
Technische Universitaet Wien
Page 1 of 4 pages

Written exam on 10 June 2021

Course: Rechnerstrukturen Course no. 182.690

Exam time: 2 hours

All aids allowed, including open Internet

Weighting: All problems are weighted equal

Name: Study number:

Show your study id at the beginning so I can take a screen shot at the start of the
exam. Let the camera on during the exam.

Please send your solution as a single PDF per email to me (masca@dtu.dk). Send it
from your TU Wien account. Have your real name in the Zoom session. Write your name
and student number at the beginning of the document. Insert a picture of your study id a
the last page of your submission. Please use your study number as the name of the PDF.

Answers are evaluated based on correctness, completeness, and conciseness (i.e., answers
must be correct, show how the result is obtained, and contain only the necessary text). If
some specification is missing, just state your own specification and continue the problem
according to your stated specification.

You may give your answers in following languages: English or German.

If there are questions I am available on the Zoom (chat) and on Slack.
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Problem 1

Translate following C code to RISC-V assembly code. Use a minimum number of in-
structions. Assume that the values of a, b, i, and j are in registers x5, x6, x7, an x29,
respectively. Also assume that register x10 holds the base address of array D.

for (i=0; i< a; ++i)
for (j=0; j<b; ++j)

D[4*j] = i + j

Problem 2

Questions on the 5-stage RISC-V pipeline, as in the textbook.

• Are there structural hazards in the example RISC-V 5-stage pipeline? If so, what
are they and can we do anything about it?

• In the 5-stage RISC pipeline we read the register file during decode. Why can we
already read the register file when we do not (yet) know what the instruction is (as
it is decoded in the decode stage)?

182.690 ... continued on the next page



Technische Universitaet Wien
Page 3 of 4 pages

Problem 3

For a direct-mapped cache with write through with a 32-bit address, the following bits of
the address are used to access the cache:

tag: 31–9, index: 8–4, offset: 3–0

1. What is the cache line size (in bytes)

2. How many entries/lines does the cache have?

3. What are the total number of bits required for such a cache implementation and how
many bits for the data storage?

The cache is empty on power on. Starting from power on, the following byte-addressed
cache references are recorded:

9, 12, 100, 10, 256, 1, 270, 275, 268, 12, 2000, 15, 268

4. Simulate the cache content change on paper (including line number) and classify each
access as hit or miss.

5. What is the hit ratio?

Problem 4

For the cache configuration given above, assume the following C program:

extern char text[]
// has been initialized somewhere else

int sum = 0;
int i;

for (i = 0; i < 1024; ++i) {
sum += text[i]

}

Assume that variables sum and i are allocated in registers.

• How many hits and misses will this program generate?

• Furthermore, assume a cache with double the size (doubling size of the blocks/lines,
not the number). How many hits and misses will this program have?
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Problem 5

Questions on performance and the memory system:

• Performance is measured in execution time. Which factors do influence the execution
time?

• When does a page fault occur?

• What is the use of the Translation Look-aside Buffer (TLB)?

End of the Exam
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