are centralized in the subroutine called d pr init messages

which exists in file window gest.c

All messages are stored in a string array called message. The system
currently can have a maximum of 300 messages, each of length 200
ch\aracters. To modify the size of the array message, it is sufficient to
change the- constant values of Max_Message Length and Max_Messages in
file define.c. - The index used in the array message is the internal number
used to identify the messages and is also given in the following list. In

their internal forms, messages are stored in numerical order.
Magest has three types of messages:
1) Messages for pop up windows,
2) System error messages, and

3) Syntax and semantic error messages.



C.1 Messages for i)op up windows

27

140
139
138
141
28
142

271

23

Do you want to save your model?
Please enter model name:

Model

Filename :

CoupledModel :

Enter filename please:
Multi-RateModel :

Do you want to delete your old model?

Magest: New file.

Page 152



Page 153

C.2 System error messages

0

20
16

17

240

244

Magest:
Suggest:

Magest:
Suggest:

Magest:
Suggest:

Mégest:
Suggest:

Magest:
Suggest:

Magest:
Suggest:

Magest:
Suggest:

Magest:

Suggest:

Magest:
Suggest:

Magest:
Suggest:

Magest:
Suggest:

Magest:
Suggest:

Magest:

Magest:

Can’t create base frame window.
Close some of your windows.

Can’t create error message text window.
Close some of your windows.

Can’t create help message window.
Close some of your windows.

Can’t create message panel window.
Close some of your windows.

Can’t create panel button.
Close some of your windows.

Can’t create selection panel window. \
Close some of your windows.

Can’t create text editor window.
Close some of your windows.

Can’t create TTY window.
Close some of your windows.

Program size too large, symbol table overflow.
Reduce your program size or switch to editing mode

Sorry, help documentation is not yet implemented.
Consult with your system support stuff.

System error in Magest, refer to lexgest.c of declaration
of terminal non alphabetical order error.
Consult with your system support stuff.

System out of memory.
Consult with your system support stuff.

File *’ does not found.

File *’ is empty.



69
12

130
70
73

131
132
133

75

71
74
277
24
25

76

Magest:
Magest:

Magest:
Magest:

Magest:
Magest:
Magest:
Magest:

Magest:

Magest:
Magest:
Magest:
Magest:
Magest:

Magest:
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File cannot be certified since ’ContinuoUSModel’ is
missing,.

File cannot be certified since 'ContinuousMultiModel’ is
missing. '

File cannot be certified since *CoupledModel’ is missing.
File cannot be certified since ’DiscreteModel’ is missing.

File cannot be certified since 'DiscreteMultiModel is
missing.

File cannot be certified since *DynamicStructure’ is
missing.

File cannot be certified since
"DynamicStructuresOfSubmodels’ is missing,.

File cannot be certified since *EndStaticStructure’ is

" missing.

File cannot be certified since "MacroModels’ is missing.

File cannot be certified since "MemorylessModel’ is
missing.

Ty

File cannot be certified since "MemorylessMultiModel’ is

missing,

File cannot be certified since *MultiRateModel’ is
missing.

File does not exist, please check your directory from
SheliTool.

File does not exist, please save your file before you want
to print.

Give a name to the model.
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¢

C.3 Syntax and Semantic error messages

Note:

155

19

- 180
186
232
229

18

192

31
40
39
210
123
106
108

201

In the following messages, appropriate information taken from the

user’s program are displayed within *’.

Magest:

Magest:

Magest:
Magest:

Magest:

Magest:

Magest:

Magest:

Magest:
Magest:
Magest:
Magest:
Magest:
Magest:

Magest:

Magest:

Suggest:

" is not allowed to use here.

"*)" expected for ending comments, add '¥)’ at the end
of your comments.

I’ expected.

"OutputFunctions’ block expected.

’Submodel’ expected..

"Submodels” expected.

Alphabetic is following numeric, check your program.,

An auxiliary variable cannot appear on the right-hand
side of the assignment statement where it is specified.

Arithmetic expression expected.

Arithmetic factor expected.

Arithmetic term expected.

Array declaration expected.

Assignment statement expected.

Assignment statement or For block expected.

Auxiliary Parameter assignment statement expected in
Auxiliary Parameter block.

AuxiliaryParameter >’ has not been specified in
AuxiliaryParameters block.
Eliminate ”* or give it a specification.
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s =
173 Magest: AuxiliaryVariable >’ is not specified in Dynamic
Structure. .
Suggest: Eliminate >’ or specifys it in Dynamic Structure.
181 Magest: AuxiliaryVariable has been specified twice.
43 Magest: Booclean expression expected. -
45 Masgest: Boolean factor expected.
44 Magest: Boolean term expected. )

242 Magest: Can’t open file *’.

14 Magest: Character inside quotation is not text character, use
alphabetic, numeric, sign, tab or bell

246 Magest: Component model ”* has not been certified.
Suggest: Please certified ”’ in singl¢ model mode.

252 Magest: Component model type expected.

105 Magest: Constant assignment statement expected in Constant
block.

190 Magest: Constant cannot specified for more than once.

198 Magest: Constants *’ hias not been specified in Constants block.
Suggest: Eliminate ’? or give it a specification.

177 Magest: Derivative of state is expected.

127 Magest: Distribution name expected.

194 Magest: Eliminate multiple specification of AuxiliaryVariable.
195 Magest: Eliminate multiple specification of interpolated variable.
193 Magest: Eliminate multiple specification of random variable.
185 Magest: Eliminate Output Function block.

10 Magest: Exponent overflow, range of exponent is between -319



11

147

276

280

278

41

22
179
146

164

161

167

187

13

204

Magest:

Magest:

Magest:

Magest:

Magest:

Magest:

Magest:
Magest:
Magest:

Magest:

Suggest:

Magest:

Suggest:

Magest:

Suggest:

Magest:

Magest:

Magest:

Suggest:
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and 307.

Exponent underflow, range of exponent is between -319
and 307.

External output for coupled model has been connected.

FastContinuousModel or SlowContinuousModel can not
used in Coupled Model.

FastContinuousModel expected.

FastContinuousModel expected, only allow to have one
FastContinuousModel and®one SlowContinuousModel.

Identifier in Aux111ary Variable and Output should have

the same type. )
""\

Idenuﬁer in State and Output should have the same type.

[llegal Derivative variable.

Input for component model has been connected.

Input >’ is not used on the right-hand side of Derivative.
Eliminate *’ or use it in Derivative.

Input ”’ is not used on the right-hand side of Qutput
Function.

Eliminate ’” or use it in Qutput Function.

Input >’ is not used on the right-hand side of State
Transition,
Eliminate *’ or use it in State Transition.

Input variable expected.

Integer value overflow, range of integer is between
2147483648 and 2147483647

Interpolated variable *’ has not been specified in
Interpolation block.
Eliminate ’” or give it a specification.

o



158

112

149

207

148

267
272

211

196

115

265

273

257

275

269

Magest:
Suggest:

:Magest:

Magest:
Suggest:
Magest:
_Suggest:
Magest:
Magest,
Magest:
Magest:
Magest:

Magest:

Magest:

Magest:

Magest:
Magest:
Magest:

Magest:

v
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Int\é?polated variable ’’ is not used in Dynamic Structure.
Eliminate ’’ or use it at least one in the Dynamic
Structure. ~

Interpolatioh assignment statement expected in

Interpolation block.

Macro ’ ’ is not used in Dynamic Structure.
Eliminate >’ or use it at least once in the Dynamic
Structure. :

Macro *’ is not specified Macro Reference in Dynamic

Structure.

Eliminate ”\or specify in Dynamic Structure.

Macro model has not used in component model.

Model name expected.

No more internal coupling will exist.

Non-array declaration expected.

Non-array type of variable expected.
. . . t .

Number or scalar variable expected.

Numerical value overfiow.

Ouly component model can use in InternalCouplings.

Only component model can use on the fight hand side of
ExternalCouplings.

Only coupled model can use on the left hand side of
ExternalCouplings.

Only FastContinuousModel or SlowContinuousModel
can use in Multi-Rate Model.

Only input variable can use here.



© 274
152

270

182

26

237
59
79

107

54
253

" 104
85

80
231

264

261

Magest:

Magest:
Suggest:

Magest:

Magest:

Magest:

Magest:
Magest:
Magest:

Magest:

‘Magest:

Magest:

Magest:
Magest:
Magest:

Magest:
Magest:

Magest:
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«F
Only output variable can use here.

Output ”’ is not specified in Output Function.
Eliminate '’ or specify it in Qutput Function.

Output variable expected.

Parameter expected on the right-hand side of an auxiliary
parameter specification.

Please clear your present text editor window before
loading another file.

Put "ComponentModel’ here.

Put Do’ here.

Put *DynamicStructure’ here.

Put ’EndAuxiliaryParameters’ at the end of
’AuxiliaryParameters’ block.

Put ’EndCase’ at the end of ’CaseOf” block.

Put ’EndComponentModel’ at the end of
’ComponentModel’ block.

Put ’EndConstants’ at the end of ’Constants’ block.
Put "EndDerivatives’ at the end of ’Derivative’ block.
Put ’EndDynamicStructure’ here.

Put "EndDynamicStructuresOfSubmodels’ at the end of
’DynamicStructuresOfSubmodels’ block.

Put "EndExternalCouplings’ at the end of
"ExternalCouplings’ block.

Put "EndExternallnputs’ at the end of ’Externallnputs’
block. '

2



263

251

55
50
266

111

256

31

91.

87

128

89

78

93

94

60
238

262

Magest:
Magest:

Magest:
Magest:

Magest:
Magest:
Magest:

Magest:

Magest:
Magest:

Magest:

Magest:

Magest:
Magest:
Magest:
Magcst:
Magest:.

Magest:
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Put 'EndExternalQutputs’ at the end of "ExternalOutputs’
block.

Put 'EndExternalVariables’ at the end of
"ExternalVariables’ block.

Put ’EndFor’ at the end of ’For’ block.
Put EndIf’ at the end of "If’ block.

Put ’EndInternalCouplings’ at the end of
"InternalCouplings’ block.

Put EndInterpolations’ at the end of ’ Interpolatlons

~ block.

Put ’EndMacroModels’ at the end of "MacroModels’
block.

Put ’EndModel’ here.

Put "EndModelSelections’ at the end of
"ModelSelections’ block.

Put ’EndOutputFunctlons at the end of
’OutputFunctions’ block.

Put ’EndRandom’ at the end of ’EndRandom’ block.

Put ’EndStateTransitions’ at the end of ’StateTransitions’
block.

Put ’EndStatucStructure here.
Put ’EndSubmodel’ at the end of ’Submodel’ block.
Put ’EndUpdates’ at the end of "Update’ block.

Put ’EndWhile’ at the end of *While’ block.

“Put ExternalCouplings’ here.

Put *ExternalDutputs’ here.



236
63
239
65
224
77
49
135
98
99
227
258
260
62
32
66
125
259
47
57
29

137

Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:

Magest:
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Put ’ExternalVariablefs’ here.

Put ’In:’ inside thé macro refereﬁce.

Put ’InternalCouplings’ here.

Put ’Out:’ inside the macro reference.
I[‘uL ’Select’ in here for Model Selections.
Put ’StaticStructure’ here.

Put *Then’ here.

Put 'To’ here.

Put "Tolerance’ here.

Put "When’ in here for Update condition.
Put ’With’ here. ‘

Put a °." here.

Put a '<--’ here.

Put a ’(’ here.

Put a )’ here or reorganize your program.
Put a ’)’ here.

Put a ’;” here.

Put a ’-->’ here.

Put a ’,” here.

Put a ’=" here.

Put a ’[” here or reorganize your program.

Put a'’]" here.



33
121

67

42

61
114
129
136
120

96
119
102

52

68

37

36
116

255

38
100

Magest:
Magest:
Magest:

Magest:

Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Magest:
Suggest:
Magest:

Magest:

Put a "’" here for derivative of a state variable.

Put a dimensioned variable here. eg. AR(1..15).

Put a filename beside ’ReadFrom’.

Put a library function name here, or change the

‘expression.

Ppt a macro identifier after "Macros’.

Put a macro variable here, or delete the ’,’
Put a number ere, or delete the .

Put a number or constant varia‘qle here.

Put a number or identifier here.

Put a pos.itivé or negative real number here.
Put a range limit here, or delete the ’,’.

Put a scalar or dimensioned variable here.
Put a scalar variable after 'CaseOf’.

Put a scalar variable here.

Put a scalar variable here, or delete the ’,” .
Put a scalar variable in Random block.

Put a variable after 'RangeOf’.
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Put all the names of macro model which has been used

in component modes here.
Press prepare 'External Couplin"g’ button.

Put an arithmetic expression here, or delete the

Put an assignment statement here, or delete the

2
¥ -

T ?
s -



se

56

134
35
12
34

225

228

233

53

30

124

226

101\ Magest:

254
64
110
46

118

214

Magest:
Magest:
Magest:

Magest:
Magest:
Magest:

Magest:

Magest:

Magest:

Magest:

Magest:

Magest:

Magest:

Magest:

Magest:

Magest:

Magest:

Magest:

Suggest:

Ay
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Put an identifier after *For’.

Put an integer here for index.

Put an integer here for index, or delete the '[*.
Put an integer in exponent part.

Put an integer in here as dimension.

Put an unsigned integer here for ’Select’.

Put an unsigned integer here for total number of
submodels.

Put an unsigned integer here for submodel' number.

Put an unsigned integer or identifier as Case’
identification.

Put an unsigned integer or identifier here, or delete the

b
9 -

Put at least one ’Case’ in 'CaseQf’ block.

Put at least one assignment statement in Model
Selections block. .

Put at least one 'assign;nent statement in Update block.
Put at least one componenp'moc.lel here.

Put at least one scalar variable here.

Put at least one tz{bular function name here.

Put one of relational operators here. { =,Not=,<,<=>>= )
Put 01‘1(; or two range limit here. eg. >5, <=8,

Random *’ is not specified in Random block.
Eliminate >’ or give it a specification.



126

184

21
122
281

279

212

170

157

178
109

143

183

113

249

189 °

268

Magest:

Magest:
Magest:
Magest:
Magest:

Magest:

Magest:

Magest:
Suggest:
Magest:
Magest:
Magest:
Magest:
Suggest:

Magest:
Magest:

Magest:

Magest:

Magest:
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Random assignment statement(s) expected in Random
block.

RangeOf speciﬁcatién has been defined more th‘an one.
Repeated identifier in a same model.‘

Scalar or dimensioned variable expecfed.
SlowContinuousModel expected.

SlowContinuousModel expected, only allow to have one
FastContinuousModel and one SlowContinuousModel.

Specify Output Function for *’ or eliminate it from
Outputs list.

State *’ is not specified the derivative in Derivative
block.

Eliminate *’ or specify the derivative,

State has been specified in Derivative Section.

State has been specified in State Transition Section.
Subscripted-variable expected.

Tabular Function ’ ’ is not used for any interpolated
variable. -

Eliminate { ’ or use it for an interpolated variable.

Tabular Fulfetion expected on the right-hand side of
Interpolation specification.

Tabular function name expected.

Too much component models, maximum 39 component
can be use.

Undefine Constant.

Undefine model name.




15

188
191

51

197

234
58
97

117

84
230
90
1223
86
88

92

Magest:

Magest:
Magest:

Magest:

hdagést
Magest:
Magest:

Magest:

Magest:

‘Magest:
Magest:
Magest:
Magest:
Magest:
Magest:

Magest:
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Undefined character, use alphabetic, numeric, sign, tab or
bell

Undefined Identifier.

Undefined Model name.

Variable is expected at the beginning of an assignment
Statement.

Variable should be declared as boolean.

You must declare MacroModel ** in MacroModels block.
You must either have "To’ or "'DownTo’ here.

You must either have a real number or scalar variable
here.

You must have '=" for RangeOf declaration.

You must have ’Derivatives’ block in the dynamic
structure of continuous model. '

You‘ must have *DynamicStructuresOfSubmodels’ block
in the dynamic structure of multi-models.

. You must have "ModelSelections’ block in the

"Submodel’ block.

You must have *OutputFunctions’ block in the dynamic
structure of macro model.

You must have *OutputFunctions’ block in the dynamic
structure of memoryless model.

You must have ’StateTransitions’ block in the dynamic
structure of discrete model.

You must have ’Sﬁbmodel’ block in the dynamic
structure of multi-models. i

-

R
/
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48 Magest: You must have a ’=’ for assignment statement.

95 Magest: You maust have a scalar variable between *When’ and
"Crosses’. '

221 Magest:” You must have Input declaration in a macro model.
219 Magest: You must have Input declaration in a mcmqi*yless model.

103 Magest: You must have Interpolation declaration in Tabular
Function block.

83 Magest: You must have Output declaration in a continuous
model.

250 Magest: You must have Qutput declaration in a coupled model.
218 Magest: You must have Qutput declaration in a discrete model.
222 Magest: You must have Output declaration in a macro model.

220 Magest: You must have Output declaration in a memoryless
model.

82 Magest: You must have State declaration in a continuous model.

217 Magest: You must have State declaration in a discrete model.
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Appendix D
SYSTEM TEMPLATES

Several templates are available within the Magest modelling
environment. The template names and the names of the files where they

are stored are as follows:

Template Name File Name
Continuous model continuous.temp
Continuousmulti-model continuous_multi.temp
Discrete model " | discrete.temp \
Discrete multi-model discrete_multi.temp
Memoryleﬁs model - memoryless.temp
Memoryless multi-model memoryl‘gss_multi.temp
Macro model macro.teplp | i
Coupled model coupled.temp
Multi-rate model multirate.temp

Table D.1 The name and filename of templates

The templates are dynamic, i.., depending on the need, they can be

~€xpanded or retracted under the cuntrol of the Magest system.
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D.1 Template for continuous Madels

ContinuousModel

StaticStructure -
Inputs
States
Outputs
Auxiliary Variables

Constants

EndConstants
Parameters
AuxiliaryParameters
EndAuxiliaryParameters

TabularFunctons
Interpolations
Egdinterpolations

Macros

EndStaticStructure

DynamicSiructure
Derivatives

EndDerivatives
OutputFunctions
EndOutputFunctions
@ pdates
When
EndUpdates
EndDynamicStructure EndModel

—

#
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D.2 Template for continuous multi-models

ContinuousMultiModel
With Submodels

StaticStructure
Inputs
States
Outputs
Auxiliary Variables

Constants

EndConstants
Parameters
AuxiliaryParameters
EndAuxiliaryParameters

TabularFunctions
Interpolations
EndInterpolations

Macros

EndStaticStructure

DynamicStructuresOfSubmodels
Submodel
DynamicStructure
Derivatives

EndDerivatives
OutputFunctions
EndOutputFunctions

Updates
When

EndUpdates

ModelSelections
Select
When

EndModelSelections
EndDynamicStructure
EndSubmeodel
EndDynamicStructuresOfSubmodels EndModel

/

'3

o
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D.3 Template for discrete models

DiscreteModel
StaticStructure
Inputs ‘ ~
States
Outputs
AuxiliaryVariables

Constants

EndConstants -
Parameters
AuxiliaryBarameters
EndAuxiliaryParameters

TabularFunctions /
Interpolations
EndInterpolations
Macros '
EndStaticStructure

DynamicStructure
StateTransitions

EndStateTransitions
OutputFunctions
EndOutputFunctions
Updates

When

EndUpdates
EndDynamicStructure EndModel



D.4 Template for discrite multi-models

DiscreteMultiModel
With Submodels

StaticStructure
Inputs
Outputs
Auxiliary Variables

Constants

EndConstants
Parameters
AuxiliaryParameters
EndAuxiliaryParameters

TabularFunctions
Interpolations
EndlInterpolations

Macros

EndStaticStructure

DynamicStructuresOfSubmodels
Submodel
¥ ‘ DynamicStructure
StateTransitdons
EndStateTransitions
OutputFunctions

EndQutputFunctions

Updates
When

EndUpdates

- ModelSelections
Select
When

EndModelSelections
EndDynamicStructure
EndSubmodel

EndDynamicStructuresOfSubmodels EndModel

,-3\&
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D.§5 Template for memoryless models

MemorylessModel
StaticStructure
Inputs
Outputs
AuxiliaryVariables

Constants

EndConstants
Parameters
AuxiliaryParameters
EndAuxiliaryParameters

TabularFunctions
Interpolation
EndlInterpolations

Macres

EndStaticStructure

DynamicSt-ucture
OutputFurnctions

EndOutputFunctions

Updates
1 When
EndUpdates

EndDynamicStructure EndModel
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D.6 Template for memofyless multi-models

MemorylessMultiModel
With Submodels y,

StaticStructure
Inputs
OQutputs
Auxiiiary Variables

Constants

EndConstants
Parameters
AuxiliaryParameters
EndAuxiliaryParameters

TabularFunctions
_Interpolations
EndlInterpolations
Macros
EndStaticStructure

DynamicStructuresOfSubmodels
Submodel
DynamicStructure
CutputFunctions

EndQutputFunctions

1Jpdates
When

EndUpdates

ModelSelections
Select
When

EndModelSelections
EndDynamicStucture
EndSubmodel

EndDynamicStructuresOfSubmodels EndModel



D.7 Template for macro models

MacroModel
StaticStructure
Inputs
Outputs
AuxiliaryVariables

Constants

EndConstants
Parameters
AuxiliaryParameters
EndAuxiliaryParameters

TabularFunctions
Interpolations
EndInterpolations '

Macros

EndStaticSoucture

DynamicStructure
OutputFunctions

EndOutputFunctions

Updates
When
EndUpdates

EndDynamicStructure EndModel
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D.8 Template for coupled models

CoupledModel
ExternalVariables
Inputs
Outputs
EndExternalVariables

ComponentModels

EndComponentModels EndModel
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D.9 Template for multi-rate models

MultiRateModel
ExternalVariables
Inputs
Qutputs
EndExternal Variables

ComponentModels
FastContinzousModel
L SlowContinuousModel
EndComponentModels EndModel
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