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. (8 What isthe difference between avirtual and a physical address? [5 marks]
(b) Explain the principle behind virtual address trandation. [10 marks]
(c) What does atranglation look-aside buffer (TLB) do? [5 marks]

. Theclassical RISC pipeline (e.g. used by the MIPS R2000 processor) isdepicted
below:

instruction | register execute memory register
fetch fetch access write back

Using the above pipeline as a basis for discussion, explain the following terms
and their performance implications:

(a) load delay dlots [10 marks]

(b) delayed branches [10 marks]

. (@) Why isdatalocality exploited in processor designs? [5 marks]
(b) What is aregister file and a cache, and how do they assist datalocality?

[15 marks]



4. The ARM ADD instruction has the following assembler syntax:
ADD{cond}{S} Rd, Rn,< Op2 >
where < cond > isthe conditiona execution part
{S} setscondition codes if present
< Op2 >=Rm, < shift > or < #expression >
Rd, Rn, Rm are registers
< #expression > iSaconstant expression
< shift > is< shiftname >< register >
or < shiftname > #expression
or RRX (rotate right one bit with extend)
< shiftname > isoneof: ASL arithmetic shift left
LSL logical shift left (sameas ASL)
LSR logical shift right
ASR arithmetic shift right
ROR rotate right

The ARM multiply and multiply-accumul ateinstructionshavethefollowing syn-
tax:

MU L{cond}{S} Rd, Rm, Rs
MLA{cond}{S} Rd, Rm, Rs, Rn

where {cond} isthe condition part
{S} setsthe condition codesif present
MUL performs Rd = Rm X Rs
M LA performs Rd = Rm x Rs + Rn

And the ARM move instruction has the following syntax:
MOV{cond}{S} Rd, < Op2 >

where {cond} isthe condition part
< Op2 > same as the definition for < Op2 > for ADD

(8 Why wouldtheexpressiona = b x 3 becompiledintoan AD D instruction

rather thana MU L? [3 marks]
(b) What would be assembler for a = b x 3 beif b washeld inregister R1 and
a wasto be held in register R2? [3 marks]

Assuming multiplicationwas performed by a2-bit Booth’ salgorithm, how would
a = b x 83 be compiled if optimisation wasfor:

() Minimum code space? [7 marks]
(d) Maximum speed? [7 marks]

N.B. for full marks both the code and an explanation are required.



