CS 061 – Computer Org. & Assembly Lang.                     Spring  -  2004
Lab 2 – 4/5 

Collaboration policy:

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

Preliminary note – Pseudo-ops:

All assembly languages have several "pseudo-ops", i.e. assembler directives that instruct the assembler program how to set up the object code.

So far you have encountered the .ORIG directive, which tells the assembler where to start loading the executable image, and the .END directive, which tells the assembler that there is no more code to assemble. (Note that all LC-3 pseudo-ops start with a period (.) to distinguish them from assembly language instructions).

Pseudo-ops are similar to Compiler Directives in Higher Level Languages (e.g. #include <...> in C++).

Another pseudo-op you will be using frequently is the .FILL instruction. This tells the assembler to load the indicated value into the current memory location. e.g.

HEX_VALUE
.FILL
xF100
;loads the binary equivalent of xF100 into the 




; memory location designated "HEX_VALUE"

DEC_VALUE
.FILL
#9762
;loads the binary equivalent of the decimal value 




; 9,762 into the memory location designated 

; "DEC_VALUE"

A similar pseudo–op is the .BLKW  n  instruction. This tells the assembler to set aside n words of memory for later use:

DATA-IN
.BLKW
#10
;reserves 10 memory locations for use




;as a data block

Such .FILL & .BLKW pseudo-ops are usually grouped together after the actual code. This requires that the last line of code must be the HALT instruction. Explain why.

In this lab you will be using three different memory addressing modes to load & store values, and using the conditional branch instruction to construct a loop.

NOTE: you are required to complete exercises 1 to 5 in class; if you finish these early, you may choose either to go on to exercise 6, or to assist other students in the class.

Exercise 1:

Write an assembly language routine that uses .FILL pseudo-ops to load the values #65 (decimal 65) and x41 (hex 41) into consecutive labelled memory locations, and then use the load direct instruction (LD) to move these values into registers 3 and 4 respectively.

Now add 1 to the contents of register 3 and 2 to the contents of register 4, and store (ST) the resulting values back into the original memory locations.

Look up the ASCII table and see what these values would represent if they were to be interpreted as characters.

Exercise 2

Instead of loading an operand into a labelled location, we can use the same mechanism to load a memory address.

Modify the routine of Exercise 1 by replacing the values in the two labelled locations with memory addresses (choose addresses well clear of your code – say x4000 and x4001), and manually load numbers into the corresponding addresses themselves.

Now use the indirect memory addressing mode (LDI) to load these values into registers 3 & 4, increment the values in the registers as before, and then store them back into the memory locations.

As you can see, you can think of the two original labelled locations as pointers.

Exercise 3

Start with the same set-up as in exercise 2: you have two labelled locations, or pointers, which contain two memory addresses. 

Now load those pointers into R6 (what memory addressing mode will you use for this?)

Now use the relative memory addressing (LDR) mode to load the values stored at the corresponding locations into registers 3 & 4.

Exercise 4

Use the conditional branch instruction to construct a loop that takes the content of register 2 and adds it to itself (R3) times (where (R3) means “the content of register 3”).

Hint: use a label to mark the entry point of the loop, and decrement (R3) each time the loop body is executed. You can then test for a zero result, allowing you to decide whether to jump back to the loop entry point, or "fall out" of the loop. Think carefully about the exact termination point of the loop.

Exercise 5: console i/o

You will need to consult Appendix A, pages 521 - 545 for this exercise.

NOTE: be careful about using R0 in your code in these exercises (why??)

Write code that takes a single character from the keyboard and stores it in register 3, using TRAP x20

Does it behave in the way you expected?

Examine the contents of R3 after storing the character: you will see that the LC-3 stores each character in the lower 8 bits of a 16-bit word, and sets the upper 8 bits to zero (this is a bit wasteful of space, but it makes programming with characters a lot easier)

Now add TRAP x21 to your code, following the first TRAP.

What does this do?

Now replace these two traps with a single TRAP x23

What are the differences and similarities?

Exercise 6

In this exercise you will set up an array of 10 values, starting at memory location xA000 (your code should load at x3000, so you will not be able to use direct addressing to work with the array).

Populate the array with the first ten powers of 2, starting with 21 = 2, then read back the tenth value into register 2.

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.

