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CSSE 232 – Computer Architecture I
Rose-Hulman Institute of Technology

Computer Science and Software Engineering Department

Exam 1

Name: Section: 1 2 3 4 5

This exam is closed book. You are allowed to use the reference card from the book
and one 8.5” × 11” single sided page of hand written notes. You may not use a computer,
phone, etc. during the examination.

You may use a calculator on this exam.
Write all answers on these pages. Be sure to show all work and document your code.

Do not use instructions that we have not covered (e.g. no mul or div but you can use
instructions like slli, srl, etc).

RISC-V code is judged both by its correctness and its efficiency. Unless otherwise stated,
you may not use RISC-V pseudoinstructions when writing RISC-V code.

For Pass/Fail problems there will be a redo opportunity for partial credit on a future
date. You must submit a good faith effort to qualify for the redo opportunity.

Question Points Score

Problem 1 20

Problem 2 15

Problem 3 20

Problem 4 25

Problem 5 20

Total: 100

November 17, 2022 page i of 11



Fall 2022-2023 initials: CSSE 232

Problem 1. Consider the following RISC-V assembly code snippet disassembled from the
xv6 operating system, with partial machine language translations to the right. Note
that the translation is in decimal unless specified otherwise.

0x0040 0000 Loop: bge a1, a0, L8 [___]

0x0040 0004 addi s1, a1, 8

0x0040 0008 srai s1, a5, 12

0x0040 000c addi a1, a1, 16

0x0040 0010 jal x0, Loop [___]

0x0040 0014 L8: add a1, a1, x0

0x0040 0018 jalr x0, 0(ra)

012345678910111213141516171819202122232425262728293031

0 5 0

8 11 0 9 0x13

15 9

1 -1 0

0 11

0x67

(a) (12 points) Fill in the 24 missing values in the instructions above. You may write
in decimal or in hex, but must clearly indicate if it is in hex. Write any immediates
for UJ and SB instructions in base 10 between the square brackets before filling the
table. Do not use binary in the table.

(b) (5 points) Consider the following assembled branch instruction. Assuming this in-
struction is at address 0x0040 0020, what address will the branch go to when it is
taken? Show your work.

1 111111 00110 00101 000 0000 1 1100011

(c) (3 points) This block of 7 instructions is replicated multiple times throughout the
kernel code. Would the bge and jal instructions have the same machine translation
in every replicate as the ones in the table above? Why or why not?
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Problem 2. (15 points) Pretend you are an assembler. For each pseudo-instruction in the
following table, give a minimal sequence of actual RISC-V instructions to accomplish
the same thing. You may need to use x31 for some of the sequences. BIG indicates an
immediate value that is 32 bits and SML indicates an immediate value that fits in 12
bits. You may need to refer to specific bits of the immediate by index, e.g. SML[11].

Pseudo-instruction Description
lwByIndex t0, t1, t2 t1 contains a pointer to

an array, and t2 an index
in that array, t0 will get
the data from the array
at index t2 (t0 = t1[t2]).

PUSH a0 Makes space on the stack
and then pushes the data
in a0 onto the stack.

LL12 t0, 0x888 Loads the lower 12 bits
of a register, filling the
top 20 bits with 0s.
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Problem 3. Your team is designing a RISC-V-like machine with 16-bit instructions, 12-bit
addresses, and 16-bit words. Assume the machine has 64 different opcodes and has 8
registers.

(a) (5 points) Your team creates an instruction format that has an opcode, one register
operand, and an immediate. Draw the instruction format for this instruction type.
Label each field and show the size (in bits) of each field. Be sure to label any unused
bits.

(b) (5 points) If the above format is used for pc-relative branches, what is the range
of branch targets? Express your answer as the number of instructions before and
after the PC where the branch can go (for example, “from PC-400 to PC+200
instructions”)

1. Explain your addressing mode, specifically how you use the immediate field to
calculate the branch target.

(This problem continues on the next page. . . )
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(c) (5 points) Consider the pseudo-instruction la that loads large immediate values
(addresses that are 12-bits in size) into a register. How should la be implemented?
Remember, you are the designer – you may use instructions with the format above
or design new instruction formats.

(d) (5 points) Justify your design; state both the major advantages and the major dis-
advantages of your design (more than one of each).
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Problem 4. (25 points) Below is python code for a small program. Based on the code,
answer the following questions and then complete the missing portions of the procedure
below, adhering to the RISC-V procedure call conventions. Do NOT optimize or change
the logic of this code.

def calc_value(A):

x = A + 7

y = adjust(x)

z = y + 3

z = modify(z, 3)

result = x - z

return (result)

You can assume that both adjust and modify are procedures that exist (you do not
need to write them), and these procedures follow the RISC-V calling conventions. As-
sume all local variables (e.g. x and y) are only stored in registers and not in main memory.
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calc value:

jal ra, adjust ;call to adjust

jal ra, modify ;call to modify
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jalr x0, 0(ra)
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Problem 5. You are the lead designer for a real-time 32-bits RISC-V processor. Your
customer has demanded that the execution time of the benchmark program should not
be longer than 5 µ seconds.

(a) (5 points) Your customer has provided you with a sample set of benchmarks that
they wish to run on your processor. After some calculations, your team collects
the following data from the benchmark suite. Calculate the average CPI for your
processor.

Instruction Type CPI Count
mem 10 400
branch 3 50
arithmetic 7 200
logical 3 60
jump 1 40

(b) (5 points) What is the minimum clock frequency (remember, frequency = 1
cycle time

)
that your processor must run at in order to meet the customer’s requirements?

question continues on next page...
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(c) (5 points) Your team noticed that a large portion of the benchmark program is
made up of memory operations, and thus they have suggested adding a few com-
plex instructions that can read and write from memory in one instruction. After
some analysis, this leads to reducing the number of memory instructions by 25%.
However, memory instructions now take 12 cycles to execute. What is the new
average CPI?

(d) (5 points) Assuming you keep the processor running at the same minimum fre-
quency calculated earlier, will the new design still meet the clients requirements?
Show your work to support your answer.
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