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Problem 1: (10%)

1. (2%) Please explain why we need virtual memory and explain its pros and cons.

2. (2%) TLB is usually much smaller than the page table. Hence, fully associative is a good choice to
design the TLB. Is it still a good choice to use fully associative if we enlarge the TLB size? Please
explain your reasons.

3. (2%) The multi-level cache is usually applied in modern systems. Please determine what kind of]
strategy is proper for cache consistency in writing data.

4. (2%) Please explain the difference between the multi-word cache organization and set-associative
organization and explain their pros and cons.

5. (2%) Please explain why the nonblocking cache can improve the cache bandwidth.

Problem 2: (30%)

You have to run a program, which requires 4GB of memory space. Unfortunately, your computer system

only allocates 2GB DRAM to this program. Hence, applying the virtual memory technique is necessary,

and we assume that the total page size is 4KB. Besides, you also implement the write-back consistency

policy and the LRU replacement policy in this virtual memory technique.

1. (10%) How large is the involved page table at least?

2. (10%) We assume that the CPU in your system accesses the data in this program randomly (i.e., no data
locality). At the quasi-stationary, please show the approximated page fault rate.

3. (10%) If we have a TLB in this system and the TLB miss rate is 75% at the quasi-stationary, how large
is the involved TLB at least?

Problem 3: (25%)
Now, you have a 32-bit processor, including a cache with 16KB data. We assume that the write-back

consistency policy and the LRU replacement policy are both implemented in this cache as well. Please

analyze the different architecture designs below.

1. (5%) How many total bits are required if the direct-mapping strategy is involved, and the one-word
block is considered?

2. (5%) How many total bits are required if the direct-mapping strategy is involved, and the four-word
block is considered?

3. (5%) How many total bits are required if the two-way set-associative strategy is involved, and the four-
word block is considered?

4. (5%) TLB is usually adopted in modern systems. If we use the 32-bit address to access the TLB with
10 entries and each page size is 4KB, how large is the involved TLB?

5. (5%) By following the previous question, how large is the involved page table?

Problem 4: (20%)

The clock cycle time of a given processor is 1ns. We assume only one level cache is installed in this system
and every data can be found in the main memory. Besides, we know the miss penalty is 20 clock cycles;
the average miss rate is 5%; the cache access time is one clock cycle. Today, we have a program, and 40%
of codes can be executed parallelly.

1. (10%) Please find the average memory access time of this system.

2. (10%) How many cores do you have to use to double the performance of this system? Please explain

your answer.
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Problem 5: (15%)

clock cycle to complete all tasks in each pipeline stage.

Figure 1 shows a 5-stage pipelined MIPS CPU to support a simple code in Figure 2. We need to spend one

IDIEX

5, EXIMEM
Control M I WEB
\J EX

sub $2, $1, $3
and $12, $2, $5
or $13, %6, %2
add $14, $2, $2
sw $15, 100($2)

Figure 2

Figure 1. You need to show the ALU architecture.

please explain your re-design strategy. If not, please describe your reason.
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1. (5%) Do we need to stall this architecture in Figure 1 to run the code in Figure 27 If yes, please determine
how many cycles we should stall and explain your reasons. If not, please describe your reason.
2. (5%) To support the code in Figure 2, please design a minimum viable product (MVP) of the ALU in

5%) Is it possible to move the Adder from the third pipeline stage to the second pipeline stage? If yes,
p
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