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[20250128] INFOB3CC - Concurrency - 2 - USP

Course: Concurrency (INFOB3CC)

= The exam is a closed book exam.

= The exam must be made alone. No communication with others is allowed.

= Provide brief and concise answers. Overly verbose responses or nonsense added to
otherwise good answers can deduct from your grade.

= When asked to explain your choice on a multiple choice question, your reasoning
should explain why your chosen answer is correct and why the others are not correct.

= If a question does not give you all the details you need, you may make reasonable
assumptions. Your assumptions must be clearly stated. If your solution only works
under certain conditions, state them.

* You may assume that threads do not crash.

= You have two hours to complete the exam. You can go back to previous questions.

= Good luck! (:

Number of questions: 7

You can score a total of 39 points for this exam, you need 20.29 points to pass the exam.
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This questions is about the hardware of a typical GPU with lockstep execution.

a.

What set of threads runs together in lockstep execution?

a.

b.

All threads in a warp.

All threads running together with Simultaneous Multi-Threading.
All threads in a thread block.

All threads in a grid.

All threads on the GPU.

What happens if threads running in lockstep take different paths in an if-then-else statement?

a.

d.

It follows the control flow of the first thread. All threads execute only the branch that the
first thread takes.

It executes both branches. Threads are marked as inactive in one of the two braches.

Threads are executed sequentially by a different part of the hardware, not with lockstep
execution.

This is not supported by most GPUs.

What property or properties of a memory-bound kernel have a direct impact on the occupancy,
or the number of threads that can run in parallel on a Streaming Multiprocessor of the GPU?

a.

Whether it mixes integer and floating point computations, or only performs one kind of
computation.

The required amount of shared memory per thread block.
The memory access pattern.
The number of registers or variables of the program.

The required size of global memory.

The GPU has several optimizations to improve the performance of memory. Which of those
does one (partially) miss out on, if one performs random reads instead of structured reads?

a.

b.

Memory coalescing
Warp convergence
Caches
Determinism

Atomicity
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e. Assume we can solve a problem either with random reads and structured writes, or structured
reads and random writes. The random reads are not overlapping; we don't read an element
twice. The random writes are also not overlapping; we don't write to the same index multiple
times.

Which option is likely to be faster?

a. Structured reads and random writes, since the GPU uses cache lines to read values,
but not to write values.

b.  Structured reads and random writes, since writes can be performed asynchronously.

c. Random reads and structured writes, since random writes would require additional
synchronisations.

d. Random reads and structured writes, since a GPU has a large memory bandwidth only
for reading values.

e. These perform similarly, since the cost for random reads is similar to the cost of random
writes.

This question is about parallel scan algorithms on GPUs and the synchronisation methods of these
algorithms.

a. A common advice is to ensure that thread blocks are independent. What does this advice
mean?
b. How does this make GPU algorithms scalable (to different sizes of GPUs)?

Parallel scans on GPUs split the input into tiles, which are then handled by different thread blocks.

C. How does the reduce-then-scan algorithm communicate information between the different tiles
of the array?

d. How does the chained scan algorithm communicate information between the different tiles of
the array?
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In this question, we consider the implementation of depth of field, an image processing effect that
blurs the parts of an image that are out of focus. One difficulty in implementing this is that the size of
the blur — the number of pixels of the input image that are blurred into one pixel of the output image —
differs per pixel. For the pixels in focus, this size will be one (i.e. only the matching input pixel
contributes to the output pixel), and for the pixels out of focus this may be a large number. All the
input pixels in the neighbourhood given by the blur size should contribute equally, and the shape of
the blur is square.

We assume the image is a grayscale image and that color (brightness) is represented as a single
number per pixel.

a. First, we assume that the blur size is the same for all pixels. The output at index (x, y) is the
average of all pixels (X', y') where |x - X'| £ 3and |y - y| £ 3; each pixel is thus the average of
the pixels in the input on a 5 by 5 square.

What is the name of the data-parallel pattern that should be used here?
b. We implement the blur computation in a single kernel. What is an important optimization for an

implementation of the used parallel pattern in this scenario? Give the name of this optimization
and explain why it works.

You may ignore the pixels near the edge of the image.

C. It is possible to make this operation faster by splitting it into two kernels, where the second
kernel continues with the output of the first kernel. Explain how and why this will likely make it
faster.

You may ignore the pixels near the edge of the image.

In reality, the blur size is not the same for all pixels. For simplicity we will from now on consider a
1-dimensional input. You may also assume that the blur size is always an odd nhumber and that the
blur of a pixel never goes out of bounds of the array.

We are now given two input arrays: an array of colors (brightnesses) and an array of blur sizes. Each
pixel in the output should now be based on as many pixels as the blur size of that pixel.

As an example, consider the following scenario:

Color 10 0 2 4 8 11 2

Blur size 1 3 3 5 1 3 1

Output 10/1= 12/3=4 |6/3=2 25/5=5 |8/1=8 21/3=7 |2/1=2
10

d. How can this be implemented with the data-parallel patterns that we discussed? Ensure that

the speed of your implementation is independent of the blur sizes. You may get fewer or no
points if your solution is too slow.

To get more accurate results, we want to specify the blur sizes "the other way round". Previously, we
specified for each output pixel how many input pixels it should combine. Here, we instead specify for
each input pixel, how many output pixels it should contribute to.

In the same example, the output would now be:

[20250128] INFOB3CC - Concurrency - 2 - USP Questions - Page 4 of 8



3.5 pt.

2 pt.

2 pt.

Color 10 0 2 4 8 11 2
Blur size 1 3 3 5 1 3 1
Output 10/1+0 |0/3+2/ |0/3+2/ (2/3+4/ |4/5+8/ |4/5+11 |11/3+2
/3 3+4/5 3+4/5 5 1+11/3 |/3 /"1
e. How can this form of blurring be implemented with the data-parallel patterns we discussed?

Ensure that the speed of your implementation is independent of the blur sizes. You may get
fewer or no points if your solution is too slow.

Consider the following algorithm, which performs two recursive calls of arrays of half the size and a
loop of \/ﬁ iterations:

procedure eagle (ps)

n = length (ps)
if n == 0 { return 0 }
a = eagle(slice(ps, 0, n * 0.5))
b = eagle(slice(ps, n * 0.5, n))
c =20
for (i 0; i * i < n; 1i++) {

c += ps[i * i]

psli * i] += Db

return c

The two recursive calls before the for loop are executed in parallel. Note that the loop terminates

when % * ¢ > M and thus has \/H iterations.

The array length and slice (view the subarray between two indices, without copying) functions can be
executed in constant time.

a. What is the asymptotic span of this algorithm? Show how you computed the span.

b. What is the asymptotic work of this algorithm? Show how you computed the work.
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Hilda wants to determine how much water will collect in the terrain after a heavy rainstorm (because
her dog loves to swim). She begins with a one-dimensional model of the problem, where she has a
vector (one-dimensional array) of integers representing the elevation of that point. The points are
recorded at evenly spaced intervals. For example, the following terrain map:

would be given as the vector:

elevation = [0, O, 1, O, 2, 1, O, 1, 3, 2, 1, 2, 1, 0]

This terrain can trap one unit of water in the first basin (between the first block and next, which is 2
blocks high), 4 units of water in the next basin (between the first stack of two blocks and the stack that
is three blocks high) and finally one unit of water in the third basin (between the second and third
two-block high stacks), as shown below:

Thus the total amount of water that can be held by this terrain is 6 units, which is the result that the
function should return.

As the terrain map is very large, we want to use data parallelism to compute the result.

Using the patterns discussed in the lectures (map, stencil, etc.), give a parallel algorithm that will
compute the total number of units of water that will be collected in a given terrain.
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Consider the following attempt to implement a parallel scan over an array xs of n values:

parallel for (i in 0 .. n) {

}

output[i] = parallel fold(xs,

0,

i)

Function parallel_fold(xs, a, b) folds the elements of xs between indices a (inclusive) and b (exclusive)
in parallel, with linear work and logarithmic span. The different iterations of the loop are executed in

parallel. Note that we assume that the system supports nested data parallelism.

a.

What is the work of this algorithm?

a.

b.

o(1)
O(log n)
O(n/log n)
o(n)

O(n log n)
G(n2 /log n)
o(n?)

O(n2 log n)

What is the span of this algorithm?

a.

b.

o(1)
O(log n)
@(n/log n)
Q(n)

@(n log n)
O(n?/ log n)
o(n?)

G)(n2 log n)
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1 pt. c. What is the overhead of this algorithm?
a. 0(1)
b. O(logn)
c. O(n/logn)
d O(n)

e. O(nlogn)

f. G)(n2 /log n)

g. e(nZ)
h. G(n2 log n)

05pt. d. Is this algorithm efficient?
a. No
b. Yes

05pt. €. Is this algorithm optimal?
a. Yes
b. No

7 Charles has developed a sequential algorithm to predict the weather, which runs in O(nz) time. Tina
has the idea for a new algorithm which can be parallelised to run in ©(n log(n)) steps, at the expense
of increasing the work to O(n3).

2 pt. a. Charles thinks that their company will not be able to afford the processors necessary to make
the new algorithm worthwhile. How many processors will be required for Tina's algorithm to be
worthwhile (asymptotically) over Charles' algorithm? Motivate your response.

2 pt. b. What is the maximum number of processors that the company should purchase for Tina's

algorithm (asymptotically)? Motivate your response.
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= The exam is a closed book exam.

= The exam must be made alone. No communication with others is allowed.

= Provide brief and concise answers. Overly verbose responses or nonsense added to otherwise
good answers can deduct from your grade.

= When asked to explain your choice on a multiple choice question, your reasoning should
explain why your chosen answer is correct and why the others are not correct.

= If a question does not give you all the details you need, you may make reasonable
assumptions. Your assumptions must be clearly stated. If your solution only works under
certain conditions, state them.

= You may assume that threads do not crash.

= You have two hours to complete the exam. You can go back to previous questions.

= Good luck! (:
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a.

Answer:

Answer:

Answer:
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b. Answer:
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C. Answer:

d. Answer:
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a.

Answer:

Answer:
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60000000
60000000
60000000
6 0
6 0
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a.

Answer:

Answer:
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Elaboration of the answer

1. a. 1pt. A

5 pt.
b. 1pt B
c. B
D
d A
C
e. 1pt C
2. Correction criterion Points
6 pt. a.
Within a kernel, 0t0 0.5
points
the different threadblocks don't communicate / don't synchronize / can be executed |0 to 1
independently from each other points
Total points: 1.5 points
b Correction criterion Points
The hardware is free to assign blocks to any processor (SM) at any time [ O to 0.8 points
This can scale to any number of SMs (if there are sufficient thread blocks) [0 to 0.7 points
Total points: 1.5 points
c Correction criterion Points
The algorithm is split into multiple kernels 0to 0.5
points
The scan phase (last kernel) only starts when all work of the reduce phase (first Oto1
kernel) is finished. points
Total points: 1.5 points
d Correction criterion Points
It blocks within a kernel 0t0 0.5
points
After the reduce-phase, a thread block waits (blocks) on the result of the previous |0 to 1
thread block points
Total points: 1.5 points
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3. Correction criterion |Points
11pt. 4
stencil 0 to 1 points
Total points: 1 point
b Correction criterion Points
Tiling / strip mining 0 to 1 points
Compute output in an order to reuse values that we already read (in cache) |0 to 1 points
Total points: 2 points
c Correction criterion Points
stencil 5x1 after stencil 1x5 (or the other way around) | 0 to 1 points
Fewer memory operations and/or calculations 0 to 1 points
Total points: 2 points
d Correction criterion Points
Integral image / integrallmg = scanl (+) O colors 0 to 1 points
backpermute / gather (or imap / generate) to read 0 to 1 points
integrallmg !! (idx + blurSize / 2) and integrallmg !! (idx - blurSize / 2)
Subtract these and divide by blurSize 0 to 0.5 points
Total points: 2.5 points
o Correction criterion Points
zipWith (/) color blurSize 0to 0.7
points
permute or scatter 0t0 0.8
points
permute to add each color to the location where it starts contributing (idx - 0to 0.5
blurSize/2) points
permute to subtract each color from the location where it stops contributing (idx + [0 to 0.5
blurSize/2 + 1) points
scanl (+) 0 Oto1
points
Total points: 3.5 points
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a.

Correction criterion

Points

f(n) = sqgrt(n) = n*0.5

0 to 0.5 points

T(n) = T(n/2) + sqrt(n)

0 to 0.5 points

Case 3
OR: f dominates over recursive calls

0 to 0.5 points

Span is T(n) = O(sqrt(n))

0 to 0.5 points

Total points:

2 points

Correction criterion

Points

f(n) = sqrt(n)

0 to 0.5 points

T(n) = 2T(n/2) + sqrt(n)

0 to 0.5 points

Case 1
OR: recursive calls dominate over f

0 to 0.5 points

Spanis T(n) = O(n)

0 to 0.5 points

Total points: 2 points
Correction criterion Points
An element of the array can store water if there are higher bars on the left and the right 1 point
Compute the maximum height seen so far on the left: max| = scanl1 max elevation 1 point
Compute the maximum height seen so far on the right: maxr = scanr1 max elevation 1 point

Given these pre-computed arrays, the amount of water stored at each point: zipWith3 (\l'r |1 point
h -> min | r - h) maxl maxr elevation

Sum the result of the previous step: fold (+) 0 1 point

Total points: 5
points

a. 1pt. G

b. 1pt. B

c. 1pt D

d. 0o5pt. A

e. 05pt. B
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7. Correction criterion Points
4pt. 4
The break even point is at P = Wt/Sc = n*3/n*2 = n. With less than this number of Oto2
processors, the sequential algorithm is faster. points
Total points: 2
points
b Correction criterion Points
The transition between the work bound and span bound phase is P = work / span=[0to 2
n*3 /nlog(n) =n*2/log n. points
Total points: 2 points
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Caesura

Applied guessing score: 1.59 pt

Points scored Grade 10 3.02
39 10 9 2.78
38 9.76 8 2.54
37 9.52 7 2.30
36 9.28 6 2.06
35 9.04 5 1.82
34 8.80 4 1.58
33 8.56 3 1.34
32 8.32 2 1.10
31 8.08 1 1.00
30 7.83 0 1.00
29 7.59
28 7.35
27 7.11
26 6.87
25 6.63
24 6.39
23 6.15
22 5.91
21 5.67
20 5.43
19 5.19
18 4.95
17 4.71
16 4.47
15 423
14 3.99
13 3.75
12 3.50
11 3.26
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These identifiers can be used to track the exact origin of the question. Use these identifiers together with the
identifier of this document when sending in comments about the questions, so that your comment can be
connected precisely with the question you are referring to.
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Question number
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Question identifier Version identifier
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