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1. (20%) Draw a single-cycle datapath for MIPS R-type instructions SW and BNE (including
instruction decoder and control signals to multiplexors and state elements).

2. (25%) Given a 32-bit machine with byte-addressable memories.

(@) (10%) Draw a four-way set-associative cache that has a total of 1024 lines with one word
per line.

(b) (5%) Calculate the total amount of cache memory in bytes.

(¢) (10%) Find the binary values of (1)tag, (2)index, and (3)byte-offset for byte address 1200 in
the cache of (a).

3. (25%) Assume a 5-stage pipelined processor similar to MIPS is going to execute the following
code fragment.

Loop: LW R2, O(R1)
ADDI R1,R1,4
ADD R3,R3, R2
SUBI R4,R4, 1
BNEZ R4, Loop #1fR4 =0 go to Loop

The initial value of R4 is 10. Assume that all possible forwarding paths are present in the pipeline.
The cache is direct-mapped with a line size of 4 words. Initially the cache has all entries marked
as invalid. The cache has a 1-cycle hit time and takes an additional 10 cycles on a cache miss. The
branch prediction unit predicts each branch as the same as its last seen outcome. Each branch mis-
prediction yields a 2-cycle penalty.

Note: answers without clear reasoning are unacceptable!

(a) (15%) What is the runtime in cycles to execute the above code?

(b) (5%) If the order of the ADDI and ADD instructions is switched in the code shown above, will
the runtime change? If so, by how much?

(¢) (5%) If the order of the ADD and SUBI instructions is switched in the code shown above, will
the runtime change? If so, by how much?

4. (30%) Assume a fully-connected neural network containing 1 input layer, 3 hidden layers, and 1
output layer.

®  The input layer has 256 nodes, each of which represents an 8-bit pixel of a 16*16 grayscale
image.
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(a)

(b)

(©)
(d)

Each of the 3 hidden layers contains 256 neurons, which computes a weighted sum of all
nodes in its precedent layer, adds a bias value, and performs ReL.U activation (i.e. the result
remains the same if it is positive; otherwise it becomes 0). In other words, the j-th neuron of
the i-th layer: x;; compute max(X 2% Xi—1 4 X Wi jx + by j, 0).

The output layer has 10 nodes, each of which represents a digit (i.e. 0, 1, 2, ... , 9). The j-th
output node x4, computes Y333 x5 X Wy j + b, ; without ReLU.

(5%) What is the amount of storage (in bytes) that are needed if the weights and biases are
both represented as IEEE 754 single-precision floating-point numbers?

(10%) Due to cost issues, only a 1IKByte SRAM is allowed to store the weights on chip
(assume biases are handled independently), and the design team decides to implement a
direct-mapped cache mechanism to simplify the management of on-chip (i.e. IKbyte SRAM)
and off-chip (i.e. containing all weights) storages. Assume one cache block stores 32-byte
data. What are the on-chip storage requirements in addition to the 1Kbyte SRAM for weights?

(5%) What is the miss rate of the weight cache in (b)?

(10%) Describe how to improve the weight memory organization in (b) under the same cost
constraint. Note: answers without clear reasoning are unacceptable!




