Class Exercises on Microprogramming the Mic1 Machine

A)
Explain why the following are, or are not, legal Mic-1 instructions:

1)
mbr := ac; d := ac + 1;

2)
ac := rshift(ac); mar := e; wr;

3)
ac := d; mar := c; mbr := d; rd;

4)
mbr := ac; d := d + (-1); goto 24;

Answers:

1)
Not legal. The ALU output cannot be both ac and ac + 1, and the only way to get a value into the MBR or the D register is from the ALU (and shifter) output.

2)
This is legal.  Send the AC value down the A bus, through the ALU unchanged, and have it right shifted by the shifter.  Then store this result back into the AC.  At the same time send the E register value down the B bus and into the MAR.  Assert the write signal.  (No doubt a second microinstruction would follow this one that would also contain WR, as this is necessary in order to complete the write.)

3)
This is legal.  Send the D register value down the A bus, through the ALU and shifter unchanged, and then store this value into the AC and into the MBR.  Since both get loaded from the C bus, this works.  At the same time, send the C register value down the B bus and into the MAR.  Also assert the read signal.  (No doubt a second microinstruction, also containing RD, would follow, as this is needed in order to complete the read.  Note that once the value is read in from main memory, it would overwrite the value we just put into the MBR.  So, although this is all legal, we probably would not do this in practice.)

4)
This is not legal. We cannot put 3 values (AC, D, and –1) down 2 buses at the same time.  For that matter, we cannot get 2 different values at the same time as output from the 1 ALU).

B)
Explain what the following little microprogram does overall:

sp := sp + (-1);

mar := sp; mbr := ac; wr;

wr;

Answer:

This pushes the AC value onto the stack.  (Trace this in detail on a drawing of the machine in order to be sure.)

C)
Write the microcode to pop a number from the stack and place it in the AC.

Answer:

mar := sp; rd;

sp := sp + 1; rd;

ac := mbr;

Question:

Can the 3rd line be combined with the 2nd?

Answer: 

No. The MBR is loaded at the end of the 4th subcycle of the 2nd microinstruction, too late for getting it into the AC.

