CS 061 – Computer Org. & Assembly Lang.                    Spring  -  2005
Lab  8

There will be a lab exam at the start of class (30 mins). 

When you have completed the test, have the TA grade you (or submit your work to the turnin folder), and then continue with the lab exercises below.

You must complete at least exercises 1- 2 in lab; you are STRONGLY encouraged to complete any remaining exercises on your own time before next week’s lab – you’ll find them very helpful, especially for doing the assignments.

Collaboration policy:

Collaboration is strongly ENCOURAGED. If you complete an exercise, feel free to help others -- teaching enhances your own learning.

You must complete at least exercises 1 and 2 in lab; successfully completing exercise 3 will earn a bonus of 3 points. 

In these exercises you will build one component of the Assembler program itself. The main task of the Assembler is to construct the machine language translation of assembly language instructions. One part of this is to map the language opcodes (e.g. ADD) into binary opcodes (ADD => 0001). This is the component that we will create.

Exercise 1:

Write a subroutine that prompts the user to enter a word, converts the characters entered to uppercase (if they are not so already), and stores the resulting null-terminated string in a labelled location. 

Check the ASCII table at the back of the text to work out the difference between the codes for upper & lower case characters. Compare the binary codes for a few upper/lower case pairs, and it will become clear.

Write a second routine that outputs the word to the console.

Write a main that calls these two subroutines.

(You already did most of this exercise last week, so it should be easy).

Exercise 2:

Write an opcode table subroutine. The data block of this subroutine will consist mainly of two arrays: the first consists of the null-terminated strings of all the LC-3 language opcodes (ADD, AND, etc.); the second consists of the 4-bit binary opcodes in the same order (these will be stored as zero-extended 16-bit words).

For now, this subroutine will not take any arguments: it will just print out a table of the opcodes in the following format:

ADD
=
0001

AND
=
0101

BR
=
0000

etc.

(the spacing is up to you - if you wish, you can use the tab character ht = ASCII x09).

Remember that you will have to appropriately terminate the two arrays so you know when to stop. (You could use a NULL for the word array - a single null terminates a word, a second consecutive null terminates the list; however, this would not work for the binary opcode array - why not?).

Modify the binary output routine you have been using in recent labs and assignments to output just the least significant 4 bits of the binary opcode word to the console.

If you set up the two arrays correctly, then simply by traversing them together you will maintain the correct mapping of word opcode to binary opcode.

Exercise 3: (3 bonus points)
Now modify the opcode table subroutine so that it receives the address of an entered word in a register. It then compares that word letter by letter to each entry in the language opcode table; if it finds a perfect match, it prints out the word followed by the binary opcode in the equivalent position of the second array. If no match is found by the end of the array, it prints out a message like "Invalid opcode".

You will do this by maintaining an "index" into each array. The two indices will work rather differently: the first will have to count words, while the second will just count single memory locations. (Why?)

So when you test each opcode you increment array index 1; when you find a match, say, at word 4 in array 1, you then have to read the word in ( (starting address of array 2) + 4 ).

Now have this subroutine called by the word entry subroutine in exercise 2, and you have the makings of an opcode parser.

NOTES:

Secure server turn-in instructions can be found under the Course Material tab on ilearn.

Every submission in this course (including this program, all assignments, lab work, quizzes & exams) must include the following details at the top:

Name in the format Last name, first name

Last 4 digits of your student ID

Your lab login id

Lecture section / Lab section (e.g. section 001/023)

cs or ucr email address

After the first week you will lose points for failing to observe these instructions – in fact, if enough of this information is missing or illegible, we may not be able to assign you a grade, so double check every assignment before you turn it in.

