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1. (20%) Assume compiler A runs a program with a dynamic instruction count of 1.0E9 and spends 1.1 s, and
compiler B runs the same program with a dynamic instruction count of 1.3E9 and computing time of 1.2 s.

(a). (10%) What is the average CPI for each compiler with a clock cycle time of 0.5 ns.

(b). (10%) A new compiler is that uses only 5.0E8 instructions and has an average CPI of 1.2. What is the
speedup of this new compiler comparing to compilers A and B?

2. (30%) As in the table, an MIPS CPU is designed with instructions and latencies. Assume the multiplexors,
control unit, PC accesses, and sign extension unit have no delay.

(a). (10%) What is the critical path if the CPU is working as a single-cycle processor? Why?
(b). (10%) What is the minimum clock speed of the single-cycle processor?

(c). (10%) What is the minimum clock speed if the CPU is working as a multi-cycle processor?

Instructions Insgn:g;ion Rii; s(;er Control hg:l;z:y R\evg;iii;er ALU
sub 300ps 100 ps 200ps 100 ps 100ps
SW 300ps 100 ps 200ps 300ps 100ps
add 300ps 100 ps 200ps 100 ps 100ps
beq 300ps 100 ps 200ps 250ps

3. (20%) Consider a segment MIPS code as below.
(a). (10%) Find the hazards in the preceding code segment.

(b). (10%) Reorder the instructions to avoid any pipeline stalls.

Iw $s1, 0($t0)
Iw $s2, 4($t0)
add $a3, $s1, $s2
sw $a3, 12(5t0)
Iw $s5, 8(5t0)
add $a5, $s1, $s5
sw $a3, 16($t0)
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4. (30%) Assume an adder-subtractor CPU circuit is composed of full-adder (FA) as in the figure. Please
find the value for:

(a). (10%) Find value at (41, b2, C1, ¥, M) for A-B = 0-0.
(b). (10%) Find value at (bo, C1, 42, S2, M) for A-B = -1-(-2).

(c). (10%) Find value at (41, B2, C3, S1, M) for A-B = 0-2.
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