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ABSTRACT

A MOON Simulator and Debugger

Chang Li

The goal of this project is to design a simulator and debugger which extends the
capabilities of the current simulator called MOON simulator into a new modemn debugger
with a friendly and nice looking graphical user interface. MOON is a programming
language for a simplified RISC processor. It was designed as a target language for
compilers written in the Compiler Design courses (COMP442 and COMP 642 in
Concordia University), moreover, it can be used as an aid to leaming assembly language
conceplts.

The MOON Debugger/Simulator can edit and assemble MOON programs into the
“machine language” of the host processor, simulate the execution of programs on the
processor, and provide some debugging facilities. The implementation is based on Java
language with JDK1.3, and the system can run on any popular platforms.

This report covers the system requirement, GUI design, object-oriented design

and implementation in Java. The user's manual and some class source files are listed.
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Chapter 1: Introduction

1.1. Background

The MOON language is an assembly language designed for the MOON processor which
is an imaginary processor based on RISC (Reduced Instruction Set Computer)
architectures. It has a number of different simple instructions. All the instructions occupy
one word and require one memory cycle to execute. The processor has a few instructions
that access memory and many instructions that perform operations on the contents of
registers. The memory address is a value in the range 0.1.....2°". Each address identifies
one 8-bit byte. The processor can load and store bytes and words.

In 1995, Professor Peter Grogono wrote an assembler/simulator for MOON in C.
MOON can be used for target language produced by the compilers written in the
Compiler Design courses (COMP 442 and COMP 642) at Concordia University. This
program can assemble a MOON program and simulate the execution of programs on the
processor and provides rudimentary debugging facilities, however it is a command line
program with a very primitive user-interface.

Recently, with the objected-oriented technology and graphical user interface design
widely adopted for most software development, this MOON Debugger/Simulator needed
to be rewritten to a new modern IDE (Integrated Development Environment) that should
extend the capabilities of the existing assembler/simulator with a friendly GUI. Moreover,

it should provide more debugging features and easy-to-use functions for users.



1.2. Goals

Based on the al;ove rewriting demand for a new MOON Debugger/Simulator, a new IDE
for MOON program should be developed. Since there are some requirements that the
program runs on the platform independently, along with the application of Object-
oriented technology and good GUI design, Java language is the one of the best choices.
Java is a fully objected-oriented language with strong support for proper software
engineering techniques.

Based on new Java technology, MOON can be re-engineered with several classes
corresponding to the GUI frames, registers, memory, instructions, displaying tables, etc.
Users can edit their MOON program code, compile code and run the compiled code in a
simulated manner. In addition, users are allowed to modify values during the execution
such as setting a breakpoint, and changing the content of the tables showing memory and
registers would actually change the contents of the simulated memory and running results.

To achieve the goal, software engineering methods should be used in this software

development. In the following chapters, a detailed software development process will be

presented.

19
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_ Chapter 2: Software Process Overview

Software development involves a set of activities and produces software as a result. The
fundamental process activities include Software specification, Software implementation,
Software validation and Software evolution. These activities can appear in different
software development stages and they should be well defined. To achieve the goal to
produce successful software, a good development process model is a must.

One of the first development process models offered is called the waterfall model.
This model is linear, with one stage followed directly by the next. Each stage should be
carefully completed before walking to next stages. We can extend this model by adding
User-Interface Design process for this project with nice GUL. The complete model is

depicted in Figure 2.1

Requirement
Analysis

Requirement
pecification

Source Code \

Design
Specification

Figure 2.1

Requirement ~engineering process[3] is the first process. The MOON

Debugger/Simulator has following principal stages in this process:

3 -



. Feasibil.ity study (time, current software and hardware technologies)

° Require;'nents analysis (observation of existing system, discussions with users and
experts, task analysis)

¢ Requirements definition and specification (gathering all the information in the

analysis activity and writing the documents)

Software design starts from the requirements in natural language, via informal design
to formal design. Since the late 1980s, Object-Oriented Design (OOD) has been widely
publicized and adopted. The notations most relevant to OOD were recently standardized
as the Unified Modeling Language (UML)[2]. UML can describe the classes and objects,
visualize the behavior of a system, subsystem, or class.

Our system design also involves Graphical User Interface (GUI) Design. It includes
task descriptions and usability goals, low and high fidelity prototypes. and the design
evaluation.

Implementation is a concrete representation of the design. Successful design should
produce nice implementation of classes and methods that are associated together.

Testing is the last step: it is used to find errors and measure the reliability of the

program.



| Chapter 3: Requirements Specification

3.1. Task Analysis

Task analysis is a process that builds a solid. extensible software design foundation.
Often. software is designed by executing a series of prototypes. While prototyping is
useful, the process does not provide any quantifiable way to ensure the design meets all
the requirements or easily supports enhancements in the future. Task analysis provides a
way o substantiate all aspects of the requirements by rigorously examining the user task
flow. Task analysis also helps software designers get outside the box, by intentionally
focusing on the operational problems to solve rather than implementation problems. The

goal of task analysis is to empower the user beyond the original task requirements.

3.1.1. Task Goals

Based on analyzing the previous MOON Debugger/Simulator, the main task in the new
system is to give the program a nice graphical user interface, more functions that user can
use easily, and more debugging features. The new simulator can also aid in learning
assembly language concepts. The program has been re-engineered in the OO style to

improve the reusability and maintainability of the codes.

3.1.2. User Analysis
User Analysis is needed to know the people who will use the application and how they

will use it. An approach to user analysis begins by observing users.



3.1.2.1. Users
* Studenté in the Compiler Design Course (Comp442 and Comp642)
e Other people who are interested in leaming assembly language concepts.
3.1.2.2. Characteristics
Skills and Knowledge:
e Users should have enough skills and knowledge on the principles and practice of
computer hardware and software.
e Users don't require special training on using this software.
Physical Attribution:
e Most users are aged between 18 and 50 and have university education level.

e Users have no serious health problem such as blindness or hand-disability.

3.1.1 Use Cases
To finally turn to implementation, it is required to drive the analysis of the system by
identifying the system’s use cases. A use case is a description of set of sequence of
actions that a system performs that yields an observable result of value to a particular
actor. [2] This system use case is described in such a flow of events:

Moon Frame: The use case starts when the system shows a window with a menu

bar called Moon Frame.

Source Editor: User can load and edit source code in this text editor.

Debugger: User can come into the debug frame and use some debugging
facilities.

Parsing: User can compile the source code, and load the compiled code to

the simulated memory.

6 -



Running:

Debug Facilities:

User can execute the instructions in the simulated memory in either

of Moon Frame or Debugger.

From Debugger, user can (race instructions execution, set

breakpoints, and change register and symbol table values.

The use case diagram is given in Figure 3.1.5.

Source
Editor

. (4
<<mclude>>l/
4

User

-
-
~———
-~
- -
-~

~———
-

\“ :7

\

<gifiClude>>
----------- >\ facilities

<<include>>

Figure 3.1.5

3.2. System functionality description

In this part, the system Functional Requirements will be presented in more detail. It has

been mentioned above that the new MOON Debugger/Simulator extends the old system

to a simple and modem debugger. The new features are added:

1. MOON program source code can be loaded and edited in the editor. In addition,

more than one MOON program can be loaded and compiled all together.



2. The registers, memory, and symbols can be displayed on the same screen. In the
debugger, user; can access them to read or modify their values during execution.

3 Users can interact with the system: they can stop. pause and continue the
execution or set up break points. Even if the user’'s MOON program has a non-breakable

loop in the running without debugging, user still can make decision to stop the execution

of the program.

3.3. Functional Specification

In this section, a more detailed description of each of the system functions will be given.
These are statements of services the system should provide, how the system should react
to particular inputs and how the system should behave in particular situations. [3] A

template for describing the functions is introduced here. The template will have all of the

following fields:

Function: function’s name

Description: explanation of the function in detail
Input: function’s input

Output: function’s output

3.3.1. Main Frame
Function: Main Frame
Description: The system starts when it pops up the main frame with two
windows: Editor and Output; menu bar and information bar. User

can edit source code in Editor window. Output window is non-



Input:

Output:

3.3.2. New
Function:

Description:

Input:

Output:

3.3.3. Load
Function:

Description:

editable. User can click one of menu items and their submenus to
choose corresponding functions wanted.

Text (MQON program source code) on the editor window

Output stream on the output window and some information on the

bottom text bar.

New

When the user clicks “New"” submenu under ‘File’, all the text on
the editor window will clear and it is ready for new program
assembling and running. Before this action, if something has
changed in the editor window, system will prompt “Save
Changes?”, user can choose “yes™ or “no”.

None

All text in the editor window is cleared.

Load

When the user clicks “Load” submenu under ‘File’, it pops up a
File chooser dialogue, and the user can choose a file in the file
system, then the text of the file will appear on the editor window. If
the user repeats this action, another file can be appended to the end

of last file on the editor window. Before the “Load” action, if



something has changed in the editor window, system will prompt
“Save Changes?” to the user who can choose “yes” or “no”.
Input: File: path + name.

Output: Texts are appended to the editor window.

3.34. Save
Function:  Save
Description: When the user clicks ‘Save’ submenu under ‘File’, the program
saves the text contents in the editor window to the opened file.
Input: None

Output: Display message “Saved”

3.3.5. Save As
Function:  Save As
Description: When the user clicks ‘Save As’ submenu under ‘File’, the program
pops up a File chooser dialogue, and the user can choose a file or
input a new file name in the file system, then the text in the editor
window will be save to this selected file or new file.
[nput: File: path + name.

Output: Display message “Saved as ...”

3.3.6. Exit

Function: Exit



Description:

Input:

Output:

3.3.7. Cut
Function:

Description:

Input:

Output:

3.3.8. Copy
Function:

Description:

Input:

Output:
3.3.9. Paste

Function:

Description:

Input:

When the user clicks ‘Exit’ submenu under ‘File’, the system will
terminate and close.
None

None

Cut

After the user highlights the text on the editor and clicks “Cut”
under “Edit” menu, the selected text will be deleted from the editor
and pasted to the clipboard.

Highlights text

None

Copy

After the user highlights the text on the editor, user clicks “Copy”
under “Edit”, the selected text will be cut to the clipboard.

None

None

Paste
After the user clicks “Paste” under “Edit”, the text will be copied

from the clipboard to where the cursor is on the editor window.

None

Ll -



Output:

3.3.10. Select All

3.3.11.

3.3.12.

Function:

Description:

Input:

Output:

Assemble
Function:

Description:

Input:

Output:

Run
Function:

Description:

None

Select All

The user clicks “Select All” under “Edit”. all the text on the editor
window will be highlighted.

None

All the text on the editor window is highlighted

Assemble

The user clicks “Assemble™ under “Run”, the text on the editor
will be parsed. If some errors occur, the compiler will report the
errors to the output window, and system will pop up a message
dialogue to inform the user the assembling is not successful. If it is
successful, the information bar will display ““Assembly successful”,
and “Run” and “Debug” menu will become enabled.

Text on the editor window

Assembling result

Run
The user clicks “Run” under “Run”, the user’'s MOON program

will run; “Stop” is enabled, other menus are disabled and the

12 -



Input:

Output:

3.3.13. Stop

3.3.14.

3.3.15.

Function:

output stream will go to output window while the input will be
fetched from the prompting input dialogue in real-time. If there are
some errors, the error message will be prompted in the message
dialogue.

Needed input by the running program

Error message or running result.

Stop

Description: The user clicks “Stop” under “Run”, the executing program will

Input:

Output:

Debug

Function:

stop immediately. Bottom information bar will display “Stopped”
None

Information bar display ““Stopped”

Debug

Description: The user clicks “Debug” under “Run”, a debugger frame will

I[nput:

Output:

Run

Function:

appear on the screen.
None

None

Run



Description: The user clicks “Run’” button, the compiled program will run and
display result to the output window, while the register table will be
refreshed according to the changing values of registers. If there are
errors, the execution will stop and system will prompt an error
message dialogue.

Input: None

Output: None

3.3.16. Looking for the memory with specified PC
Function:  Looking for the memory with specified PC
Description: The user inputs the value of the Program Counter (PC) on the PC
input box, and clicks “OK™ button, then the corresponding memory
content will display on the memory table and it will be highlighted.
Input: Program Counter (number)

Output: Memory word on the memory table

3.3.17. Set breakpoints
Function:  Set breakpoints
Description: The user can toggle the check on the breakpoint column of the
memory table to set/clear one or more breakpoints. User also can
click a toggle button to set or clear all the breakpoints at once.

Input: Check/Uncheck on the check box or toggle button

Output: None



3.3.18. Change values of the registers or symbols

Functi;)n: Change values of the registers or symbols

Description: When the program is paused or before the execution of the
program, the values of registers on the register table and the values
of symbols (a symbol is similar to a “Label”, representing the
position of the corresponding instruction) on the symbol table can
be changed by the user. The memory table will be changed in
accordance with the above action when running. If input errors
occur, an error message dialogue will be displayed.

Input: Register values and symbol values

Output: corresponding values in all the tables

3.3.19. Step running
Function:  Step running
Description: Once the execution stops either by encountering a break point or
by “Pause” button pressed, user can click “Step” button to make
the execution continue. The user can achieve the execution in
single steps by setting all the instructions with breakpoints.
[nput: None

Output: None

3.3.20. Pause

Function: Pause



Description:

Input:

Output:

3.3.21. Stop
Function:

Description:

Input:

Output:

3.3.22. Help
Function:

Description:

Input:

Output:

When the program is running, the user can pause the execution at
any time by clicking the “Pause” button, and the paused memory
word will be highlighted at the memory table.

None

None

Stop

When the program is running, user can Stop the execution by
clicking Stop” at any time, and the PC will jump to 0.

None

None

Help
In the MOON main frame window, user can click “Help” on the
menu bar to get help information.

None

Help contents display in a window



3.4. Non-Functional Requirement

This part define system properties and constrains on the services or functions offered by

the system.

3.4.1. System software and hardware minimal requirement
e Unix, Linux, Windows95/98/2000/NT/XP etc. OS installed.
e 1.0M Hard disk.
e CPU200M HZ
e 32M Memory

e JDK 1.2 or above installed

3.4.2. Ease of use

The system should provide good GUI so that user can use the system with satisfaction
and explore the functions without any difficulties. Help menu is also necessary to be

provided to help user understand the system and know how to use it.

3.4.3. Reliability
The system should run smoothly and reliably on most platforms. Any exceptions should
be caught by the system and report to the user, then turn to the corresponding handler

processes. GUI components should react to the events correctly.



Chapter 4: Graphical User Interface Design

Graphical user interface gives a program a distinctive “look™ and “feel” and user can
spend less time trying to remember which keystroke sequences do what and spend more
time using the program in a productive manner.

MOON Debugger/Simulator GUI design follows the steps:

o Task analysis and usability goals

e Using the task descriptions to decide upon functional requirements.

e Low and high fidelity prototypes based upon the above.

e Evaluate the design through review and interviews.

e Consider architecture, design patterns and frameworks, Ul Toolkit, etc.

In the requirement engineering process, we have finished task analysis, and
requirement definition and specification. They can be mapped to the first two steps of

GUI design, so we only present the last three steps here.

4.1. Prototypes

Prototypes are the process of building a concrete and visible design solution starts from
user requirement descriptions. Prototypes can be used in this process to validate/review
requirements with end-users, to gather further information about the system, to
estimate/validate the design difficulties or decision, to investigate different design
solutions[7]

Using JBuilder4.0 as a rapid prototyping tool enables a high fidelity prototype to be

obtained.



4.1.1. Main Window

When user starts the program, it appears the following frame, which includes two text

windows, one menu bar and a message bar at the bottom.

E‘SMonn Swunulator - L, ’— Menu

p» Editor
Window
af 1o} -
Output
1T Window
S . p Message bar

Figure 4.1.1

4.1.2. File Menu

If the user clicks “Load™ below “File". a file chooser dialogue will be displayed.

Select
directory

Select file

Look in: Ia moonc

O moondac tex

file name: I@ m . 7

Files of type: | AUl Files (*.")

Figure 4.1.2
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4.1.3. Edit Menu

The user can edit the text on the editor window.

fie EEdit] Run Help
KOO Cut B write string
I Copy % get character .
Past % branch at end of string
aste output character
Select All % bump pointer
| ROU5 % go for more
K006
' hit % end of main program
KO04 db “Felicitations, worldi, 0
ahgn
«f

oaded C:Moonmoonc103.rm

4.1.4. Run Menu

Figure 4.1.3

Operations on the
highlighted text

The user clicks “Assemble” under "Run”. If it has error, system shows this screen.

File Edit Run Help

K005 % wnte string

b r2,0¢1) % get character
bz r2, KOOB6 % branch atend of stnng
putc r2 % output character
addr 1,11,
4 K005
K006
hit
K004 db “Felic |
(ot |
< & >

Error at: *, ~ Constant expected
] add: r1,r1, % bump pointer

Wézsﬁeuﬁnlmg —

Figure 4.1.4
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Error message.
Click OK to exit



4.1.5. Assemble Error Dialogue

If user wants to run “Debug” before code has been modified and not been compiled, a

prompt dialogue will be given to inform that case.

File Edit Run Help
KQ05 % write string
b r2,0(r1) % get character
bz r2, KOCG % branch at end of string Information
putc r2 % output character .
addi f.r1.1 % bump painter /Vmessage. Click
j K005 o :
006 B3 Assemble 3 ' OK to exit
KU(;14“ db “Felic e File has .
al ) Pleasa Assemble & againt ¢
gn /
T [ox]

L¢]

[Assemble Succeed

Figure 4.15

4.1.6. Debug Window

If code has been compiled successfully, and the user clicks “Debug” under “Run”, a new

frame appears. Running Exit the

PO _ Register
Su S n AT it g 4 al :
' ——— — e —— ———r j ls
Marnory _wi” ] el pC i [ 05| Ragsterw>> piaying
BreakPoint__ PC__ | viord T Word-Hex_|_Wora-Dec | | table
o e eddi  tld,c0,... 4£803e80 1333804572~
N 4. add:  cl,0,36  4cd00034 1279262756 |
AT | ‘add  £2,20,c0 13800000 331932928
ooz 1p £2,0¢rl) 8840000 142868330 Memory
16 bz £2,32 90800020  -187065... —» A; .
= : o
o 20 pute  t2 8ce00000  -193776...] | dlSpla,\lna
S e W
. 28 3 T 12 /9800000¢  -174483... table
. 2 nlc ac00000G  -140928...
— . — o .
SO 1 Fet: §95c6545 1768711494
= e ciea 61735963 1615019107 SymbOIS
iz a4 tion 6e6£5973 1352795252 : ing
= a8 s, w 77202¢73 1998597235 ) dlspla}mc
s v arld 4Rc12Ae  _1AAQA2A7AA LT [able
Ouput _Set | GreakPolts AR . . Tion R
Name | Valus | UsloAt I
topadde 16000 / -
k004 3 a, Output
rxons. 1~ 28, .
K006 a2 s, » Wmdow
F I . R ey

Figurc 4.1.6



4.1.7. Run Button

The user clicks “Run” button, the code will run: the register’s values will display on the

register table; output result will be on the output window;

(53 Debug, i Register
. pc [ [ox! Registers»>> Iﬁggu Oec | Text -—» values
‘BreakPont __ PC ¢ Ward [ Word-Hex_| Word-Dee | | 'ny ‘57 s
TI . A2 b £2,0(zl) 8840000 142868380 |& | :
=16 bz £2,32 90800020  -18706S... { : : :
= . : - - : ohlio g
o 2o putc  r2 ‘8c800080  -193776... 14 chhllah[mc
LD 2 addi  cl,cl,l  4c4d000L 1279523865 the
i T 8 3 12 9800000c  -174483...
= a2 hit ‘ac00000C  -140923..77] ing
[T Feli 696c6546 1768711494} ¢ executing
o 4o cita ‘61746963 1635019107 | | ‘g word
i 1 cion ‘Geses97a 1852795252 © 'Rig
L1 48 EPRY 77202c73 1998537235 | | Ry
ooos2 ozld 46c726¢ 1583828783 | ' Ry
L 56 e 21 n B . o
P e 22 0 ] — utput
o 2 A _IT - Jutp
Outpt  Set  GreskPoimtsAl ¢ | Y ot result
 elicitations, worlds - Name | Value | UsedAt | |
[copedaz _jis000 o, i
X004 36 4,
K00 12 28,
K006 AN 15, .
- Executing
usshed - sratus

Figure 4.1.7
4.1.8. Other Buttons in Debug Window

The user can seticlear one or more breakpoints in the memory table by clicking the check

boxes or set/clear breakpoints of all the instruction words.

B Set/Clear
Momory . | €] pc [ i [0k Regsers>>> [ No | Osc | Tot | wex [] breakpoints
BreakPain] _ PC | Word WordHex | worsDec | | 10 O 0 = )
T add1 :14,:0,?{41303:&0 1333604672 e b on the check
4 addy  £1,10.36 23005
=y - TT0,:0__ 14300000 boxes
Yooz 1b £2,0(cl} 8840000
= 16 »z s Set/Clear
.20 putc 8c800000  -193776... .
- tl,rl.l 4cd4d00l 1279524865 breakpom[s of
v 12 9800000c  -173497. ..
B nlt "ac600000  -140928... —Wall the
36 Feli 696c6546 1763711494 . .
T 40 ciea 61736963 1535019107 instruction
P ) 6e6£6974
— %8 .
S e Ly Continue
Outpust ["_Set” execution to the
end or next
>
Stop the
I execution of

: \ the program

. Pause
Figure 4.1.8 during the

execution
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4.1.9. User Updates Tables

Before the execution, at breakpoint or during the pause, user can modify symbols and

registers’ value.

E[)ebug ¥ induw

4.1.10. Program Counter

pC [ | [Lox ] Registers>>>
BreakPoint PC_ | waord [ Worg-Hex | Word-Dec | | RO
10 ‘acdr  rl4,£0,... 4680380 1333804572
o 4 addr  £l,£0,36 4c400024 1279262756 #
8 add  £2,¢0,20 14800000 343932928
P 4 1 £2,0(cl) 8340000 142868430
16 bz 22,32 90800020  -1€705S...
F 20 pucte 2 '§c800000  -193776...
—2a addr  rl,zl,l 40440001 1279524865
28 3 12 9300000c  -174483...
NER hirt 2c000000  -140328...
38 fely 656c6536 1768711434
— 40 cite 6174596) 1635019107
T 44 tion 6e6L6974 1852795252
4 A 77202¢73 1998597235 |
.’—v 52 arld A3AcT2Af  16A432378YIT] b "
Output |_Set _ Break Points Al (step | Pause = stop | Symbols /
- Name | Vale . UsedAt | |
[~ ltopaddz xscy o, -
K004 38 4,
K005 12 28,
| iKoGs N 16,
-
— !
Figure 4.1.9

The user can watch any memory word within the memory table.

B2} Debug Window
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ory |__Run | Emt pc [52 Qx| Registers>>> | No. | Dec | Ve | Hex
Braak ; T 7 «=..80 O R _ .8
‘Breakf’oms PC_ | word " Word-Hex | Ward-Dec RET
[t 28 ) 12 3800000¢  -17448)...{% loy - - :
i 32 hic 2c000000 -140928... 1 |p3 - T - P
ot 3s Felz §96c6548 1788711394 1 Igg
l I3 40 cica 51746963 1635019107} | oo
o 44 cion §e6£697 eISTSTT ! lng
i ae . 0273 1998597235 } ar
l i sz orid 646c726¢ 1684829783 | © ing
] 1 se 21 3 R9
s
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p o 8 R 8 0 ez
IR, K& 0 [} ¢ r13
o e ? ] 0 — |R1a
! 0 _laa 1 a _—a [ .
—— 3= —— - == e
Ouput __Set__; Break Points A : Symbols
- Name | Valus | UsedAl |
[~ [copeder 15000 _ O, ]
¥004 A
E00S 2.,
_ Irooe 32 16,
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Figure 4.1.10

User update the
value of register,
then press “Enter”

to apply.

Input number
(Program
Counter), then
press “OK”
button, the
window will
display the
corresponding
memory content.



4.1.11. Input Dialogue

If the program execution needs the user to input some values, the input message dialogue

will appear as follows:

EN)  Enter acharactes for gic.

Ciick '0K" without input for ending.

]

[Cor | [caca|

Runnss;

(running as debug)

4.1.12. Error Message Dialogue

(running as non-debug)

Figure 4.1.11

Input value as
program
requires, then
clicks “OK" or
“Cancel”
buttons

If the user inputs wrong format values in editable table, an exceptional message dialogue

will prompt.

K_| Registers>>> No. | Dec
dex | Word-Dec | | g? 27 % .
10 1343932928 |&| 10y nrer—ip
Y L e e
0 |-187065.. . - S - 1z
0 72879991 1 R4
0 i-193776. .. S
1 112795
e _i-17444 S0 -
)0 i-1409
5 17687 e Number Format Ert
i3 116350
14 118527 =
'3 119985 OK,
€ 116848 e .
e K Rie 600>

Figure 4.1.12




4.2. Evaluation of Prototypes

After the completion of the prototype, it should undergo usability inspection by usability

specialists (software developers, users and other professionals). to identify any problems

and check for conformance with style guides as well as established ergonomic

principles(7].

This project follows heuristic evaluation, developed by Jacob Nielsen and Rolf

Molich, which is a guideline or general principle or rule that can be used to guide a

design decision or to criticize a design that has already been made.(9]

According to the survey on current Java IDEs on the report by A.Seffah and J.Rilling

(8], the top five problems of usability of the GUI identified are:

Making visible program artifacts (classes. interfaces, structure, etc.) and IDE
functionalities when they are relevant and required.

Minimizing the developer’s memory load.

Speaking the developer’s language.

Keeping the developer informed on the IDE status and the program being
constructed.

Preventing developers from making mistakes.

These problems can be regarded as our interface design evaluation principles. Five

master students in computer science department of Concordia University as human

factors engineers examined the interfaces. Based on their aggregated findings, the

potential problems of interfaces were discovered and the design was iterated.



4.3. MVC and Java GUI components

The Java Foundation Classes (JFC) software extends the original Abstract Window
Toolkit (AWT) by adding a comprehensive set of graphical user interface class libraries.
Swing is a graphical user interface (GUI) component kit, part of the Java Foundation
Classes (JEC) integrated into Java 2 platform, Standard Edition (J2SE). Swing simplifies
deployment of applications by providing a complete set of user-interface elements written
entirely in the Java programming language. Swing components permit a customizable
look and feel without relying on any specific windowing system. Swing is incorporated tn
the Java 2 platform, there is no need to download or install it. [10]

Because of the mentioned characteristics of Swing. this system interface
implementation uses Java Swing as the main tool. Next, let's take look at the important

concepts behind Swing, and how they affect this system development.

43.1. MVC

MVC (the Model-View-Controller) is the underlying architecture of Swing. It defines
how the classes that make up a user interface should be structured and how it achieves
pluggable look and feel.

MVC separates a user interface into three classes. The model class encapsulates the
data underlying the interface, and has no knowledge of how the data will be displayed, or
how the UI will modify it.

The view class displays the data contained by a model. In the context of Swing, the

separate view class allows us to change the look of a component without changing its

underlying data model.



The controller class manages the interaction with the user. It modifies the data model

in order to update its contents, and refers to the view in order provide feedback to the user.

4.3.2. Swing Components

Swing components are written in the Java programming language, without window-
system-specific code. This facilitates a customizable look and feel without relying on the
native windowing system, and simplifies the deployment of applications.

Swing components are often referred to as lightweight components. Lighnwveight
component is one that "borrows” the screen resource of an ancestor (which means it has
no native resource of its own -- so it's "lighter"). Unlikely, AWT components are called
heavyweight components. A heavyweight component is one that is associated with its
own native screen resource (commonly known as a peer). The classes of Swing
components are from package javax.swing. In applications with JFrames, we attach
components to Container which is a collection of related components. JComponent is a
subclass of Container rather than Component, which gives it the ability to add child
components.

These components are used in MOON system:

Buttons: JButton, JToggleButton

Menus: JMenuBar, JMenultem

Tables: JTable, DefaultTableModel, AbstractTableModel

Text Components: JTextArea, JTextField, Document

Common Dialogs: FileChooser

Bar: JScrollBar

Lables: JLable



4.3.3. Swing Component Construction

The Swiné component is created by passing in a data model object to its constructor,
then the component requests a delegate from the UIManager class. The UIManager
returns a delegate that is suitable for the current look and feel[6]. Following is the code
for the “look and feel” as Metal in MOON system:

try {
UIManager.setLookAndFeel (
"javax.swing.plaf.metal.MetalLookAndFeel");
}
catch(Exception e) {
e.printStackTrace();
}

Figure 4.3.3 shows the construction of a Swing component:

-
D Swi ng
Component
Requests <
delegate UlManager

v

Delegates adds
event listeners
to component

Component passes
paint requests to
delegate

Figure 4.3.3
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Understanding MVC and Java GUI components can help us to do better work in
the following software development processes. With Java AWT, Swing lightweight
components and the underlying structure-MVC, the object-oriented design and the

implementation of the system will become easier.



Chaptér 5: Object-Oriented Design and Implementation

Object-Oriented Design (OOD) centers on finding an appropriate set of classes and
defining their contents and behavior. Itinvolves determining the proper set of classes and
then filling in the details of their implementation. Object-oriented design is
fundamentally a three-step process: identifying the classes, characterizing them, and then
defining the associated actions.[5]

MOON Debugger/Simulator is developed with OOD and implemented in Java. It is

composed of variety classes and can be inherited and extended.

5.1. Understanding The Problem
The first step to make object-oriented design is to understand the problem. This system is
about an assembler language simulator and debugger, hence the main problems are
concluded as:

I. How to edit the source code

2. How to compile the code

3. How to run the program

4. How to debug the compiled code

Some problems are complex and they will probably be divided to more sub problems;
such as “How to debug the compiled code™ can be grouped by “How to set and clear
breakpoint”, “How to change the register value”, “How to display the memory™, etc.

On these problems, some criteria for correctness should be established that will tell us

if the system is working:



1. Source code can be displayed, edited and saved.

)

Before i'unning, the code must be compiled successfully.

3. If execution has error, it should be stopped.

4. Because the simulated memory is 4000 words, MOON program source code

should be not more than 4000 lines in this system.

5.2. Identifying Candidate Classes

Based on the problems understood and some sense of how they should be solved, a set of

classes can be identified.

Class with main function:

MOON Frame:

Debugger Frame:

Source Editor:

Source Parser:

Program Executor:

Memory:

Register:

Program can be executed from running this class in
Os.

Interface for source code editing and compiling. and
MOON Program simulated execution.

interface for code debugging facilities.

A text Editor for MOON program source code.

A compiler for assembling the source code to the
simulated memory and checking non-real-time
errors.

It can simulate the program execution and run in
either of normal way or debugging way

Simulated MOON memory content with access
methods

Simulated 15 registers of MOON with set and get

methods
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Symbo!s: Set symbols value and addresses where they occur

lnstruciion: MOON instruction set and instruction access.

Word Types: Memory word types (Format A, Format B and data)
and their access.

Displaying Tables: Displaying table such as registers, symbols and
memory table data models construction

Token and Token Types:  Kinds of tokens for source code parsing.

Operation Code Types: Operation codes enumeration

5.3. Class Architectures and Implementations

MOON Debugger/Simulator is an IDE which includes user interface, editing, parsing,
executing and debugging etc. components. Some of these components can be grouped
within a class and some can be dependent classes. The relationships between these
classes are complicated and each class has its own attributes and operations. Here, we use
Unified Modeling Language(UML) to describe our classes and their relationships. UML
is a standard language for writing software blueprints and it may be used to visualize,
specify, construct, and document the artifacts of a software-intensive system[2}].

§.3.1. MoonClass

MoonClass javax.swing
‘PpackFrame : boolean = false’ e
_ — oo e o 2. UlManager
E®MoonClass() : —
I@imain() o : JFrame i

| MoonFrame

1

Figure 5.3.1
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Figure 5.3.1 shows the class structural diagrams of MoonClass and MoonFrame.

MoonClass is the “first” class that involves the static main operation “public static
void main(String[] args){...}” and instantiated an object of MoonFrame which provides
the interface and other utilities. When user execute this file using “java

moon.MoonClass” command line with JDK1.2 above installed, the program will be

running.

5.3.2. Memory

Memory class(Figure 5.3.2) is constructed for simulating the main memory of MOON
architectures. A memory address is a value in the range O.1,..., 2*' | Each address
identifies one 8-bit byes. The addresses 04,...4N are word addresses. MOON
Debugger/Simulator can simulate memory size up to 4000 words. The memory can not
be enlarged over 4000 words, because the memory display table is implemented in Java

which gives much capacity limitation.

Ve eng

(e}

mogcn

| moan L - N ) Memory ,

! R T entrypoint int . = Y —— ]
G errormessage Sting : [ LLLL L LLEL .Mu}"en rw=r|El-c]

[insruction ][ mem ] p"i"ﬂﬁ""[&][ WorgTyoe | T ic nt 'Q-—————‘—'l - }

@ ns Instruchon nd
) © v woraType |
. lave ang | @ mar int

|
e % ma woratos | Emnar]

T mem Mem(
T MEMSIZE it

™ feicnQ snort

-® getmembyle( Ovte
- getmemwaordC nt
S Memors( void

4~ misaigneacQ baglean |
-® cutofrangeQ bdaolean
- putmemowvta( veid
™ putmamcharg vcid
-® putmeminstr) void
- putmemwordQ void
- runtimeerrar) void

Figure 5.3.2
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53.2.1 Instrftction Jformats

Each instructio.n occupies one 32-bit word of memory. There are two instruction formats,
A and B, shown in Figure 5.3.2.1. Both formats contain a 6-bit operation code. Format A
contains three register operands and Format B contains two register operands and a 16-bit

data operand. If an instruction contains a K operand, it can be seen as Format B.

0 6 10 14 18 32
Format A opcode Ri Rj Rk

0 6 10 14 16 32
Format B | opcode Ri Rj K

Figure 5.3.2.1

5.3.2.2. WordType
A word of simulated memory has four types: format A of instruction, format B of
instruction, four bytes data and 32-bit signed integer.

The class (Figure 5.3.2.2) is created according to these four tvpes of memory
word. It has an integer attribute data (in Java, integer has 32-bit length) that is the unique
simulated memory word area and it can be accessed from a series of methods get and ser.
With java bit shifting operators: the left shift operator(<<), the right shift operator with
sign extension(>>) and the right shift operator with zero extension(>>>), the series of
methods ger and set can be achieved. Take an example, to set a 4-bit register operand in

format A instruction can use method ser_fmta_ri(int bits) :

public void set_fmta_ri(int bits) {
Word = (bits<< 22) | (OXFC3FFFFF & Word);

//register i: 4 bits

}
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& get_bytsQ “ byte{

§ get_data) nt

& get_fmta_opQ int
 get_fmta_ng int

® get_fmta_nQ int

S get_fmta_rk( int

S get_fmta_unused( nt
& get_fmtb_k(Q . short

& get_fmtb_opQ it

& get_fmto_nQ nt

& get_fmtb_nQ nt

& get_fmib_unusedQ . nt
® set_bytsQ void

& set_data0 . void

N set_fmta_opQ void

€ set_fmta_nQ voud

8 set_fmta_n( void

& set_fmta_rkQ void

& set_fmto_k(Q void

& set_fmto_opQ void

& set_fmts_nQ void

§ set_fmto_nQ void

& WordType( void t

Otject
—
| moon |
moon ; i WordType moan
] i '
: i ‘rlns!ruchon;” MoonExecJI Parsigﬁymboﬂ
| +| R bts " byteg ] [ I I
- e Bp data : int - —————— —J i |
] : e e — o o e e s
| | R Word -int e ——— —————— ——————— = —

Figure 5.3.2.2

5.3.2.3. Memory Access

The simulated memory array of class Mem cont

ains two flags, to tell whether the word

contains an instruction and whether it is a breakpoint. Simulated addresses are byte

addresses. Consequently, all addresses are shifted right 2 bits before being used. Only

the memory module should know about this.

In Memory, there are eight methods for accessing, one constructor and two methods

for handling exceptions.



e (Constructor:

1. Initialize Memory content by creating an array of Mem with size 4000.

9

Create an instruction register(ir) as an instance of WordType which contains
the instruction that will be executed next.
3. Create memory data register(mdr) as an instance of WordType.
4. Create memory address register(mar) to store word address of last access
5. Create instruction counter(ic) which contains address of instruction that will
be executed next.
6. Instantiate an object of Instruction.
7. Set entrypoint to -1 as the first instruction
8. Initialize the error message string to blank.
e outofrange() and misaligned():
[. If address is illegal, outofrange will output error message 1o handler.
2. If a memory word access is not on a four-byte boundary, misaligned reports
error to handler.
e fetch() is to fetch the instruction at ic, store itin fr, and increment ic.
e getmemword() and putmemword() are to fetch a data word from memory and
return it, and store a word in memory.
o getmembyte() and putmembyte() are to fetch a byte from memory and store a byte
to memory

e purmeminstr() is to store an instruction to memory.

e purmemchar() is to store a character in memory.



5.3.3. [nstruc'tion
As mentioned .in 5.3.2.1, there are two instruction formats, format A and format B.
Instructions are divided into three classes: data access, arithmetic, and control.

We create class OpType that make all the operands types enumerated:

public class OpType |
public static final int bad
public static final int lw

In Instruction class, we define a string array to contain all the operand type string
names that are corresponding to the enumeration of OpType by the array subscripts.

final static String opnames[] ={
"",“lw",“lb","sw","sb","add","sub","mul",“div","mod“,
"and","or","not“,“ceq","cne",“clt","cle“,"cgt","cge",
“addi",“subi","muli“,"divi","modi","andi","ori","ceqi“,
"cnei“,"clti","clei","cgti","cgei","sl“,"sr","getc",
"putC" , ubzn . ubnzn , uju , njru , ujln , ujlru , nnopu , “hlt“ .
“entry","align","org","dw","db","res“

}s

Figure 5.3.3 shows class Instruction. This class is mainly functioned to display two
types of instruction (Format A and Format B) or data. The method showword() including

showfmta() and showfintb() can decide which kind of instruction or word data is shown.
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Figure 5.3.3
5.3.4. Symbols
A Symbol is a string consisting of characters: letters, digits, and _. The first character of a
symbol must not be a digit. Directives and instruction codes must not be used as symbols.
The predefined symbol topaddr is the highest legal address + 1 = 16000.

Class Symbols (Figure 5.3.4) is used for construction of a list of symbols and
provide functions for storing symbols, getting symbols, finding a symbol and validating
symbols.

The element of Symbols list is Symnode which records the name and value of a
symbol and how often it has been defined (once is correct). The Symneode also contains a
list of uses (instance of LinkedList which is from java.util package of the Java API for
implementing and manipulating linked lists that grow and shrink during program

execution), each of which contains an address where the value of the symbol is used.
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Figure 5.3.4
The constructor of Symbols is to define topaddr with method defsymbol(String name,

int Value).

checksymbols() is to check if there is something wrong about symbols.

o defsymbols() is to update a symbol that contains name and value. If it can be
found with name by findsymbol() in the symbols list, the value will be updated.
On contrast, the new symbol can be created if its name is not on the list.

o usesymbol(String name, int addr) is to add the name to the uses list at the addr
that it uses.

o getsymbolval() is to return the value of a symbol, or -1 if it doesn't exist by
iteration the link list of symbols.

o storesymbols(String name, int val) and storesymbols() are overloaded. They can

store symbols to the list.



5.3.5. Parser’
The class for parsing the source code and assembling it to the memory is Parsing
(Figure 5.3.5).
5.3.5.1. Token and TokenType
Class Token contains information of token type, token value, register number,
operation code and its position. TokenType defines in total nine types: T_BAD.
T_REG .T_OP, T_SYM, T_NUM, T_STR, T_COMMA. T_LP. T_RP, T_NULL.
5.3.5.2. Initialization
Class Parsing creates instances of Memory. Token, Symbol and Instruction. It
also makes declaration of two variables as memory table model and symbol table model.
5.3.5.3. Constructor
The text from source code editing window is transferred to the constructor of
Parsing as an argument, then it is tokenized by StringTokenizer() that will use delimiter
string”™\n\r” consisting of a newline and a return. It invokes readline() to parse string line
by line. Next, the symbols are stored in the linkedlist with the method storesyvmbols() of
Symbols. Finally, the parsed MOON program will be loaded to the simulated memory
table and symbols table by dump().
5.3.5.4. getint (), getop(), getreg( ),getshort()
e pgetini() is to make the integer value of register token or symbol token. Then it
invokes the next() to continue the parsing.
e gershort() is simlar to getint(), but it checks that the value only is stored in 16-bits.
e getop() is to parse operand code and return it.

e getreg() is to parse a register and return the register number.
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5.3.5.5. isreg() and issymchar()
o isreg(String name) is to judge if the name is a valid register.
e issymchar(char c) is to return true if the ¢ occurs in the symbol.

5.3.5.6. dump()
l. Create the instances of MemDataModel and SymDataModel representing

memory table and symbols table.

19

Create a instance of Vector as a row of memory table, and insert data to the
row.
3. Create an iterator of symbols linkedlist, then traverse it and insert data to the
row of symbols table.
5.3.5.7. match()
e match the token , if something wrong, report a syntax error.

5.3.5.8. next()

1. Get a token starting from the end of last token, removing white space(* * or ‘\t’)

between tokens.

[

If the first character of the token is a letter, read the token as register, symbol

or operand code and return it. If not, continue.

3. If the character is a digit or sign “+" or -, read following digits as decimal
integer value. If not, continue.

4. If the character is * * *, read a character string enclosed in quotes. If not,
continue.

S. Continue check if the characteris ", ‘)", *(‘, * “or “%’ and get its type of

token and value of token.

6. Continue to | until the end of one line.
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5.3.5.9. readline()

1. Ifa token is a symbol, the symbol will be defined in the symbols linkedlist.

If a token is an operand code, the corresponding operation will be given.

19

3. If there is an exceptional condition, throw the exception to handler.
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Figure 5.3.5
5.3.6. Registers

MOON has 16 registers denoted RO, R1, ..., RI5. Each register can store a 32-bit word.
At all times, RO is always 0. Registers(Figure 5.3.6) is the class for simulating the

registers of MOON. It contains an array of Integer with size of MAXREG=16 to



represent total 16 registers and three methods. Two of them are fetchreg(short regnum) to
get the value of a register, and storereg(short regnum) to set the value to a register. The
other method is runtimeerror(String message), and if some runtime error occur during the

execute the previous two methods, it will report the error to the handler.

java.lang

|
|

moon
moon Registers java.lang
I MoonExeclr ————-:i
Tp MAXREG :int
3 regs int] moon
- fetchregQ : int -'——_:

-f¥ runtimeerror() . void
- storereg : void

Figure 5.3.6

5.3.7. MoonExec

MoonExec(Figure 5.3.7) is a subclass of Thread, which is used for MOON program

execution simulation in either normal way or debugging way.



0et

e g

Mind w3y

pmn—
! Meenfree

ITmhn “ McenFang ” Reglavoie

]

':&:w:mn
b g
¥ 200 xoen

‘R 2 Do

| To zreressige Sory O

o

_’@"——';%rs e

5.3.7.1. Thread

A Java process is a preemptive lightweight process termed a thread. Java threads
make the runtime environment asynchronous, allowing different tasks to be

performed concurrently [11]. Implementing threads is achieved in one of two ways:

Implementing

java.ang.Thread class. This system uses the last one to implement a MoonExec
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Interface and  Extending

thread. The procedure for extending the Thread class is as follows:
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1. MoonExec extending the Thread class overrides the run() method from the
Thread class to define the code executed by the thread.
2. MoonExec calls a Thread constructor explicitly in its constructors to
initialize the thread.
3. The start() method inherited from the Thread class is invoked on the object of
the class to make the thread eligible for running.
5.3.7.2. Constructor
The MoonExec constructor is to:
l. Get the passing argument from MoonFrame and set its references representing
the displaying tables.
2. Set instruction counter (IC) to the entrypoint and check that it is valid.
3. Check all symbols, and if they contain errors, stop and return.
5.3.7.3. run()
This method contains the code that “does the real work™ of a thread.
I. Let thread sleep for 4 milliseconds so that system can have time to handle other
things.
2. Executing MOON instructions one by one by invoking method execinstr().
3. If it is running under debugging, it will show registers table.
5.3.7.4. execinstr()
execinstr() is to execute the instruction which is located at the address specified by IC
in the simulated memory.
1. If the memory word contains flag that indicates a breakpoint, the Pause will be

true.
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If Pause is true, it will check whether user has updated values of registers,
symbols and memory tables and do corresponding updates.
3. It fetches an instruction and according to formats(A or B) and operands codes to

do operations.

5.3.8. MoonFrame
MoonFrame is the class that provides the graphical user interface and many important
functions to make the system work. It is the main part of MOON Debugger/Simulator
that ensures that: loading and editing file, assembling source code. and running MOON
program etc. are included.
5.3.8.1. Event Delegation
GUI applications are event-driven. User interaction with the GUI results in events being
generated to inform the application of user actions. Event handling in Java is based on the
event delegation model[11]. Handling events in a GUI application, using the event
delegation model, can be divided into the following two tasks when building the
application:

e Setting up the propagation of events from event sources to event listeners.

e Providing the appropriate actions in event listeners to deal with the events

received.

The Figure 5.3.8.1 shows how events(user clicking menu ‘new’ of MoonFrame) are
delivered from the source to the listener, then MoonFrame sets jTextAreaEdir window to

blank.
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Figure 5.3.8.1
MoonFrame creates 15 inner listener classes for different GUI components event

listening. MoonFrame_menu_new_actionAdapter mentioned above is one of them.

5.3.8.2. Editor

The MOON source code editing tool is achieved by implementing Document from
javax.swing.text and JTextArea from javax.swing.JTextArea. The Document is a
container for text that serves as the model for swing text components. All documents
need to be able to add and remove simple text. Typically, text is inserted and removed via
gestures from a keyboard or a mouse. What effect the insertion or removal has upon the
document structure is entirely up to the implementation of the document. JTextArea has
a method called getDocument that fetches the model associated with the editor and
minimal amount of state required to be a text editor. The diagram of event listener of the

editor is shown in Figure 5.3.8.2.
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Figure 5.3.8.2

5.3.8.3. File
The menu “File™ has submenu items which are “New", “Load", “Save”, “Save as” and
“Exit”.

e “New™ set the Editor window content to blank and the flag(dirry) value is false
that means file is not changed up to now.

e “Load™: invoke the method of JFileChooser showOpenDialog(this), and run
defined function loadFile() to load a file from the disk. LoadFile() will create a
character array of the size of the file to use as a data buffer, into which we will
read the text data, then the text buffer will be appended to the editor window.

e “Save” and “Save as™: Invoke method saveFile() and saveAsFile() 1o save the text
in editor window to a file. The difference between saveFile() and saveAsFile() s
if the value of current file name-currFileName is null.

5.3.84. Run
Assembling successfully is required before execution of MOON program can begin. For

this reason, all the other tasks under “Run” menu should be disabled except “assemble”.
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In method menu_assemble_actionPerformed(ActionEvent e), the object of Parsing is
created. If no errors are reported by the Parsing, “Run” task can be enabled and system

will create a thread of MoonExec; In addition, “Debug” is also enabled for system to

initiate DebugFrame.

5.3.9. Debug Frame
DebugFrame(Figure 5.3.9) is a class for showing a window by which user can run and
debug MOON program, and do other utilities.
5.39.1. Constructor
The constructor of DebugFrame is DebugF rame(MoonFrame parent) that passes a
MoonFrame object and contains a method jblnit() to initialize necessary attributes and
GUI components:

1. Create registers, memory and symbols table model data and add these data to their

tables.

2. Set all the properties of GUI components including our created tables.

5.3.9.2. Table Model
With the JTable class, you can display tables of data, optionally allowing the user to edit
the data. JTable doesn’t contain or cache data; it’s simply a view of data. Every table
gets its data from an object that implements the TableModel interface[12]. Generally,
the implementation of table model is in a subclass of the AbstractTableModel class.
Java has provided an implemented table model-DefaultTableModel that can be
inherited.

This system has three tables: registers table, symbols table and memory table, so

three table models should be established. Memory table model is a subclass of
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DefaultTableModel: however symbols table model and registers table model are the
subclasses of AbstractTableModel and they have to implement methods:
getValueAt( int row, int col ), setValueAt( Object aValue, int row, int col )

getColumnCount(), getRowCount() and getColumnName(int col).
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5.3.9.3. Run,'Step, Stop and Pause

The “Run” act;on creates a thread of MoonExec, initializes registers table data and starts
of the thread. “Step” action is to set the attribute pause of the thread to false, so that it
will continue to run. In contrast to “Step”, “Pause” action sets pause to true. “Stop”
action sets running of the thread to false in order to let it terminate.

5.394. PC

DebugFrame provides the function to search memory word by Program Counter(PC)
which is also called Instruction Counter(IC) introduced before. It parses what user inputs
in the PC text input area to an integer and then lets the scroll bar jump to where the

memory word locates and highlight this row in the memory table.



Chapter 6: Conclusion

6.1. Summary

The MOON Debugger/Simulator is a system that can provide a nice friendly user
interface and where the user can edit, compile, run MOON programs; furthermore, the
user can trace execution in the debugging environment and modify values dunng
execution when the program is stopped at a breakpoint or paused by the user.

This system is written in objected oriented language Java. Java 2 platform
provides Java Virtual Machine(JVM) that enable Java program can run on any of OS
with it, and Java Application Programming Interface(API) that is a large collection of
ready-made software components to provide many useful capabilities. such as GUI
widgets.

The MOON architecture contains several components such as registers, memory
and instructions. Each of these components is represented as a class in this system. It also

provides two GUI frames derived from JFrame and other GUI components.

6.2. Future Work
This system extends the old MOON Simulator to the new MOON Debugger/Simulator

that resembles a simple and modern debugger. However, there is still much future work

to be done.

. When it loads much MOON programs to memory table and runs in debugger

frame, the display may be not correct because of the GUI components limitation

N
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4.

such as JTable space limitation (MOON requires up to 4000 rows to be displayed
in mem6ry displaying table).

Instructions may need to be reviewed and upgraded. Some instructions may cause
problem when executing in the system, such as getc and putc the effect of
running in normal or trace mode is different. In normal mode, input dialogue can
get one character that user inputs; unlike normal mode, in trace mode, input
dialogue will appear twice: for the first time, user needs input one character. and
the second time user clicks *OK’ button without inputting any character for
ending the input.

More debugging features should be added such as execute the program until
condition, and user modify memory content more easily and can do some
operations directly.

The Help information is not adequate as a guide for this system.

It is expected that most problems are solved and more functions are added in the

future. By new object-oriented and Java technology development, this system can

become a non error-prone, strong and easy-to-use system.
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Appendix A: User’s Manual

1. Starting the system

In a computer system with JDK1.2 or above installed, find the directory which
contains moon subdirectory that have all the MOON Debugger/Simulator Java

class files. On this directory, input command: java moon.MoonClass to start the

system.

2. Moon Frame Window

It has a menu bar, status bar, text editor window and output window. Menu

bar has four menu items: File, Edit, Run, Help

2.1. File

File menu has 5 items for the operations on file: New, Load, Save, Save As,

Exit.

2.1.1. New

Clear the MOON program code and ready to reload file.

2.1.2. Load

Load one file-MOON program to the system or repeat this action to load more

files to the system.



2.1.3. Save

Save modified file as current file name

2.1.4. Save As

Save modified file to a new file.

2.1.5. Exit

Close the window and exit from the system

2.2. Edit

Edit menu has 4 items for code editing: Cut, Copy, Paste, Select All.

2.2.1. Cut

Select the text with mouse and click this menu items to make the text moved to

clipboard.

2.2.2. Copy

Select the text with mouse and click this menu items to make the text copied to

clipboard.

2.2.3. Paste

Paste the clipboard content to the specified place in the editor window.

2.2.4. Select All

Make all the text in the editor window to be selected.
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23. Run

Run menu has 4 items for assembling, debugging and running MOON program:

Assemble, Run, Stop, Debug.

2.3.1. Assemble

Assemble the code from the editor window. Output window below the editor

window will output the compiling error message if the code contains error.

2.3.2. Run

If code is assembled correctly, clicks this item can execute this MOON program

and output the result to the output window.

2.3.3. Stop

During the execution, user can stop it immediately.

2.34. Debug

Bring a new Debug frame window
3. Debug Frame Window

Debug Frame window has three tables representing memory, symbols, registers,

and several buttons, output text window, status bar

3.1. PC



3.2

3.3.

34.

3.5.

3.6.

3.7.

3.8.

It includes a text input area and an ‘OK’ button. User can input a number within
0~15§99 as the Program Counter(PC) in the input area and click *OK" to locate

and display this memory word in the memory table.

Run

Click ‘Run’ button to execute the code, output the result in the output window,

and display the variances of registers and memory on their table.

Exit

Close this Debug Frame window.

Set/Clear Breakpoints All

Click this button to toggle Set/Clear all the breakpoints for the instructions of

this program in the memory table

Step

Click this button to make the program continue to execute to the next breakpoint.

Pause

Click this button to make the program execution pause at this point.

Stop

Click this button to make the program execution stop and PC reset to the 0.

Tables



There are three tables: memory, symbols and registers.

3.8.1. Memory Table
Memory table is located below the text ‘Memory'. It has 5 columns:
Breakpoints - a checkbox that user can check or uncheck to set or clear the
breakpoint for this instruction.
PC - it indicates the Program Counter(PC)
Word - it shows the memory word in Text(ASCII).
Word-Hex - it shows the memory word in Hex.

Word-Dec - it shows the memory word in Decimal.

3.8.2. Registers Table

Registers table is located right of the text "Registers’. It has 4 columns:
No. — it shows the register sequence number.

Dec. - it shows the value of the register in Decimal.

Text - it shows the value of the register in Text(ASCII).

Hex - it shows the value of the register in Hex.

3.8.3. Symbols Table

Symbols table is located below of the text *‘Symbols’. It has 3 columns:
Name - it shows the name of the symbol.

Value. — it shows the value of the symbol.

3.8.4. Used At - it shows where the symbols appears.

60



Appendix B: Source Code

‘Memory.java

cx®

L ]

A word of memory rontains anoanstructien (A or B foraar, four bvtos,

= or a4 32-bir signed nteger.  The simulated aemory SOoeentaias two

* flags, to tell shether the aond contalos an instructico ad whether

®

it 1s a hreakpoint

*

L3

The: simithated memsrs is an array of fonr byte words,

Lessa S e

addresses ate bvie abtiesses. Consequentls, all

% W

shitted right 2 bros before benge used. Only the woaes w Wil

*

should hnow abont this, Conventionally, 13 a bt ableess

« and 15 a oword aebicess.

®

# Fach component of the pegory arriav conratns:

« - worsd: e contents of stoslat-3 geoory.

* cont : ‘a7 formet A nstruction

« 0 tormet Bonstruction
* Y data

* '-' - tiade £ tied

* Lreshpoant Triee 1f this s a3 breghpoint,

®

package moon:
import javax. swing. JOptionPane.
public class Memory -
Memory Siee
final static int MEMSIZE = 1000:
Mem mem{} = new Mem MEMSIZE::
int ic: #lustruction Conter: contaias adkdress of mastrestion
that will be exevuted pext,
WordType ir = new WordTvpe(): *insrruction tedisters conlfaius the instruction
thoat will bie execnted nest, *
int mar; emory address register, stores aord 2iiress ot LSt aceess ok

WordType edr = new WordType () s\Memory data rogisio ®

int entrypoint = -1; “#*Address ol Pirst tnstructior =
String errormessage = new String():

Instruction ins = npew Instruction():

* Constract (Initralize) the aemorv: valoe-zeto, huvl-und

no breakpoint.
€ Set “hardware” addresses rooan thlegal value
Ny
public Memory() !
int wordaddr:
for (wordaddr=0; wordaddr<MEMS[ZE: wordaddr~+} {
Mem amem = new Mem():
amen. word. set _data(0);
amem. cont = 'u’
amem. breakpoint = false:
mem’wordaddr. = amem:
ic = -L;
mar = -1;

!
#Repott o e Uime crror @8 an dHegal address 1 usedo®
boolean outofrange(int addr) {

if (addr<0 |l(addr »2) > MEMSIZE) |

6l



runt imeerror ( “address error”):
return true;’

}
return false:

*Reputt A run time srror 10 A meaory word decess [y ot ona
= four bvte boundars. *
boolean misaligned(int addr) 1
if ((addr & 3)'= 0) {
runt imeerror (“alignment error”);
return true:
return false:
«Tereh the tostruction at ~ic., stare £t oan i, and tnorement
short fetch()
char cont:
if (outofrange(ic))
ir. set_data(0);

return 0;
i
cont = mem! (ic>>2) . cont:
if ("(cont=="a’ |} cont == "b"))

runt imeerror ("1 llegal instruction”):
1r. set _data(0);
return 0:

1

ir. set_data(mem’ic™>2]. word. get_data(}):
ic «= 1
return (short)cont;

xCeren o odata word tfrom memory and retara ot ®
int getmemword(int addr) |
int wordaddr:
if (outofrange(addr) i misaligned(addr))
return 0:
wordaddr = addr >> ¢:
if(wordaddr '= mar) |
mar = wordaddr;
mdr.set_data(mem[worddddr}.word.gct_data());
return ndr. get _data();
% Ntoge oL wotd 1o memory. *
void putmemword (int addr, int data) throws Exceptioni
int wordaddr;
if (outofrange (addr) [! misaligned(addr))

return:
wordaddr = addr >> 2:
if (mem wordaddr].cont == "a’ || mem{wordaddr}. cont == "b") !

runtimeerror (“overwriting instructions”):
return:

mdr. set_data(data):

mar = wordaddr;

memimar]. word. set_data(mdr. get _data()};
gemlmar). cont = "d’;

return;

® peteh o hyte trow @emory. *



byte getmembyte (int addr) f{
int wordaddr = addr >> 2:
short offset = (short) (addr & 3):
if (outofrange(addr)) return 0:
if (wordaddr '= mar) {
mar = wordaddr:
mdr.set_data(mem[mar].vord.get_data()):

return (mdr. get_byts()) {offset]:
|

& Store o bvte in memory., ¥
void putmembyte (int addr, byte byt) throws Exception !
int wordaddr = addr >> 2:
short offset = (short) (addr & 3):
if (outofrange(addr)) return:

if (mem wordaddr].cont == "a’ I men wordaddr . cont == "b')
runt imeerror(“overwriting instructions’):
return:

men wordaddr.. word. set_byts((byte) (bvt & 233), of fset) :

mem -wordaddr!.cont = "d’;

& Store an tnstructpon o mesers, Daed onlv by loader. *
void putmeminstr{int addr, WordType word, char cont) throws Exception:
if ((addr & 3)'=0)
throw new Exception( alignmsnt ervor”):
else !
int wordaddr = addr>2:
mem:wordaddrf.word.set_data(wordAget_data()).

mem wordaddr:. cont = cont;:

z<n4~.|dunwrﬂ‘anmnn,ESWIMdvhvlmubn =
void putmemchar (int addr, byte byt, char cont) ¢

int wordaddr = addr>> 2.

gem wordaddr | word. set_byts((byte)byvt, addrdd):

mem wordaddr,. cont - cont;

“feport oorun tige crror el stop the program. *
void runtimeerror(String messag?) {
MoonExec. errormessage = ~Run-time errer:. ¢ message;

Parsing.]éva

®'arsing*
package moon:

import java.util.*:
import javax. swing. JOptionPane:

public class Parsing !
String message = new String():
Memory memory = new Memory () :
private Token token= new Token():
private String oldval:
String errmes = new String():  *Error message®
private static int ervorcount: \umber of errors detected. ®
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private static int count;
private int bci=0; ,sBuffer character index*
private String buffer:
“'Svabels
Svmbols svm = new Symbols{(memory):
private int addr = 0:
private int linenum = 0.
private Instruction ins= new Instruction():
“Define Memory table data
MemDataModel ad:
‘Dotine Svabols talbe data
SvmDataModel sd;
public Parsing(String s){
errorcount = 0;
CTokentsed the Meon seuree code by string
StringTokenizer tbf = new StringTokenizer(s, "\n\r");
int i=0:
while (tbf. hasMoreTokens()) !
buffer = thf. nextToken() .
linenum-+;
readline():
bc1 = 0;

Store the svicbols ta o Tinklist
try!
svin. storesymbols();
!
catch (Exception e}
message += "Runtime Error:” = e - "\n7:

“dump the memorsy and svmbols 1o the tobles
dump() :

»
h

«Record g errer (or reporting Later =
void svntaxerror(String mssg) |
errorcount*+;
errmes = "Error at: *7 « oldval + 7 7 - tohen. svmval
¢ 7' 7 + mssg + \n” « String. valueOf (linenum)
« 7 " . buffer - “\n":

¥Tpe 10 chonacter can oceur in g symhole
boolean issvmchar(char ¢) |
return (Character. isLetterOrDigit(c) 1! c¢=="_"):

wlrue 1t the string is a4 valid register nume. *
boolean isreg(String p) |
int regnum =0
char c=0;
if (p. length()<=0) return false:
if ('(p.charAt(0)=="R" {{ p.charAt(0)=="r")) return false:
for (int i=1:i<p. length();i-~) !
if (Character. isDigit (p. charAt(i)))
regnum = [O*regnum - Character. getNumericValue (p. charAt(i)):
else return false:

»

if {regnum < Registers.MAXREG) i
token. reg = regnum;
return true;

else |
syntaxerror(”[llegal symbol”):

64



return false:
‘ .

}

& Read o token and sture appropriate salues in the class ‘tohen’.
* For crrer reparting, the token repesenting the string anst he Tett
* in Jtoken. symval’.
E
void next() i
char{] ch = new char{100:;
int op:

oldval = new String(token. svmval):
token. svaval = new String():
for(:bci<buffer. length() :bci-~) !

if (buffer.chardt(bci) == "}l buffer.charit(bei}=="\t")
continue;

else break:

token. pos = bci:
if (bci < butfer. length(O} ¢
T the Drist chor o the teken os letter, g
if (Character. islLetter(buffer. charAt(bci))) |
Read o pegister, ap colde, directive, or syaboel
for(;bci-butter. length() ;bci-+) |
if (issvmchar(butfer. charAt(bei)))
token. svmval <= buffer. chardt(bct):
else break:
3
if (isreg(token. svaval))
token. kind = Tokentvpe. T_REG;
return:
i
for (op = OpType. lw; op < OpType. last: op+*)
if (token. svaval. equals(Instruction. opnamesiop.))
token. op = op:
token. kind = Tokentvpe. T_OP;
return;

token. kind = Tokentvpe. T_SYM:
return:

else if (Character. isDigit (buffer. chardt(bci)) 1! buffer.chardt(bci}=
i1 bufter. charAt(bei)=="+" ){
= Head o osigned dectmal integer *.
token. symval -= buffer. charAt(bci):
beise;
for (;beci<buffer. length( ;bci~r)
if (Character. isDigit (buffer. charAt(bci)))
token. symval -= buffer. charit(bci):
else break:
\
token. intval = Integer. parselnt (token. symval):
token. kind = Tokentvpe. T_NUM:
return:
else if (buffer.charAt(bci) == """} |
* Read 4 chatacter string enelused 1o quotes
beire;
for(:bei<bufter. length() ;beirs) 1
if (buffer.charAt{bci) == "7") |
token. kind = Tokentvpe. T_STR:
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bei+-;
break:
; .
cxno T T found*
if (bci==buffer. length()) {
token. kind = Tokentype. T_BAD:
svataxerror ("unterminated string”):

break:
}

token. symval -= buffer.charat(bci):

return;
]
else if (buffer.chardt(bci) == ",7)
beie+;
token. kind = Tokentype. T_COMMA;
token. syoval = new String(",”):
return;

else if (buffer. chardt(bci) == "()
bciev:
token. kind = Tokentype. T_LP:
token. symval = new String( () :
return;
else if (butfer.chardt(bci) == "))
beiee;
token. kind = Tokentype. T _RP:
token. syaval = new String( "17);
return;

else if (buffer. charAt(bct) == "% buffer. chardt{bci)=="\r") |
token. kind = Tokentvpe. T_NULL:
token. svoval = new String(® 7).
return;
else {
token. kind = Tokentype. T_BAD:
token. svoval = new String(” )

else ¢
token. kind = Tokentype. T _NULL:
token. syaval = new String(" 7):
return:
!
e Mateh o tokhen «f
void match (int kind) !
if (token. kind == kind) {
next();
return;
}
switch (kind) ¢
case Tokentype. T_COMMA:
syntaxerror(”"," expected”);
break:
case Tokentvpe. T_LP:
syntaxerror(” (" expected”):
break:
case Tokentype. T_RP:
syntaxerror{” )}’ expected”);
break;
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default:
syntaxerror{ Syntax error”);

break: °

« Paprse an opeade. The error shauld acver accur. stace thiis funcrion
* i< ealled oulv when the token type is hnown.
.
int getop() !
if (token.kind == Tokentvpe.T_OP) i
int res = token.op;
next () ;
return res;
svntaxerror (“Opcode expected”)
return 0.

® Par<e a register and return the registsr nunher ®
int getreg()t
if (token.kind == Tokentype.T_REG)
int res = token.reg:
next Q) .
return res;
svntaxerror{“Register expected”):

return 0:

& Parse o constant onnmber op svmbol) aned retarn valne =
int getint (int addr) !
if (token.kind == Tokentype. T_NIM) !
int res = token. intval;
next () :
return res;
else if (token kind == Tokentvpe. T_SYM)
svm. usesvabol (token. syaval, addr):
next ()
return 0:

svitaxerror ("Censtant expected”) ;
return O:

.

* Similar to getinrii. bur chechs that trs value can be stovad
€ in 1o bits,
.
short getshort{int addr) |
short val = (short)getint(addr):
if (Math. abs(val) <= 32767)

return val:
svntaxerror(“Value cannot be represented with 16 bits™):

return 0:

* Parse one line of somrce eade from the bufter. =
void readline ()

int c:

WordType word = new WordType():

word. set_data(0);

next () ;
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while (token.kind == Tokentype.T_SYW) {
sym. defsymbod (token. symval, addr)
next () ; :
}
try !
if (token. kind == Tokentype.T_OP) {
switch (token.op) i
® Farmar 3 rogistors only *
% Operands Ri. R), Rk =
case OpType. add:
case OpTvpe. sub:
case OpType. mul:
case OpTvpe. div:
case OpType. mod:
case OpType. and:
case OpType.or:
case OpTvpe.ceq:
case OpTvpe.cne:
case OpTvpe.clt:
case OpTvpe.cle:
case OpType.cgt:
case OpType. cge:
word. set_fmta_op(getopQ)):
word. set_fmta_ri(getreg());
match (Tokentvpe. T_COMMA) ;
word. set _fota_rj(getreg()):
match(Tokentype. T_COMMA) ;
word. set_fmta_rk(getreg()):
megorv. putmeminstriaddr, word, "a’):
addr += 1:
break:
® Oporands B, Ry o«
case OpType.not:
case Oplype. jlr:
word. set_fmta_op(getop()):
word. set_fmta_ri(getreg());
match(Tokentvpe. T_COMMA) ;
word. set_fmta_rj(getreg(i):
gemory. putmeminstr(addr, word, "a’):
addr = 1
break:

« \a operdnds
case OpTvpe. nop:
case OpType.nlt:
vord. set_fmta_op(getop()};
gemory. putmeminstr{addr, word, 'a'):
addr = 1,
break:

* Format B operands and constant ticlds =7

*® Opericelds Rio KR =
case OpType. lw:
case OpTvpe. lb:
word. set_tmtb_op(getopQ):
word. set_fmtb_ri(getreg()):
match(Tokentype. T_COMMA) ;
word. set_fmtb_k(getshort (addr));
match(Tokentype. T_LP);
word. set_fmtb_rj(getreg()):
match(Tokentype. T_RP);
memory. putzeminstr(addr, word, 'b'):
addr = L;
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break:
* Operands K(Rj), Ri *
case OpType. sw:
case OpType. sb:
word. set_fatb_op(getop()):
word. set_fmtb_k(getshort(addr));
match(Tokentype. T_LP) :
word. set_fmtb_rji{getreg(}).
match(Tokentype. T_RP) :
match(Tokentvpe. T_COMMA) ;
word. set_futb ri{getreg());
memory. putmeminstr(addr, word, 'b"):

addr -= 1;
break;

= Operands R, Rj, Ko
case OpType. addi:
case OpType. subi:
case OpTvpe.muli:
case OpType. divi:
case OpType. modi:
case OpTvpe. andi:
case OpType.ori:
case OpType.ceqti:
case OpType.cnet:
case OpType.clti:
case OpType.clel:
case OpType.cgti:
case OpType. cgel:
word. set_fmtbh_op(getop()):
word. set_fmtb_ri(getreg()):
match(Tokentype. T_COMMA) ;
word. set_fmth_rj(getreg());
match(Tokentype. T_COMMA) ©
word. set_fmtb_k(getshort (addr));
memory. putmeminstr{addr, werd, "b');
addr «= 1,
break:

x i roneds Ky no*
case OpTvpe.sl:
case OpType.sr:
case OpTvpe.bz:
case OpType. bnz:
case OpType. jl:
word. set_fmtb_op(getop()):
word. set_fatb_ri(getreg()):
match(Tokentvpe. T_COMMA) :
word. set_futb_k(getshort(addr));
memory. putmeminstr{addr, word, "b'):
addr = 1
break:

= Operands Ry o«

case OpType. gtc:

case OpTvpe. ptc:

case OpType. jr:

word. set_fmth_op(getop(}));
word. set_fmtb_ri(getreg()):
memory. putmeminstr(addr, word, "b');

addr -= |;
break:
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* Operands h *
case OpType. j:
word. set_fmtb_op(getop()):
word. set_fmtb_k(getshort{(addr)):
memory. putmeminstr{addr, word. "b’):
addr «= i
break:

* Set the entry point of rthe program. *
case OpType.entry:
next();
if (memorv. entrypoint < 0) !
memory. entrypoint = addr;
break:
svataxerror ("Mare than one entry point”):
break:
€ Adgust the abiress o the next word boundary. *
case OpType. align:
next();
if ({addr & 3)'=0)
addr = (addr & 73) -« 1;
break:

* St the address to the given valoe =
case OpType.org:

next O ;
addr = getint(addr)
break:
® Store woyrlds, =
case OpType. dw:
next () ;

while (token.kind == Tokentype. T_NUM i token. kind == Tokentype. T_SYM}
word. set _data(getint(addr)):
megory. putmeminstr(addr, word, "d’)}:

addr -= 1,
if (token. kind == Tokentype. T_COVMA)
next ()
else
break:
break:
c® Store bytes =
case OpType. db:
next();
while (true) !
if (token.kind == Tokentype. T_NUM) |

if ((0<= token. intval) & (tcken. intval <= 253))
memory. putmemchar (addr, (byte) token. intval, 'd'):
addr--:

else
syntaxerror(“Value cannot be represented with & bits”);

next (J ;

}

else if (token kind == Tokentype. T_STR)
String t = new String(token. symval):
byte’] byt = t.getBytes():
for(int 1=0:i<byt. length;ir+) ¢

memory. putmemchar (addr, byt[il, "d'):
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addr+-;

. b
: next{):
t
if (token.kind == Tokentvpe. T_COMMA)
next () :
else if (token kind == Tokentype. T_NULL)
break:
else ¢
syntaxerror (“Syntax error in byte list™):
break:
1
break:

* Reserve the given wmhor of sords, *
case OpType. res:

next () ;
addr -= getint(addr):
break:
,* Should never 2ot hore, *
default:
syntaxerror (“Unrecognized statement”);
break:

rcatch (Exception e) !
message *= “Runtime Error:” - String. valueOf (memory. ic) -7 7 e. getMsssage():
!
if (token. kind '= Tokentvpe. T_NULL && errorcount < 3) !¢
message += “Warning: junk tallowing ~ « ~'7 « token.symval + “"\n”
message *= String valucOf(linenum) «° ° « buffer - “\n";
errorcount =+;

void dump()

String word;

od = new MemDataModel () ;

sd = new SymDataModel () ;

if ('errmes.equals("7)) return:

try |{

for (int i = 0:;:i<(Memory. MEMSIZE<<2):1 «=1)

word = ins. showword(i,memory) :
Vector row = new Vector(3):
row. addElement (new Boolean (memory. mem{i>>2}. breakpoint)):
row. addElement {Integer. toString(i}) ;
row. addElement (word) ;
row. addElement (Integer. tollexString (memory. mem_i>>2 . word. get_data())):
row. addE lement (Integer. toString(memory. mem’i>>2]. word. get_data())):
nd. addRow (row? ;

row = null:
1
}
catch (Exception e) {
message += “Runtime Error:” - e » "\n”;
return;
}

Displav all symbols and thear uses.
Listlterator sl = sym. symbols. listIterator();
Symnode p:
int i = 0;
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while (sl.hasNext(})) |
p = (Symnode)sl.next();
sd. setValueat {p. name, 1,0);
sd. setValueAt (Integer. toString(p. val). i, 1):
ListIterator ul = p.uses. listlteratorQ:
String s = new String():
while(ul. hasNext())
s += String. valueOf (ul. next )) -°,
sd. setValueAdt(s,i,2);

ies;

void memupdate() 1

String word;

if (lerrmes.equals(”")) return:

try ¢

for (int i = O;i-Memory. MEMSIZE:"2:1 -=1)

word = ins. showword(i, memory);
ad. setValueat (word, i>>2,2);
od. setValueAt (Integer. tollexString (memory. mem 12 word. get _data(}}), 1>°2,3);
od. setValuedt (Integer. toString(memory. mem i™>2 . word. get_data()), i>>2.4);
word = null;

catch (Exception e) 1
message - ~Runtime Error:” + e  "\n";
return;

MoonExec.java

£ baecution «

package moon;

import javax. swing. =,

import javax. swing. event. *;
import javax. swing. JOptionPane:

import java. awt.*;
public class MoonExec extends Thread:

short newreg:  *iddtess of & register that has changed =7
int newmem: #Xddress of o meaory locotion that has changed=
boolean rumning:; *Vruc is the processer os runming, False after crrars *
private Registers register = new Registers(): = [otal rexisters(i6)«
RegDataModel rd = new RegDataModel () :
If error ocours, theow an Fxception and cutpr the crrormessa
static String errormessage = new String():
private [nstruction ins = new Instruction():
private boolean debug:
private Parsing ps:
private MoonFrame mf:
private DebugFrame df:
boolean pause:
private int ic: . [estruction Caunter
private int rowlnit; seroll bar taerement anae

count the tnpnt data byte by bvte.
private int charcount:

wete inpt data string
private String data:



Constructor
public MoonExec(MoonFrame nf, boalean debug) {
running = trué:
pause = false:
this. debug = debug:
this.of = af:
this. df = af.df;
this. ps = af.ps:
Set 1e Ta entrvpoint
ps. memory. ic = ps.memory.entrypoint:
(et the seroll bar tacrewent value.
if (df'=oull)
roslnit = df. bar. getUnitIncrement (1) :
1f there ts no entrvpaint for the Youn eode, stop:
if (ps.memory. ic<0) ¢
JOptionPane.shochssageDialog(null.'There is no “entry' directive.\n’,
“Error °, JOptionPane. ERROR_MESSAGE) :
running = false:
setMenuEnable (false) :

Chiek all the svmbols, of thers 1s crrors. stogp
String symerr = ps. syd. checksvmbols();
if('svmerr. equals(™™)) {
JOpt ionPane. showMessageDialog(null, symerr - “\n”,
“Error 7, JOptionPane. ERRUR_MESSAGE)
running = false:
setMenuEnable(false) :

public void run()
Ruming tnitialize
of. jTextAreaROut. setText (%)
setMenuEnable(true!:
at. statusBar. setText ("Runntng. .. "):
if (debug) !
Betore tnnntad the eode, mahe sure 1f <5er fes setun bregapoint or
chipeed e vaaiies ot pegisters and svabols
valueChanged() ;
dt. jTextAreaOut. setText (77):

boite the postom tions, LU tumeng falser srop

while(running)
Lot this threel sheep for o shile, se that user can do swethiing.
try ¢
Thread. sleep(1):
- catch (InterruptedException e) {1
setMenuEnable (true) ;
try |
execinstr();

catch (Excepticn e) |
running = false:
JOplionPane.showMessageDialog(null.String.valueOf(ps.memory.ic) +* 7+ e getMessage()
“Runtime Error °, JOptionPane. ERROR_MESSAGE) .
setMenuEnable (false) :

Sisplay the chamge of the registers diata
if (debug) ¢
if (newreg>=0)
showreg(newreg) ;
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setMenuEnable(false) :
nf. statusBar. setText ("Stopped”) :

Execute the instraction at address.ics.
void execinstr() throws Exception {
int addr, wl, w2, k, rk, c:
ic = ps.memory. ic:
Clech the breakpoint, 1f it 1s true, then progvam will pause here,
if (ps.memory.mem(ic>>2]. breakpoint)
pause = true:
“Highlight the executing instrocticn in the ormory table.
if (debug):
df. bar. setValue (rowlnit*((ic>>2) - 3)):
df.jTableMem.setRowSelection[nterval(ic>>2.ic‘“i):

When the progran pwses, user can cloage the register and ssmbal values
while (pause)
valueChanged () ;
if ('running) break:
Vove mext instruction to i,
short cont = ps.memory. fetch();
byte ch:
[+ execution Phnds crror, thros an exceplon then staps.
if ('MoonExec. errormessage. equals(”7))
throw new Exception(MoonExec. 2rrormessage) :
newreg = -l
newmem = -1;
switch((char) cont)
xFormat A tnatructions aith reZistor o operands,
case 'a':
switch ((char)ps.memory. ir. get_tmta _op()) ¢
* bt Ri, #). Hax
case OpTvpe. add:
register. storereg((short)ps. memory. ir. get_fmta_ri(),
register. fetchreg((short) ps. memory. ir. get_fmta_rj()j -
register. fetchreg((short) ps. gemory. ir. get_fmta_rk())).
newreg = (short)ps. memorv. ir. get_famta ri():
break:
=t Ko, R, Rh *
case OpType. sub:
register. storereg((short)ps. megory. ir. get_futa_ri(Q),
register. fetchreg((short)ps. memory. ir. get_fmta_rjO)) -
register. fetchreg((short)ps. memory. ir. get_fmta_rk()}):
newreg = (short)ps.memory. ir.get_fmta_ri():
break:
wamul Ri, Ry, Rk #
case OpType. mul:
register. storereg{(short)ps. memory. ir. get_fmta_ri{),
register. fetchreg{(short) ps. gemory. ir. get_fmta_rjO: =
register. fetchreg{(short) ps. gemory. ir. g2t_fmta_rk();:
newreg = (short)ps.memory. ir.get_fata_ri():
break:
=iy Ri, Ri. Ha =
case OpType. div:
rk = register. fetchreg((short)ps. memory. ir. get_fmta_ra'));
if (rk==0) throw new Exception(“error: division by zer2"):
register.storcreg((short)ps.memory.ir.get_fmta_ri().
register. fetchreg((short) ps. memory. ir. get_fmta_rj(, rk):
newreg = {(short)ps.memory. ir. get_fata_ri();
break:

wpeed Ry, Ry Raos
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case OpType.mod:
rk = register. fetchreg({short)ps.memory. ir. get_fmta_rk(}):
if (rk==0) throw new Exception{ error: modulus with zero operand’);
register. storereg((short)ps. memory. ir.get_fata_ri{),
register. fetchreg((short) ps. memory. ir. get_fmta_rj()) % rk):
newreg = (short)ps. memorv. ir. get_fmta_ri():
break:
~xand Ri, Ry, Ra(32 biv logieal ANDD *
case OpType.and:
register. storereg((short)ps. memory. ir.get _tzta_ri()
register. fetchreg((short) ps. memory. ir. get_fmta_rjQ)) &
register. fetchreg{{short)ps. memory. ir. get_fata_rk(})):
newreg = (short)ps. memory. ir. get_fmta_ri():
break:
xor Ri. Ra. RR(3Z bt logieal ORY %
case OpType.or:
register. storereg( (short) ps. memory. ir. get_tmta_ri()
register. fetchreg((short) ps. memory. ir. g2t _fmta_rj(})
register. fetchreg((short) ps. memory. ir. gzt _tmta_rk())).
newreg = (short)ps.zemory. ir. get_fmta_ri().
break:
*ceq Ri, Rj. RR (R Rh?y =
case OpTvpe. ceq:
if ( register. fetchreg{(short)ps. memory. 1r. g=t_fumta_rj{))
== register. fetchregt (short) ps. memory. 1r. get_fota_rk{)))

c =1
else c = 0,
register. storereg( (short) ps. aemory. ir. get_tata ri(),c):
newreg = (short)ps.memorv. tr. ge=t_tmta_ri(, .
break:
«cpe Ri, Ry, RhaRiD WY o«
case OpType.cne:
if ( register. tetchreg((short)ps. memory. 1r. gt _fmta_rj(i)
': register. fetchreg({short) ps. memory. 1r. get_fata_rx()))
[
else ¢ = 0
register. storereg (short!ps. memory. ir. get _fata ri(),c):
newreg < (short)ps. memory. ir. get_tmta_ri().
break.
®:1t Ri, Ky, Ri =
case OpTvpe.clt:
if ( register. fetchreg( (short!ps. memory. 1r. get _fmta_rju))
« register. fetchreg({short)ps. mesory. :r. get_fmta_rk(})))
c =1
else c = 0;
register. storereg({short)ps. memory. ir.get_tmta_ri(),c}:
newreg = (short)ps. memory. ir. get_famta_ri();
break:
‘wcle Ri, Ry, Ri =
case OpType.cle:
if ( register. fetchreg((short)ps. memory. ir. get_fmta_rj())
<= register. fetchreg((short)ps. memory. ir. get_fara_rk()))
c = 1;
else ¢ = 0;
register.storereg((short)ps.memory,lr.get_fm!a_ri().c);
newreg - (short)ps.memorv. ir. get_fmta_rit!:
break;
*®-gt Ri, Ry, Rk =
case OpTvpe.cgt:
if ( register. fetchreg((short)ps. memory. ir. get_fumta_r)())
> register. fetchreg((short)ps. memory. ir. get_tmta_rk()))

else c = 0



regisler.storereg((short)ps.memory.ir.get_fmta_ri().c):
. newreg = (short)ps.memory. ir.get_fmta_ri():
break:
wege Ri, Rj, Rk *7
case OpTvpe.cge:
if ( register.fetchreg((short)ps.memory.ir.get_fmta_r;())
= register. fetchreg((short)ps. zemory. ir. get_fmta_rk()))
c =1
else c = 0:
register.storereg((short)ps.memory.ir.get_fmta_ri().c):
newreg = (short)ps. memory. ir.get_fmta_ri{);
break:
enot Ri, Rjt32 bit comploment)=
case OpType. not:
if ( register.fetchreg((short)ps.memory.ir.get_fmta_rj())==0)
register.storeregi(short)ps.memory.ir.get_fmta_ri().i);
else
regisrer‘storereg((short)ps.memory.ir.get_fmta_ri().O):
newreg = (short)ps.memory. ir.g=t_fmta_ri();
break:
=5lr Ri, Ry (luop to register and bina) e
case OpType. jlr:
register.szorereg((short)ps.memory.ir.get_fmta_ri().ps‘memory.ic):
ps. memory. ic = register.fetchreg((short)ps.memorv.ir.get_fmta_rj());
newreg = (short)ps. memorv. ir.get_fota_riQ:
break:
e
case OpType. nop:
break:
Cxhie
case OpTvpe. hlt:
running = false:
if (debug)
df. statusBar. setText ("Fintshed”);

else
of. statusBar. setText ("Finished”);
break:
break:
ot B olnstruet tons bave o 16 bt rmmediate operond. =
case b’ :
break:
}
}

CShow all the registers

public void showreg(short regnum) {
char charbuf(} = new charl4l:
WordType word = new WordType(}:
word.set_data(register.fetchreg(regnum));
rd. setValueAt (String. valueOf (word. get_data()), regnum, 1) :
rd. setValueAt {ins. wordtochars(word), regnum, 2) ;
rd.setValueAt([nleger.toHexSlring(word.get_data()).regnum.3);
df. jTableReg. repaint () ;

void valueChanged()
String regValue, symValue:
int intRegValue;
Get the chamged valies troa the register table, and vpdat- cotrespondant registe:s
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for (int i=0;i<Registers. MAXREG:i++) !
try { .
regvalue =" (String) rd. getValuedt (i, 1} :
if (regValue == nullilregvalue. equals(""))
regValue = 707;
intRegValue = Integer. parselnt (regValue) :
regiszer.storereg((short)i.intRegValue):
icatch (NumberFormatException e) !
JOpt ionPane. showMessageDialog(null. e,
“Runtime Error ~, JOptionPane. ERROR_MESSAGE):
rd. setValueAt (707, i, 1) :

get breehpoint ntformation amd set it the menery
for (int i=0:i<Memory. MEMSIZE:1+*)
if (ps.memory.mem i:.cont'="u") !
boolean breakpoint = ((Boolean)ps.md.getValueAt(i.O)).booleanValue();
ps. memory. @mec’ i .. breakpoint = breakpoint:

Update: Symbols
int intSvmValue:
for (int i=0:1%ps. sd. getRowCount () -1;1°*)
symValue = (String) (ps. sd. getValueAt (i, 1))
if (symValue == null! ! symValue. equals(™"})
symValue = 707:
try -
ntSvmvalue = [nteger. parselnt (symValue);
ps.svm.storesymbols((String)(ps,sd.ge(ValueAt(x.O)).1n[SymValue);
»catch (VumberFormatException e)
JOpt ionPane. showMessageDialog(null, e,
“Runtime Error °, JOptionPane. ERROR_MESSAGE) :
'
catch (Exception e)
JOptionPane.showMessggeDialog(null,e.
“Runtime Error ", JOptionPane. ERROR_MESSAGE) :

b
Vbt ment s
ps. memupdate ()

'

!

Set menit and rts sabmenu 1tems able or disahle to have funerions
public void setMenuEnable(bcolean start)
if (start)
if (debug)!
df. jButtonPause. setEnabled (true):
df. jButtonRun. setEnabled(false):
dt. jButtonStop. setEnabled(true):
df. jButtonStep. setEnabled(true):

else |
of. menu_assemble. setEnabled(false)
uf. menu_debug. setEnabled(false) .
uf. menu_runstart. setEnabled(false) :
of. menu_runstop. setEnabled(true):

else !
if (debug) '’
df. jButtonPause. setEnabled (false)
df. jButtonRun. setEnabled(true) .
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\on

df. jButtonStop. setEnabled(false):
df. jButtonStep. setEnabled(false) :
) .
else {
of. menu_assemble. setEnabled(true) :
nf.menu_debug. setEnabled(true):
of. menu_runstart. setEnabled(true) :
of. menu_runstop. setEnabled(false) :

MoonFrame.java

Lroeram code e diting, asse ah g and ranming G0

package moon;

import
import
import
import

java. 1o, *;
java.util. *;
java. awt. x;

Java. awt, event. ¥
JAVAX. SWING. *;

import

import javax. swing. table. =
import javax. swing. border. *;
import javax. swing. text. *;

import javax. swing. event.®;

Maon GEHT

public class MoonFrame extends JFrame :
JPanel contentPane;

JMenuBar menu_moon = new jMenuBar():

JMenu menu_file = new JMenu():

JMenultem menu_exit = new JMenultem():
JMenu menu_help = new JMenu():

JMenulten menu_about = new JMenultem():
JLabel statusBar = new JLabel ()
IScrollPane jScrollPancEdit = new JScrollPane():
JScrollPane jScrollPaneROut = new JScrollPane():
TitledBorder titledBorderl:

JMenultem menu_new = new Menultem():
IMenulten menu_load = new JMenultem():
JMenultem menu_save = new JMenultem():
IMenultem menu_saveas = new JMenultem():
JMenultem menu_lang = new JMenultem() ;
JMenu menu_edit = new fMenu():

JMenulten menu_cut = new JMenultem():
IMenultem menu_copy = new JMenultem():
JMenultem menu_paste = new JMenultem():
IMenultem menu_selall = new JMenultem():
JMenu menu_run = new JMenu():

IMenulten menu_assemble = new JMenultem():
JMenultem menu _runstart = new JMenulten():
JMenultem menu guide = new JMenultem():
JMenulten menu_runstop = new JMenultem():
Border borderl:

TitledBorder titledBorder?:

JFileChooser jFileChooser! = new JFileChooser():
TitledBorder titledBorder3;

TitledBorder titledBordert;
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private Point loc:
String currFileName = null: Full path with filenwe. null means new unt it led
boolean dirty = false; True means modified text.

JTextarea jTextAreaEdit = new JTextdrea():

Document documentl;

String text = new String(""):

Parsing ps:

MoonExec exec:

JTextArea jTextAreaROut = new JTextarea();
Menultem menu_debug = new Menulten():
GridBaglavout gridBaglavoutl = new GridBaglLayout () :

Debugframe df
wx(onst ey the {roame*
public Moonframe ()
enableEvent s (AWTEvent. WINDOW_EVENT MASK) :
try
jbinit Q)

catch(Exception e}
e.printStackTrace():

et omponent tntialioatens

private void Jblnit{) throws Exception
contentPane = (JPanel) this. getContentPane ()
titledBorder!l = new TitledBorder (™)
borderl = BorderFactory createMat teBorder (1, 1, I, 1. Color. white)
titledBorder? = new TitledBorder(""):
titledBorder3 = new TitledBorder("")
titledBordert = new TitledBorder(™"):
documentl = jTextAreaEdit. getDocument () :
contentPane. setLavout (gridBaglayoutl);
this.serDefaultCloscOpcrd!xon(“indou(onstants.DO_\OTHING_ON_CLOSE);
this. setFont (new java. awt. Font ("Monospaced”, 0, 121}
this. setSize{new Dimenston (i85, 112));
this. setTitle ("Moon Simulator™);
menu_file. setText (CFile"):
menu_exit. setText ("Exit”);
menu_exit. adddct ionlistener (new MoonFrame_menu_exit_ActionAdapter(this));
menu_help. setText ("Help”):
menu_about. setText ("About ") :
menu_about. addActionlistener (new MoonFrame _menu_about _ActionAdapter(this)):
cnnteanane.selBackgxound(b}stemColor.menu)
contentPane. setMininumSize (new Dimension (600, 800)):
contentPane. setPreferredSize (new Dimension(600, 800)):
contentPane. setToolTipText(™7);
menu_now. setText (TNew”) |
menu_new. addAct ionlistener (new MoonFrame_senu_new _actionAdapter (this)):
menu_load. setText ("Load™) :
menu_load. addActionlistener (new MoonFrame menu_ load_actionAdapter(this)):
menu_save. setText{ Save”):
menu_save. addAct ionListener (new MoonFrame _menu_save _actionAdapter(this)):
menu_saveas. setText {"Save As™):
menu_saveas. addAct ionListener (new MoonFrame _menu_saveas actlonAdapter(thls)):
menu_lang. setText("Moon Language Reference “):
menu_edit. setText ("Edit”);
menu_cut. setText ("Cut 7);
menu_cut. addAct ionListener (new MoonFrame_menu_cut _actionAdapter (this)):
menu_copy. setTextt"Copy ™)
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menu_copy. addActionlistener (new MoonFrame_menu_copy_actionAdapter(this)):
menu_paste. setText ("Paste”):

menu_paste. addActionlListener(new MoonFrame _menu_paste _actionidapter(this)):
menu_selall. setText ("Szlect AIL7):

menu_selall. addActionlistener(new MoonFrame _menu_selall_actionAdapter(this)):
menu_run. setText ("Run”);

menu_assenble. setictionComnand (“Assemble”)
penu_assemble. setText ("Assemble”):
menu_assemble.addActionListener(nev MoonFrame_menu_assemb1e_actionﬂdapter(this)):

menu_runstart. setEnabled(false) :
menu_runstar(.setActionCommand('menu»runstart'):
menu_runstart. setText ("Run”);
genu_runstart. addActionlistener(new MoonFrame_menu_runs:art_acxionAdapter(this)):
genu_guide. setText ("Svstem Guide);
menu_runstop. setEnabled(false):
menu_runs!op.setActxonCommand('menu;runstop'):
menu runstop. setText ("Stop”):
menu_runstop. addActionlistener(new MoonFrame_menu_runstop_actionAdapter(this));
JScrollPaneEdit.setHorizontalScrollBarPolicy(JScrollPane.HORIZONTAL_SCROLLBAR_ALWAYS).
chrollPaneEdlt.se(VerticalScrollBarPolicy(JScrollPane.VERT[CAL_SCROLLBAR_ALWAYS):
document 1. addDocumentListener(new MoonFrame_documentl_documentAdapter(this)):
document L. addDocumentlListener (new TextEditFramel_documentl_documentAdapter(this));
sralusﬂdr.schurdvr(BnrderFactory.createLoweredBevelBorder()):
statusBar. setText(© 7);
chrollPancROut.se:VcrticalScrollBarPollcy(JScrollPdne.YERT[CAL_SCROLLBAR_ALWAYS);
1Scrol IPaneR0ut. setDoubleBuftered (true) .
menu_debug. setEnabled(false) .
menu_debug. setText ("Debug™)
menu_debug. addActionlistener(new java.awt.event.AclioanstenerO

public void actionPertormed(ActionEvent e) !

menu_debug _actionPerformed(e) :

.

0y

jTextAreaROut. setEditable (falsel .
JT»xtAxrdEdlt.Sel\vx(FocusableComponcnl(chrullPaneROut):
genu £ile. add(menu new) ;
pent_tile. add(menu load) :

menu tile addSeparator ()
menu_tile. addimenu save)
genu_file. add(menu_saveas) .
wenu_file. add(menu exit):
menu_help. add (menu_lang) :
genu_help. add(@menu_guide) :
meru_help. add{menu_about) ;
wenu_moon. add (menu_tile):
menu_moon. add (menu_edit)
menu_moon. add (menu_run) :
menu_moon. add (wenu_help)
this. set MenuBar (menu_moon)
menu_edit. add(menu_cut) :
menu_edit. add(menu_copy) :
penu_edit. add{(menu_paste)
menu_edit. addSeparator () :
menu_edit. add (menu_selall):
menu_run. add (senu_assemble) ;
genu_run. addSeparator () :
menu_run. add (menu_runstart)
menn_run. add (menu_runstop) ©
menu_run. addSeparator Q) :
genu_run. add{menu_debug)
contentPane. add (jScrollPaneEdit, new GridBagConstraints(0, I, 1, 1, L0, 1.0
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,GridBagConstraints. CENTER, GridBagConstraints. BOTH, new Insets(0. 8. 3, 8), 131, 278)):
contentPane. add (jScrol1PaneROut, new GridBagConstraints(0, 2, 1, I, LG, 1.0
,GridBagConstraints. CENTER, GridBagConstraints. BOTH, new Insets(3, 8, 0, 8), 119, 193)):
jScrol1PaneROut. getViewport (). add (jTextAreaROut, aull)
contentPane. add (statusBar, new GridBagConstraints(0, 3, 1, 1, 0.0. 0.0
,GridBagConstraints. WEST, GridBagConstraints. NONE, new Insets(0, 8, 4, 8), 431, -1)):
jScrollPaneEdit. getViewport (). add (jTextAreaEdit, null):
document L. addDocumentListener (new TextEditFramel_document!_documentAdapter(this)):
w=xl'{le  Exit action performed=
public void menu_exit actionPerformed(ActionEvent e)
if (okToAbandon())
System. exit(0);

public void menu_about _actionPerformed (ActionEvent e} ¢
MoonFrame_AboutBox dig = new MoonFrame_aboutBox(this):
Dimension digSize = dlg. getPreferredSize():
Dimension frmSize = getSize():
Point loc = getLocation();
dlg. setbocation{((frmSize. width - dlgSize. width) / 2 « loc.x, (frmSize. height - dlgSize. height) 2 -
loc. ¥):
dlg. setModal (true):
dlg. show();

Dpen pamed file. read text troo frle anro rlentArends report statnsBer.
void loadFile(String fileName)
4
try
{
Open o file of the grven name.
File file = new File(fileName),

et the stze ot the opened filed
int size = (int)file. length():

Net ta zerooa connter Por osountang the nomber
cliaraters that oo been read Leom the tle
int chars_read = 0;
FileReader in = new FileReader(file);
CCredte i chatacter arvay ot the stze ot the file,
Cto use as a data buffer, inre which we will read
Cothe text data.
char{]l data = new char(sizel:

C Read all available characters intoe the butter.
while(in. readv()) ¢

S Inerement the count forocach character reed,

ansd aecumulate them in the data buffer.

chars_read = in. read(data, chars_read, size - chars_read) :
in.close();
jTextAreaEdit. setText (jTextAreaEdit. getText() - new String(data, 0, chars_read)):
this. currFileName = fileName;
this. dirty = false:

Display the name of the opened dizectors-taly in the statusBar.

statusBar. setText (“Loaded “-tfileName):

catch (IOException e)
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statusBar. setText ("Error Loading “-fileName):
; .
wexOverridden so we can exit when window is closeds*
protected void process¥indowEvent (WindowEvent e} ¢
super. process¥indowEvent(e)
if (e.getID() == WindowEvent. WINDOW _CLOSING) |
menu_exit_actionPerformed(null):

Savee current il handie not et haviog o filename: report to statustar.
void fileload(){

if ('okToAbandon()}

return:

Fee the OPEN verston of the dialog, test roturn for Approve Cancel
if (JFileChooser. APPROVE_QPTION == jFileChooser!. showOpenDialog(this))
Call openFile ro attempt fo load the rext trom fil= tnro fTextArealdie
loadFile (jFileChooserl. getSelectedFile (). getPath()):

3
i

this. repaint () ;

boolean saveFile() !

Hapdle the case where we don’t o bave o e name vet,
if (currFileName == null) ¢
return saveAsFile():

try
!
Open a file of rhe current e,
File file = new File (currFileName):
(reate an output writer that will wrpte to ther file
CLiteWriter handles tereation:d characters encading comversions.
FileWriter out = new FileWriter(file):
String text = jTextAreaEdit. getText
out.write(text)
out.close();
this. dirty = false:
return true;
catch (IOException e) 1
statusBar. setText ("Error saving “scurrFileName):

1

return false:

Save cureent file, ashing user for uew destinatlen nome.
Report to statutlar,
boolean saveAsFile() !
Usee the SAWE version of the dialog, test return tor Approve Cancel
if (JFileChooser. APPROVE_OPTION == jFileChooserl. showSaveDialog(this)) 1
Set the current file name to the nser’ s selection,
then do a regular savelile
currFileNane = jFileChooserl. getSelectedFile(). getPath();
repaints meny after item is selected
this. repaint() :
return saveFile():

else ¢



this. repaint();
return false: -

void menu_new_actionPerformed(ActionEvent e) |

if (okToAbandon())1{
cloar the text tn the teat editor
jTextAreaEdit. setText(*7):
elear the carrent tilemme and set the file as clean:
currfileName = null;
dirty = false:

Check tF Uile is drery,
[f sa gt user ta mihe 4 “Save? ves . cance T decision,
boolean okToAbandon() ¢
if ('dirty) ¢
return true.

int value = JOptionPane. shosConfirmDialog(this, “Save changes?”,
“Moon”, JOptionPane.YES_NO_CANCEL_OPT[ON)

switch (value)
case JOptionPane. YES_OPTION:
ven, please sove chinpges
return saveFile();
case JOptionPane. NO_OPTION:
ne, abandon edits
1o, return true withaat saving
return true:.
case JOptionPane. CANCEL_OPTION:
default:
cancel

return false:

void menu_load_actionPerformed(ActionEvent e)
PBandle the Fiie Open menu ttem
if ('okToAbandon())
return;

s the OPEN version of the dialog, test veturn for Approve Cancel
if (JFileChooser. APPROVE_OPTION == jFileChooserl. showOpenDialog(this)) |

Displav the nase of the opened divectary-tile o rhe statustar.

statusBar. setText ("Loaded "+ jFileChooserl. getSelectedFile(). getPath()):
Call loadFile te attempt to load the text trom tile into Jleaxrdrea

loadFile (jFileChooserl. getSelectedFile(). getPath()):
Pepatnts wenn after 1tem ik selected

this. repaint ().

void menu_save_actionPerformed(ActionEvent e) i
saveFile():

}

void menu_saveas_actionPerformed(ActionEvent e)
saveAsFile ()

83



void jButtonload_actionPerformed{ActionEvent e) {
fileLoad(): -

void jButtonSave_actionPerformed(ActionEvent e) |
saveFile():

void documentl_changedUpdate (DocumentEvent e} !
dirtv=true:

void documentl_insertUpdate(DocumentEvent ¢) !
dirtv=true:

void document!_removelpdate (DocumentEvent e}
dirty=true;

void menu_cut_actionPerformed (ActionEvent e)
jTextAreaBdit. cut(};

void menu_copv_actionPerformed(ActionEvent e)
jTextAreaEdit. copy O ;

void menu_paste_actionPerformed(Act tonEvent e)
jTextAreaEdit. paste(};

void menu_selall _actionPerformed{(ActionEvent e)
jTextAreaEdit. selectAll O

void menu_runstart_actionPerformed(ActionEvent e)
if (direy)
JOpttonPano.shochssageDlJlog(null.'Filc has beon moditied. \uPlease Assemble a? first
“Asscable”, JOptionPane. ERROR_MESSAGE)
return:

exec = new MoonExec(this, fals2):
exec. start () :
1

void menu_assemble_actionPerformed(ActionEvent ) !
clear():
el osourcs cude
text = jTextAreaEdit. getText():
statusBar. setText ("Assembling” }:
Parse the <ource ile
ps = new Parsing{text):
jTextAreaROut. setText (ps. errmes - ps. message)
if('ps. errmes. equals(™7) ‘1 !ps.message. equals("7) )
jOptionPane.showMessageDnalog(null.'Assembling cannnt be
romplv(cd!','ASSvmble'.JOptionPdne.ERROR_MESSAGE);
ps = null:
wenu_debug. setEnabled(false) :
menu_runstart. setEnabled(false) :
menu_runstop. setEnabled(false):



else |
menu_debug. setEnabled(true) :
genu_runstart. setEnabled(true):
penu_runstop. setEnabled(false) :
statusBar. setText {“Assemble Succeed™);

!

dirty = false:

void menu_debug_actionPerformed(actionEvent e) ¢
if (dirty)
JOptionPane.showMessageDialog(null.'File has been modified. \nPlease Assemble at first!”,
"Assemble”, JOptionPane. ERROR_MESSAGE) :
return;
clear();
loc = this. getlocation();
df = new DebugFrame (this):
dr. setSize (700, 130) :
df. setlocation(0, loc.y¥):

df. show() :
this.setLocution(df.getLocation().x'df.gerSize().width.df.getLocation().y):

void menu runstop_actionPertormed (ActionEvent e) !
exec. running = false:

void clear() ¢
if (df’=null) -
df. dispose ()
setLocation(loc);
exec = null:
Svstem. gc ()

class MoonFrame menu_exit_ActionAdapter implements java. awt. event. Actionlistener {

MoonFrame adaptee;

WoonFrame menu_exit_Actionddapter (MoonFrame adaptee) !

this. adapter = adaptee;

public void actionPerformed{ActionEvent e) i
adaptee. menu_exit_act tonPerformed(e) :

class MoonFrame_menu_about _Actionddapter implements java. awt. event. Actionlistener |

MoanFrame adaptee:

MoonFrame menu_about _ActionAdapter (MoonFrame adaptee) {
this. adaptee = adaptee;

)
|

public void actionPerformed(ActionEvent e) |
adaptee. menu_about _actionPerformed(e) ;

class MoonFrame _menu_new_actionAdapter implements java. awt. event. Actionlistener {

MoonFrame adaptee;
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MoonFrame_menu_new_actionAdapter (MoonFrame adaptee) {
this. adaptee = adaptee;

public void actionPerformed(ActicnEvent e) !
adaptee. menu_new_actionPerformed{e);

class MoonFrame _menu_load_actionidapter implements java. awt. event. Actionlistener ¢
MoonFrame adaptee;

MoonFrame menu_load_actionddapter (MoonFrame adaptee) *
this. adaptee = adaptee:

public void actionPerformed(ActionEvent e)
adaptee. menu_load_actionPerformed(e):

class MoonFrame menu_save _actionddapter implesments java. awt. event. ActionListener ¢
MoonFrame adaptee:

MoonFrame menu_save_actionddapter{(MoonFrame adaptee) !
this. adaptee = adaptee:

public void actionPerformed(ActionEvent e}
adaptee. menu_save_actionPerformed(e);

class MoonFrame menu_saveas_actionddapter implements java.awt.event.Actionlistener !
MoonFrame adaptee;

MoonFrame menu_saveas_actionAdapter (MoonFrame adaptee) ¢
this. adaptee = adaptee:

public void actionPertormed(ActionEvent e)
adaptee. menu_saveas_actionPerformed(2):

class MoonFrame document]_documentidapter implements javax. swing. event. Documentlistener
MoonFrame adaptee:

MoonFrame_documentl_documentAdeter(MoonFrame adaptee)
this. adaptee = adaptee:

public void insertUpdate (DocumentEvent e) ¢

public void removelpdate (DocumentEvent e)

i

public void changedUpdate(DocumentEvent e) i
adaptee. document! _changedUpdate(e);

class TextEditFramel_documentl_documentidapter implements javax. swing. event. DocumentLis-2ner !
MoonFrame adaptee:

TextEditFramel _documentl_documentidapter (MoonFrame adaptee)
this. adaptee = adaptee.
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public void insertUpdate (DocumentEvent e}

adaptee. document | _insertUpdate (e) :

public void removelpdate (DocumentEvent e) !
adaptee.documentI_removeUpdate(e):

!

public void changedUpdate(DocumentEvent e) {
}

class MoonFrame menu_cut_actionddapter implements java. awt. event. Actionlistener !
MoonFrame adaptee;

MoonFrame _menu_cut _actionddapter (MoonFrame adaptee)
this. adaptee = adaptee;

public void actionPerformed(ActionEvent e) |
adaptee. menu_cut _actionPerformed(e) :

class MoonFrame menu_copy_actionidapter implements java. awt. event. ActionListener !
MeonFrame adaptee:

MoonFrame menu_copy_act tonddapter (MoonFrame adaptee) ¢
this. adaptee = adaptee:

public void actionPerformed(ActionEvent e) ¢
nddptec.menu,copy_actionPerfurmed(c):

class MoonFrame menu_paste_actionddapter implements java. awt. event. ActionListener
MoonFrame adaptee;

MoonFrame _menu_paste actionddapter (MoonFrame adaptee) ¢
this. adaptee = adaptee:

;

public void actionPertormed(ActionEvent e) ¢
adaptee. ment_paste actionPerformed(e);

class MoonFrame menu_selall_actionddapter implements java. awt. event. Actionlistener !
MoonFrame adaptee;

MoonFrame_menu_selall_actionAdapter (MoonFrame adaptee) ¢
this. adaptee = adaptee:
|

public void actionPerformed(ActionEvent e) :
adaptee. meau_swlall_actionPerformed(e) .

class MoonFrame menu_assemble_actionddapter implements java. awt. event. ActionlListener *
MoonFrame adaptee:

MoonFrame_menu_assemble_actionidapter(MoonFrame adaptee) |{
this. adaptee = adaptee;

4

public void actionPerformed{ActionEvent e) |
addptcc.menu_assemble_actionPer(nrmed(c):
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class MoonFrame_menu_runstart_actiondapter implements java.awt.event.Actionlistener i
MoonFrame adaptee;

VMoonFrame_menu_runstart_actionidapter (MoonFrame adaptee) {
this. adaptee = adaptee; :
}
public void actionPerformed(ActionEvent e) ¢
adaptee. menu_runstart_actionPerformed(e):

class MoonFrame _menu_runstop_actionAdapter implements java. awt. event. Actionlistener -
MoonFrame adaptee;

MoonFrame_menu_runstop_actionAdapter (MconFrame adaptee)
this. adaptes = adaptee:

b

public void actionPerformed(ActionEvent e) !
adaptee. menu_runstop_actionPerformed(e) :

Symbols.java

Create o osyabols Tinabost, Store, ety Cimdocheek svebels,
package moon;
import java. util.=*;

public class Symbols
% The base of the svmbol table, «7
LinkedList svmbols = new LinkedList():
private LinkedList useaddr;
private Svmnode p:
private Memory o

public Symbols(Memory m) !
this.m = m:
defsymbo!l (Ttopaddr”, 1 * Memory. MEMSIZE) :

* Return a pointer to a svabel entrv. This alwavs saceeeds, because
£ it creates o new entey 1 it can’t find o matchong entes,
*
Svmnode findsymbol( String name) f{
Listlterator sl = symbols. listlterator():
vhile (sl.hasNext()) |{
p = (Symnode)sl. next():
if two names are equal, tind o
if (p. name. equals(name)) return p:

i there is no oentry exists, mihe one
Svmnode pl = new Svmnode():
pl.name = new String(name);
pl.val = 0
pl.defs = 0;
symbols. add (pl):
return pl.
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‘® Define a svmbol. That is, associate the value “val> with the svabol <nage: *”
Symnode defsymbol{(String name, int val) !

p = findsymbol (name) :

p.val = val:

p.defs~-;

return p;

Sk Uee o svmbol, That ts, tecord the faer rhat the <vabol lneoe’ gust
*hiee stored at ocaldres
void usesvmbol (String name, int addr)

p = findsvmbol(name) :

Integer address = new [nteger(addr):

p. uses. add{address) :

* Returu the walue ot aosvisbol, o L It 11 doesn’t exist. =
int getsvmbolval(String name) !
Listlterator sl = symbols. listlterator{);
while (sl.hasNext(Q) !
p = (Svmnode)sl. next():
i twn mumes are equal, tind ot
if (p. name. equals(name)) return p.val.

b

return -!:

xlieck 1t the svabols have eriors®
String checksvmbols()
Listlterator sl = svmbols. listIterator{):
String s = new String();
while (sl.hasNext(})
p = (Svmnode)sl. next ()
if (p.defs == 0)
s += “Undefined symbol: ~ « p.nage = "\n”:
else if(p.dets > 1)
s +="Redefined svmbol: 7 « p.oname = “\n”:

return s.

“Stope symbols at their respective locations,
void storesymbols() throws Exception{
ListIterator sl = symbols. list{terator():
while (sl.hasNext()) {
p = (Symnode)sl. next () :
ListIterator ul = p.uses. listlterator();
while(ul. hasNext()) {
Integer adlnt = (Integer)ul.next();
int addr = adint. intValue():
int wordaddr = addr >> 2:
switch(m. mem wordaddr]. cont) |

case 'b':
m. mem [wordaddr]. word. set_fatb_k ({short)p. val):
break:
case 'd':
n. mem[wordaddr’. word. set_data(p. val):
break:
default:

throw new Exception(”Svmbol storage errsr!™):
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vwadate A svolole and stare svmbols at therr respeetive locar ioas,

void storesymbols(String name, int val) throws Exception:
Listiterator sl = symbols. listlterator(}):
while (sl.hasNext{()) ¢
p = (Svmnode)sl. next (};
if (p. name. equals(name)) p.val= val;
Listlterator ul = p.uses. iistlterator():
while(ul. hasNext ) {
Integer adlnt = (Integerlul.next():
int addr = adInt. intValue O ;
int wordaddr = addr >> 2;
switch(m. mem wordaddr.. cont)

case 'b':
0. mem _wordaddr .. word. set _tmtb_k((short)p.val):
break:

case 'd':
m. mem _wordaddr:. word. set _data(p.val):
break;

default:
throw new Exception("Svmbol starag: error'7);

Instruction.java
« cnomborate ol U the tasrrocrionss

package mnon;
import java.util. *;

public class Instruction {
final static String opnames’! =
i",'lw'.'lb','sw','sb','ndd','sub'.'mul'.'d:".'mod'.'andﬂ
'or'.'not'.’coq','cne','rlt'.'clc'.'cgt'.'cge’.'dddif
'subi','muli','divi'.'mndi','anJi’,'ori'.'chi'.'cneiﬂ
“elti®, “clei”, “eqti™, “cgei”. “s17, Tsr”, “getc”, Tpute”, Tbe”,
'bnz','j'.'jr'.'jl'.'jlr'.'nop'.'hlt'.'entry'.'alignﬂ
Torg”, “dw”, “db”, “res”
Shos Pormat AT rstruction word
private String showtmta(int addr, WordTvpe word)
int op = word. get_fmta_op():
String opcode = opnamesiop!:
StringBuffer sb =new StringBuffer():
switch (op)
Opevands Ri, K1 RK
case OpType. add:
case OpType. sub:
case OpType.aul:

case OpType. div:
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case OpType.mod:
case OpType. and:
case OpTypé.or:
case OpTvpe. ceq:
case OpType. cne:
case OpType.clt:
case OpTvpe.cle:
case QpType. cgt:
case OpType. cge:
sb. append(alignment (opcode, 6) ) ;
sb. append(" "):
sh. append("r’):
sb. append (word. get _fmta_ri()):
sb. append (","):
sb. append('r’);
sh. append (word. get_fmta_rj()):
sh. append(”."):
sb. append ("' ) ;
sb. append (word. get _feta_rk()):
break:
tperands Ri, Ry
case OpType. not:
case OpType. jlr:
sb. append (al ignment (opcode, 6)) ©
sb. append (" ")
sh. append (' ') ;
sh. append (word. get _fota_ri ()
cappend (T, )

[oo

s
sh. append (") ;
sh. append (word. g»t _fota_rj();
break:

N ooperatels

case OpType. nop:

case OpType. hlt:
sb. append{alignment (opcode, 6)) :
break:

return sb. toString():
Stew Format TBT fastroe tien word
private String showtmrb(int addr, WordTvpe word) :
int op = word. get _fmtb_op():
stringBuffer sb = new StringBuffer():
String opcode = opnames’ op;:
switch (op) |
tperands Ry, k()
case OpType. lw:
case OpType. lb:
sb. append (alignment (opcode, 6) ) :
sb. append (" ")
sb. append("r’):
sb. append(word. get _fmtb_ri()):
sb. append (", ")
sb. append (word. get _fatb_k{(}}:
sb. append (" ("} ;
sb. append('t");
sb. append(word. get _fatb_rjO);
sb. append ("))
break:
Operands KRRy, R
case OpType. sw:
case OpType. sb:
sh. append (alignment (opcode, 6) ) ;
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sb. append (" ") :

Ay

. sh. append{(word. get_fmth_k()):

s
S
S
S
S
s
S

b. append (" (")
b. append (‘' ') ;
b. append (word. get _fatb_rj()):
b. append (")) ;
b. append(’. ") :
b. append (' ') :
b. append (word. get_fmtb_ri Q)

break:;

Operands Ri, B,
case OpTyvpe. addi:
case OpTvpe. subi:
case OpType.mul1:
case OpType. divi:
case OpType. modi:
case OpTvpe. andi:
case OpType.ori:
case OpType.ceql:
case OpTvpe. cnel:
case OpTvpe.clti:
case OpType. clet:
case OpType. cgti:
case OpTvpe. cget:

Uperaneds #1, K
case OpType. sl:
case OpType. sr:
case OpTvpe. bz:
case OpType. buz:
case OpTvpe. ji:

sh.
sb.
sh.
sh.
sh.

sh
br
Operands K
case OpType. gtc:
case OpType. ptc:
case OpType. jr:

sh.
sh.
sb.
sb.

Y

sb. append(alignment {opcode. 6)}:
append(C ")

sb. append (" ¢’ ) :

sh. append (word. get _tmtb_ri(Q));
sb. append (", ") ;

sh. append (" t") :

sb. append (word. get _tmtb_rjO):
sb. append (", ") :

sb. append (word. get _tmtb k(O
break:

sh.

append (al ignment (opcode, 6)) ;
append ")

append (')

append (word. get _fotb_ri Q)
append (", ")

. append (word. get _fmtb k() :
eak

append (al ignment (opcode, 6)) :
append (")

append (' ') ;

append (word. get _fmtb_riQ)):

break:

Uperands K
case Oplype. j:
sb
sh
sb

. append(al ignment (opcode, 6)) :
cappend (" ")
. append (word. get_fmtb_k(}):

break:



N

*

return sb. toString():
) .
Comert @ word to a string of 1 characters. Non graphics ta 7.7
Exart output depends on whether the host is big endian or

little eadian.

String wordtochars(WordTvpe word) !
int i:
byte ] byts = word. get_byts():
char{] buf = new char{il:
for (i=0:i<1:ir+)
char ¢ = (char)bvtsii;;
if (32¢=c && c<=126)
buflil=c:
else buf(i! =

return String. valueOf (buf) :

Displav one word of memors.
String showword (int addr, Memory m) throws Excepticn:

char charbuf’] = new char 5}:

int wordaddr = addr >> I:

WordType word = m. memiwordaddr;.word;

if ((addr & 3) !'= 0)

throw new Exception(“lnternal error: bad address!\n”):
switch(m. mem wordaddr]. cont) ¢
case 'a’:
return showtmta(addr, word) :

case ‘b :
return showfmtb(addr, word) ;

case "d :

return wordtochars(word);
case ‘u:

return ~7?°7;
default : return ~

Mtke address coluan ontput al i ot
private String alignment(String s. int n)
for (int i = s. length():iniir~)
g s
return s:
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