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[20%] (1) (12%) Write MIPS assembly codes that implement a sort function on an array v with the
size of n. Note that you need to add comments to each line of your written assembly codes (2) (8%)
Please also'describe your ideas on implementing the sort function using a high-level programming
language such as C. Note that your written high-level programming codes should support your
assembly codes.

[20%] Explain the following terms.
(a) (4%) Forwarding

(b) (4%) Fully associative cache
(c) (4%) IEEE 754 standard

(d) (4%) Branch prediction

(e) (4%) SRAM

[20%] The following questions are for the five-pipeline-stage MIPS processor design.

(a) (10%) Draw the data path of the five-pipeline-stage MIPS processor with_hazard detection and
forwarding capabilities.

(b) (5%) Hlustrate and explain in details how a branch instruction is executed in your drawn data
path of the five-pipeline-stage MIPS processor.

(c) (5%) What is data hazard and how this problem can be resolved in the five-pipeline-stage MIPS
processor design in (a)? Please design an example assembly program to help illustrate and
explain'in details.

[20%] Cache designs are important for enhancing the performance of a processor system. Below is a

list of 32-bit memory address references, given as word addresses.

73,33, 131, I8, 217 25, 18L. 21, [94.253. [, 11

(a) (4%) For each of these references, identify the binary address, the tag, and the index given a
direct-mapped cache with 16 one-word blocks. Also list if each reference is a hit or a miss,
assuming the cache is initially empty. Please also calculate the overall miss rate accordingly.

(b) Youare asked to optimize a cache design for the given references. There are three possible direct-
mapped cache designs, all with a total of 8 words of data: Cl has |-word blocks, C2 as 2-word
blocks, and C3 has 4-word blocks.

[.  (3%) In terms of miss rate, which cache design is the best?
II. (3%) If the miss stall time is 25 cycles, and C1 has an access time of 2 cycles, C2 takes 3
cycles and C3 takes 5 cycles, which is the best cache design?

(¢) (5%) Show the final cache content for a three-way set associative cache with two-word blocks
and a total size of 24 words. Use LRU replacement. For each reference, identify the index bits,
the tag bits, the block offset bits and if it is a hit or a miss, assuming the cache is initially empty.
Please also calculate the overall miss rate accordingly.

(d) (5%) Show the final cache content for a fully associative cache with one-word blocks and a total
size of 8 words. Use LRU replacement. For each reference, identify the index bits, the tag bits,
the block offset bits and if it is a hit or a miss, assuming the cache is initially empty. Please also
calculate the overall miss rate accordingly.
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. [20%] Please design a finite-state machine based cache controller, The key characteristics of the |

target cache are shown below.

B Direct-mapped cache

B Write-back using write allocate

B Block size is 4 words (16 bytes)

B Cache size is 32 KB, so it holds 2048 blocks

B 32-byte addresses

B The cache includes a valid bit and a dirty bit per block

2

The signals between the processor and the cache are.

I-bit Read or Write signal

I-bit Valid signal, saying whether there is a cache operation or not
32-bit address

32-bit data from processor to cache

33-bit data from cache to processor

[-bit Ready signal, saying the cache operation is complete

(a) (10%) Please draw the state diagram of your designed finite-state machine based cache
controller with all necessary signals in each state and transitions between states.
(b) (10%) Explain in details the functionalities of each state and transitions between states.
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