EMCH 367 
Fundamentals of Microcontrollers
Exercises 8-9


Exercise 8-9

General Note

· Before starting this exercise, read Examples 8, 9 and work through them using the THRSim11 simulator.

· Then, read this exercise. You will notice that the present exercise is practically identical with these examples, only that is uses different numbers, at times.

· 'Save As' this Word file in the personalized format indicated in the course pack.

· To complete the exercise, you will have to do the following:

· Type in text 

· Insert screen/window captures from the THRSim11 simulator.

The exercise has 11 sections. Do them in sequence.

Objective

This exercise has the following objectives:

· Review decrementation

· Review decimal borrow concepts using decrementation

· Introduce hex borrow using decrementation

· Introduce 2’s complement negative hex numbers as decrementation of zero with free borrow

· Show the decimal equivalent of the 8-bit decrementation of zero

· Introduce hex subtraction as a repeated decrementation

· Introduce hex subtraction with negative results using the free borrow concept.

· Show the decimal equivalent of hex subtraction with negative results using free borrow.

Note: To facilitate understanding, the same numbers are used in both decimal and the hex cases.

program

You have to write .asm code to perform the arithmetic operations listed below:

· 8 – 1 = 7 (decimal) using the opcode mnemonics LDAA, SUBA

· $08 - $01 = $07 (hex) using the opcode mnemonics LDAA, SUBA

· 20 – 1 = 19 (decimal) using the opcode mnemonics LDAA, SUBA

· $20 - $01 = $1f (hex) using the opcode mnemonics LDAA, SUBA

· $00 - $01 = $ff (hex) using the opcode mnemonics LDAA, SUBA

· 0 - 1 = 255 (decimal equivalent of 8-bit hex arithmetic) using the opcode mnemonics LDAA, SUBA

· $0f - $07 = $08 (hex) using the opcode mnemonics LDAA, LDAB, SBA

· $00 - $07 = $f9 (hex) using the opcode mnemonics LDAA, LDAB, SBA

· 0 - 7 = 249 (decimal equivalent of 8-bit hex arithmetic) using the opcode mnemonics LDAA, LDAB, SBA

· $0f - $2b = $e4 (hex) using the opcode mnemonics LDAA, LDAB, SBA

· 15 - 43 = 228 (decimal equivalent of 8-bit hex arithmetic) using the opcode mnemonics LDAA, LDAB, SBA

coding and execution

Open THRSim11. Maximize THRSim11 window. Close the Commands window.

Open the template.asm file and save it with the personalized name LASTNAME_Firstname_Ex8-9 (Please respect the upper and lower conventions.). 

Type your program in the .asm window after the line saying *Begin typing your code.

Assemble your file, tile the windows, set the breakpoint, and reset the registers.

Paste your screen capture below. 4 point(s)
Section: 8 - 1 = 7 (decimal) using the opcode mnemonics LDAA, SUBA

Reset accA and accB by typing zero into them. Set the display option of accA to decimal.

Use the Step button to step through this section of your program. When the operation has been completed, capture your screen.

Paste the screen capture here. 4 point(s)
Explain:

· What is a decimal borrow? 4 point(s)
· Did a decimal borrow happen or not? Why? 4 point(s)
Section: $08 - $01 = $07 (hex) using the opcode mnemonics LDAA, SUBA

Reset accA and accB by typing zero into them. Set the display option of accA and accB to hex.

Use the Step button to step through this section of your program.

Explain:

· What is a hex borrow? 4 point(s)
· Did a hex borrow happen or not? Why? 4 point(s)
Section: 20 - 1 = 19 (decimal) using the opcode mnemonics LDAA, SUBA

Reset accA and accB by typing zero into them. Set the display option of accA and accB to decimal.

Use the Step button to step through this section of your program. 

Explain:

· Did a decimal borrow happen or not? Why? 4 point(s)
Section: $20 - $01 = $1f (hex) using the opcode mnemonics LDAA, SUBA

Reset accA and accB by typing zero into them. Set the display option of accA and accB to hex.

Use the Step button to step through this section of your program.

Explain:

· What is a hex borrow? 4 point(s)
· Did a hex borrow happen or not? Why? 4 point(s)
· Do the operations 20 – 1 and $20 - $01 give the same result or not? Why? 4 point(s)
Section: $00 - $01 = $ff (hex) using the opcode mnemonics LDAA, SUBA

Reset accA and accB by typing zero into them. Set the display option of accA and accB to hex.

Use the Step button to step through this section of your program.

Explain:

· Did a hex borrow happen or not? Why? 4 point(s)
Section: 0 - 1 = 255 (decimal equivalent of 8-bit hex arithmetic) using the opcode mnemonics LDAA, SUBA

Reset accA and accB by typing zero into them. Set the display option of accA and accB to decimal.

Use the Step button to step through this section of your program.

Explain:

· Did a borrow happen or not? Why? 4 point(s)
· What type of borrow happened? 4 point(s)
· Why did you get the answer 255? 4 point(s)
Section: $0f - $07 = $08 (hex) using the opcode mnemonics LDAA, LDAB, SBA

Reset accA and accB by typing zero into them. Set the display option of accA and accB to hex.

Use the Step button to step through this section of your program.

Explain:

· Did a hex borrow happen or not? 4 point(s)
· What type of borrow was it? 4 point(s)
Section: $00 - $07 = $f9 (hex) using the opcode mnemonics LDAA, LDAB, SBA

Reset accA and accB by typing zero into them. Set the display option of accA and accB to hex.

Use the Step button to step through this section of your program. 

Explain:

· Did a hex borrow happen or not? 4 point(s)
· What type of borrow was it? 4 point(s)
Section: 0 - 7 = 249 (decimal equivalent of 8-bit hex arithmetic) using the opcode mnemonics LDAA, LDAB, SBA

Reset accA and accB by typing zero into them. Set the display option of accA and accB to decimal.

Use the Step button to step through this section of your program.

Explain:

· Why did you get the answer 249? 6 point(s)
Section: $0f - $2b = $e4 (hex) using the opcode mnemonics LDAA, LDAB, SBA

Reset accA and accB by typing zero into them. Set the display option of accA and accB to hex.

Use the Step button to step through this section of your program.

Explain:

· Did a hex borrow happen or not? 4 point(s)
· What type of borrow was it? 4 point(s)
Section: 15 - 43 = 228 (decimal equivalent of 8-bit hex arithmetic) using the opcode mnemonics LDAA, LDAB, SBA

Reset accA and accB by typing zero into them. Set the display option of accA and accB to decimal.

Use the Step button to step through this section of your program.

Explain:

· Why did you get the answer 228? 6 point(s)
use calculator to obtain hex negative numbers of –56 and –120

Insert your answers here:

-56: _________;
-120: ____________ 8 point(s)
What you have learned

In this exercise, you have learned:

· In decimal arithmetic, decrementation results in the value of the number being reduced by one unit

· In hex arithmetic, decrementation has the same meaning as in decimal arithmetic: the value of the number is being reduced by one unit

· For a 2-digit decimal number with the LSD zero, e.g., 20, decrementation required a borrow to be performed from the MSD into the LSD. As a result, we could perform the decrementation and the result was 19. The result showed that, because of the borrow, the MSD decreased from 2 to 1, and the LSD increase from 0 to 9, i.e., from the bottom of the decimal symbols sequence to the top of the sequence.

· For a 2-digit hex number with the LSD zero, e.g., $20, decrementation also required a borrow to be performed from the MSD into the LSD. As a result, we could perform the decrementation and the result was $1f. The result showed that, because of the borrow, the MSD decreased from 2 to 1, and the LSD increase from 0 to f, i.e., from the bottom of the hex symbols sequence to the top of the sequence.

· Note the difference between 20 (twenty) and $20 (hex two-zero = decimal thirty-two).

· For a 2-digit hex number with zero LSD but also zero MSD, decrementation is still possible within the ‘free-borrow’ concept. The free-borrow concept, which is implemented on most microcontrollers, allows to freely borrow a one from the next higher digit beyond the precision of the machine. 

· In our case, the machine has 2-digit hex precision, hence the next higher digit beyond the machine precision is a third digit. In other word, if we extend the range to 3 hex digits and write $ff as $0ff, incrementing by one yield $0ff + $001 = $100. Conversely, decrementing $100 by one yields $0ff, i.e., $ff.

· Subtraction using SBA opcode mnemonic happened as expected, in both decimal and hex arithmetic, as long as the minuend is greater than the subtrahend (e.g., 15-7=8, $0f-$07=$08). 

· When the minuend is less than the subtrahend, the result of the subtraction operation is calculated using a free borrow (e.g., $0f-$2b=$00f+$100-$02b=$0e4=$e4). 

· Even if decimal display of numbers is used, the calculations and the free borrow still happen in hex (e.g., 15-43=15+256-43=228, where 256=$100).

· New words and notations: free borrow, minuend, subtrahend.

