Answers to Tutorial 11

Tutorial 11.
Bit Operations

	1.
	A Boolean variable takes one of two values that can be represented by 0 or 1. Examples of Boolean variables are WET/DRY and HOT/COLD.

	2.
	Since each Boolean variable can be expressed as 0 or 1, a bit can be used to store each. Therefore in a word 16 Boolean variables can be stored. 

	3.
	To test a particular bit of accumulator A or accumulator B, a logical AND must be carried out on the accumulator and then a conditional branch. e.g.:

AND #0100h, A ; Clear to zero all bits except bit 8.

BC bit_not_set, AEQ ; Branch if bit 8 not set to 1. 

	4.
	To copy a word from data memory to an accumulator and then to test it is inefficient use of code. It also means that the contents of the accumulator may have to be saved before doing the test on the data word. 

	5.
	The instruction BIT 60h, 0 is used to test the most significant (right-most) bit of the word at data memory address 60h.

	6.
	The instruction BIT does not actually carry out a test. It copies the specified bit to the bit TC (test / control flag) which can then be tested using a conditional branch BC.

	7.
	The bit TC (test / control flag in ST0) can be used with the instruction BC:

BC label1, TC  ; If TC = 1 then branch to label1.
BC label2, NTC ; If TC = 0 then branch to label2.

	8.
	When using the instruction BIT, the bits are numbered backwards to the standard convention. Two ways to avoid errors are:

BIT *AR4, (15-0) ; Copy left-most bit of dmad to TC.

BIT_3 .set (15-30; Create a symbol for bit 3. 

	9.
	The instruction BIT copies the bit specified by the operand to the bit TC (test / control flag). The instruction BITT copies the bit specified by the T register to the bit TC ( test / control flag).

	10.
	The instruction BIT can only be used as part of a test for a single bit. The instruction BITF can be used to test if multiple bits are non-zero.

	11.
	a) BITF *AR3, #22h   ; Correct

b) BITF #0Fh, AR1    ; Incorrect. Operands reversed.

c) BITF 14h, #0FF00h ; Correct.

d) BITF #55h, 16h    ; Incorrect. Operands reversed.

e) BITF AR4, #16h    ; Should be BITF *AR4, #16h. 

	12.
	When overflow occurs the result of an operation becomes unreliable. For example, a positive number can become a negative number while a negative number can become a positive number.

	13.
	After a multiplication, the appropriate overflow flag can be tested e.g.:

MPY *AR2 , A         ; Multiplication.

BC no_overflow, ANOV ; Test if accumulator A has

                     ; overflowed. 

	14.
	The value in auxiliary register AR5 can be compared with the value in auxiliary register AR0 as follows:

CMPR EQ, AR5 ; Compare AR5 with AR0.

	15.
	The instruction CMPR is often followed by a test of the bit TC (test /control flag):

CMPR NEQ, AR3    ; Compare AR3 and AR0. 

BC different ,TC ; Test bit TC (test /control flag). 

	16.
	The instructions BITT and BITF both support direct addressing. The instruction BIT does not.
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