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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. These tools should facilitate TCSS372 students in understanding fundamental computer structure and internal information exchange.

The second milestone involves the construction of the SimpComp assembler. The assembler reads, verifies, and translates a sequence of assembly instructions into byte codes recognizable by the SimpComp simulator (see milestone 1). Visit faculty.washington.edu/gmobus for more information regarding the hex based instruction set and the hardware structure.

Implementation

The implementation of the SimpComp assembler involves two parts, an underlying assembler and a graphical shell.

[The Assembler]

The assembly process generates 3 files during a 2-pass process. Pass1 generates a temporary file (*.tmp) in which an address space is assigned to each instruction and variable. In addition, a symbol table is created to reference each label to its associated address space. When Pass1 completes with no errors encountered, Pass2 begins. Pass2 generates a listing file (*.lst) by translating each instruction into a sequence of byte code and assembles the byte codes into an object file (*.obj). See Appendix A for a complete example. Note that the assembly process within a single pass continues until completion regardless of any syntax error. The errors encountered will be reported to the user. 

[The Graphical Shell]

A primary objective of the project is the inclusion of an extensive graphical interface that showcases the products of the assembly process. Figure 1a illustrates the assembler GUI. A Java layered pane is used to display the assembled results in a fashion that is easy to traverse while minimizing the screen usage:

Layer 1: The original assembly codes

Layer 2: The translated listing codes (assembly + byte codes)

Layer 3: The symbol table

Layer 4: The object file (assembled byte codes)
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Figure 1a. The SimpComp Assembler Main GUI
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Pass 1 completed.
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Figure 1b. The translated listing codes
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Figure 1c. The symbol table
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Pass 1 completed.
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Figure 1d. The assembled object codes

Directly below the layered pane is a multipurpose text field that replaces the traditional “System.out.” The field displays various system messages to the user, including process completion and error notifications.

Quality Assurance

The current project practices several quality assurance measures, including comparison to predefined assembly codes, exception handling, and JavaDoc.

To ensure the correctness of the assembler, several predefined assembly code sets are developed, including 8 from Dr. Mobus. Among the sets, each assembly instruction is used at least once to ensure adequate coverage. The assembled codes are then compared to the expected results. For details of the predefined codes, see Appendix B.

All syntax errors encountered during the assembly processes are handled through Java’s Exception mechanism. This approach ensures that the assembler will shift the flow of control among components properly.

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

Discussion

Three note-worthy issues are discussed.

In an early version of the assembler, assembling the object file was treated as a separate routine, instead of being part of Pass2. Such an approach introduced unnecessary overheads because the object file relied on the listing file instead of an internal buffer. Moreover, this “additional” pass violated the contracted 2-pass assembly process. 

In Java, the constructor of a class serves more than allocating memory space for an object. Many initialization procedures that only need to be done once can also reside within the constructor. Nevertheless, adding functionalities to the constructor limits the portability of the code. Based on Dr. Mobus’s suggestion, a separate companion method, called process(), now handles the initialization processes, relieving the constructors from duties other than memory allocation. Note that similar approach has been applied to the SimpComp simulator.

Prior to the current project, only simple programs have been written for the SimpComp simulator, programs like HelloWorld that simply prints a string to screen. To demonstrate the potential that lies within SimpComp’s instructions set, two complementary assembly codes are developed. The first program, Keyboard Buffer, prompts a user for a literal string. Once the internal buffer is full or a particular termination key has been entered, the program prints the input string to screen and terminates. The second program, Calculator, performs simple mathematics (addition, subtraction, multiplication, and division) based on user’s input. Several functionalities of Calculator has been extracted into standalone subroutines, like display (converts a short value into ASCII characters and outputs to screen) and read (concatenates ASCII digits from input into a short value). These abstracted routines should prove useful for any future development of the project.

Conclusion

The second milestone of the current project is a success. The assembler assembles all required programs successfully as contracted. Additional control and assembly programs were introduced to further enhance the integrity of the project. Much like the first milestone, a byte-code obfuscator was used to ensure the source codes’ protection.

Appendix

A. A simple calculator

B. Predefined assembly code sets

i. test_all.asm

ii. error.asm

iii. error2.asm

C. README file

D. BNFs

E. GUI details
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