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INSTRUCTIONS

1. You have 2 hours to do this test, which is PLENTY of time.

2. Begin this test by reading it through and writing your name on EVERY page in case they become separated.

3. In this test you will consider the repercussions of changes to the data path of the BETA. For reference, here’s the original BETA data path:


4. Now consider the following changes, hereafter known as the new machine:


5. Note that there are two areas of change, indicated by the two ovals. Note also the bit-field numbers (in the form of x : y) that indicate thee inclusive range of bits in the instruction word that are used to specify RA, C, and RB. 
Question 1:

The original BETA was described as a three address machine, because most instructions combined two source registers and wrote a result to a third destination register. If the new machine is an N address machine, what is N ?

Answer: N = ________________

Question 2:

The original BETA operated “from left to right”, i.e. in most cases with RA and RB/Constant as the source, and RC as the destination. Explain for the new machine which registers are used for the source of operations, and which are used for the destination:

Answer: _______,________are the source of operations ; ___________is the destination

Question 2:

The original BETA could utilize 16 bit constants in its instruction, capable of encoding a 2’s compliment number from –32768 through +32767. How many bits are available for constants within an instruction of the new machine?

Answer: Number of Bits = ___________________

Question 3:

What range of 2’s compliment constants can this new number of bits represent?

Answer: 

Range of constants in new machine = From ______________ Through______________
Consider the following code for the original BETA, which implemented the factorial function:

fact:
PUSH(lp)


PUSH(bp)


MOV(sp,bp)


PUSH(r1)


LD(bp,-3,r1)


BRNZ(r1,big)


MOVC(1,r0)


BR(rtn)

big:
SUBC(r1,1,r1)


PUSH(r1)


BR(fact,lp)


DEALLOCATE(1)


LD(bp,-3,r1)


MUL(r1,r0,r0)

rtn:
POP(r1)


MOV(bp,sp)


POP(bp)


POP(lp)


JMP(lp)
Question 4: 

Some of the instructions for BETA factorial are easily transformed into appropriate (but different) single instructions for the new machine (for example, SUBC (r1, 1, r1) can be changed to SUBC (r1, 1)). Other instructions are more problematic. Circle those instructions in the code above which are difficult to replace with an appropriate single instruction in the new machine. Hint: be sure to consider the definitions of PUSH and POP in the original BETA given below:

.macro PUSH(RA)

ADDC(SP,1,SP)  ST(RA,-1,SP)

.macro POP(RA)

LD(SP,-1,RA)   ADDC(SP,-1,SP)
Question 5:

It is possible to lower the number of bits used in the constant field of the new machine to sixteen, thereby creating a “two address + one constant” machine. Which bits in the instruction word should be used for the constant field to create this sort of machine?

Bits of Instruction Word to be Used for Constants:_________________

Question 6: 

For the two address plus constant machine, which instructions, if any, of the BETA factorial code are difficult to implement with appropriate, but possibly different, single instructions? Mark any such instructions in the code below:

fact:
PUSH(lp)


PUSH(bp)


MOV(sp,bp)


PUSH(r1)


LD(bp,-3,r1)


BRNZ(r1,big)


MOVC(1,r0)


BR(rtn)

big:
SUBC(r1,1,r1)


PUSH(r1)


BR(fact,lp)


DEALLOCATE(1)


LD(bp,-3,r1)


MUL(r1,r0,r0)

rtn:
POP(r1)


MOV(bp,sp)


POP(bp)


POP(lp)


JMP(lp)
Question 7: Recall that the base of frame pointer BP is merely a convenient register for referencing items on the stack without worrying about the current location of the stack pointer. In the space below, complete the re-write of BETA factorial without using the BP.

fact:
PUSH(lp)


PUSH(r1)


LD(sp,      , r1)

;
Fill in the correct constant here






; 
and fill in the rest of the program
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