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Project Description

The current project involves constructing a set of supportive tools, a “Simple Computer” simulator (SimpComp) and an associated assembler. Such tools should facilitate TCSS372 students in understanding fundamental computer structure and internal information exchange.

The first milestone involves the construction of the SimpComp simulator. The simulator accepts, translates, and executes a sequence of hex symbols representing a memory image of a program. Although the project utilizes software implementation, the structure of simulator attempts to mimic the actual hardware structure of a SimpComp processing unit. Visit faculty.washington.edu/gmobus for more information regarding the hex based instruction set and the hardware structure.

Implementation

The implementation of the SimpComp simulator involves two parts, a graphical user interface and a underlying, software-based simulator.

[Graphical User Interface]

A primary objective of the construction is the inclusion of an extensive graphical user interface that layouts any internal information exchange within the simulator. Figure 1 illustrates the proposed GUI for the simulator, which follows Dr. Mobus’s lecture material closely. The goal of such design is to represent the SimpComp in a fashion that is similar to what the students are accustomed to. 
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Figure 1. Proposed SimpComp Main GUI

Figure 2 illustrates the finalized GUI. Note that the graphical representations of the ALU and the internal buses are removed. Replacing them is a decompiler window that lists the details of current instruction. Such a modification aims to enhance students’ comprehension of an instruction. Two additional buttons, reset and auto-run, are added to facilitate in-class demonstration.
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Figure 2. Finalized SimpComp Main GUI

[Software-based Simulator]

The simulator strives to mimic the hardware structure of SimpComp. Figure 3 illustrates the relationships among major classes of the simulator. The SimpComp class serves as the primary driver of the simulator and hosts the instantiated CPU and Memory classes. ALU is represented by an inner class of CPU, which gives the ALU class authority to access variables of CPU, like registers and flags, while maintaining a certain degree of independency. 
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Figure 3. UML diagram of major classes

Quality Assurance

The current project practices several quality assurance mechanisms, including unit tests, exception handling, and JavaDoc.

To ensure the correctness of the simulator, an associated J-Unit tester class is developed. The tester class includes 48 individual unit tests that examine most of the functionalities for CPU’s sequencer method. Note that certain functionalities, like JMP and EI, are ignored due to their simple nature. In addition to the unit tests, acceptance tests of the simulator using pre-defined code sets were deployed.

Errors encountered during runtime are primarily handled through Java’s Exception mechanism, unless system termination is immanent. Critical conditions that result in system termination include missing critical file and file I/O exception. Regardless the situation, an error message with detail will be displayed to the user. 

Finally, all public classes and methods are JavaDoc with details. In applicable cases, pre and post conditions of a method are also listed by not enforced due to compatibility issues of Java’s assert method.

Discussion

Two note-worthy incidents were encountered during the implementation.

Due to the use of a GUI environment, the commonly used System.out and System.in are no longer a desirable mean to represent console I/O in the SimpComp simulator. Replacing them is a set of Java text components. The output GUI is a simple JtextField with a corresponding String variable. Whenever an output is required, the simulator simply stores the data in that String variable and updates the GUI. On the other hand, applying the similar logic to the input proves to be tricky. When System.in is used, the entire simulator will be suspended until input is acquired. With the use of GUI, the simulator will polls the GUI’s corresponding String variable and moves on. In other words, the flow is completely controlled by the CPU, not the user. Since the simulator runs a lot faster than human, some sort of suspension has to be implemented so that the user will have time to input. Several approaches were examined: combination of while loop (which achieves a busy waiting effect) and thread suspension, use of standard JoptionPane, and use of custom static component. 

The use of while loop and thread suspension introduced an unexpected “deadlock” situation, in which the simulator was seemingly trapped in a busy waiting state and rejected any user input. Further investigation in Java Threads should resolve the infinite loop problem, but due to the time restriction, alternative approaches were explored. Java’s JOptionPane provides functionality similar to that of System.in in which user is forced to respond to a prompt before the program can continue. Unfortunately, the standard prompts offered by JOptionPane’s library do not match Dr. Mobus’s preferences. Thus, a custom static component is build, which extends JOptionPane’s properties and displays an input prompt that meets the requirement. 

While developing the unit tests, a subtle error was discovered in the ALU’s SUB and SUBB operations. Since the simulator uses an integer variable to represent a 2-byte word, half of the space within the integer is generally unused, except for determining carry and overflow. To achieve subtraction, the simulator mimics physical circuitry by first calculates an operand’s complement form. The complement form is obtained by inversing and then adding 1 to the operand.  Such an approach provides correct result in the lower 2-byte of the integer (i.e. correct value in the register) but undesirably toggle the 9th and higher bits, resulting an error carry. To amend the situation, registers are now masked with 0x0FFFF after inverse, preventing any bit set higher than the 8th due to inversion.  

Conclusion

The first milestone of the current project is a success. Besides fulfilling the contracted requirements, additional measures were introduced to further enhance the integrity of the project, including the use of byte-code obfuscator, improved launching sequence, and interactive graphical components.  

Appendix

· README file

· BNFs

· GUI details

· Complete instruction set

SimpComp Simulator Rev1.1 README (April 13, 2003)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Thank you for using SimpComp simulator Rev1.1. Please read through this 

file before you begin.

SimpComp Simulator is a JAVA application that attempts to simulate the 

structure and functionality of a simple computer. It is designed to be a 

graphical teaching tool for Dr. G. Mobus's Computer Architecture 

(TCSS372) course.

Package Contents

~~~~~~~~~~~~~~~~

SimpComp Rev1.1 is delivered in multiple folders:

[bin]     - binary, executable jar files, opcode tables, and graphics

[src]     - source files in java format

[example] - predefined asm, tmp, lst, and obj files

[test]    - unit tests

Requirements

~~~~~~~~~~~~

SimpComp Rev1.1 requires JAVA2 standard edition runtime environment 1.3.1_07 

or later. Visit java.sun.com for more information.

To run the included unit tests, junit3.8.1 or later must first be downloaded 

with classpath setup correctly. Visit www.junit.org for more information.

Installing SimpComp Rev1.1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

No installation is required; simply copy the entire content into a local drive. 

Running SimpComp Rev1.1

~~~~~~~~~~~~~~~~~~~~~~~

SimpComp Rev1.1 can be run in 3 ways:

1. Invoke run.bat, which is located bin folder

2. Use java -jar SC.jar command under DOS-prompt.

3. Use java -jar SC.jar command under DOS-prompt with an obj file 

   specified.

Note: In cases where no obj file is specified, SimpComp Rev1.1 will display a 

FileChooser dialog and prompts user for an obj file.

|~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~|

|SimpComp Rev1.1 is developed by Yat-Yan Shum.|

|~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~|

[BNF – OPTAB.TAB]

<optab.tab>      
::==  <op entry> {“\n” <op entry>}*

<op entry>       
::==  <op identifier> <space> <op hex> <op byteNum>

<op identifier>!
::==  <character>* <space>*

<character>

::==
<letter> | <symbol>

<letter>
::==
“A” | “B” | “C” | “D” | “E” | “F” | “G” | “H” | “I” | “J” | “K” | “L” | “M” | “N” | “O” | “P” | “Q” | “R” | “S” | “T” | “U” | “V” | “W” | “X” | “Y” |
“Z”

<symbol>          ::==  “+” | “@” | “#”

<space>           ::==  “ ”

<op hex>          ::==  <hex> <hex>

<hex>             ::==  “0” | “1” | “2” | “3” | “4” | “5” | “6” | “7” | 

                        “8” | “9” | “A” | “B” | “C” | “D” | “E” | “F”

<op byteNum>      ::==  “1” | “2” | “3” | “4”

! – length of <op identifier>, including <space>, equals 14

[BNF – IOPTAB.TAB]

<ioptab.tab>      ::==  <op entry> {“\n” <op entry>}*

<op entry>       
::==  <op hex> “:” <op code> “;” <type> “;” <type>

<op hex>          ::==  <hex> <hex>

<hex>             ::==  “0” | “1” | “2” | “3” | “4” | “5” | “6” | “7” | 

                        “8” | “9” | “A” | “B” | “C” | “D” | “E” | “F”

<op code>
      ::==  <letter>*

<letter>
::==
“A” | “B” | “C” | “D” | “E” | “F” | “G” | “H” | “I” | “J” | “K” | “L” | “M” | “N” | “O” | “P” | “Q” | “R” | “S” | “T” | “U” | “V” | “W” | “X” | “Y” |
“Z”

<type>            ::==  <character>* | <space>

<character>

::==
<letter> | <symbol> | <digit> | <space>

<symbol>          ::==  “+” | “@” | “#” | “[” | “]”

<digit>           ::==  “0” | “1” | “2” | “3” | “4” | “5” | “6” | “7” | 

                        “8” | “9”

<space>           ::==  “ ”

[BNF – *.OBJ]

<obj file>        ::==  <op line > {“\n” <op line>}* 

<op line>       
::==  <address> “:” <op code>

<address>         ::==  <hex> <hex> <hex> <hex>

<hex>             ::==  “0” | “1” | “2” | “3” | “4” | “5” | “6” | “7” | 

                        “8” | “9” | “A” | “B” | “C” | “D” | “E” | “F”

<op code>
      ::==  <hex>0-16
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