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top right of the first page of the task description, and each additional piece of your own paper.
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Task 1 Parameter Servers (16 points)

(a) Describe the overall system architecture of data-parallel parameter servers, explain its
components and interaction among these components. (10 points)

(b) Describe synchronous (BSP) and asynchronous (ASP) update strategies in data-parallel
parameter servers and name their advantages and disadvantages. (6 points)

Synchronous Updates Asynchronous Updates

Description

Advantages

Disadvantages
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Task 2 Compilation Techniques (21 points)

(a) Given the directed acyclic graph (DAG) below, perform shape inference and determine the
dimensions (number of rows and columns) of the intermediates produced by operations
(4) through (11). The input matrices have the following dimensions: X (30,000× 700), v
(700× 3), and P (30,000× 4). (4 points)

v PX

4 mm

6 b(*)

5 rix

7 ua(R+)

8 b(*)

9 b(-)

10 r(t)

11 mm

H mm       .. matrix             
               multiplication
rix        .. right indexing         
              (1-based indexing, 
                 lower/upper bounds 
                 inclusive)

r(t)        .. transpose

b(*)    .. binary elementwise 
               multiplication 
b(-)       .. binary elementwise 
               subtraction 

ua(R+)  .. unary aggregation,    
               row-wise summation  

Original Expression:

Q = P[, 1:3] * (X @ v);
H = t(X) @ 
    (Q ‐ P[, 1:3] * rowSums(Q));

(b) Sketch an algorithm for common subexpression elimination (CSE) by example of the fol-
lowing script and show both, the original tree and resulting DAG of operators. In the
example, @ refers to matrix multiplication and S2[i,] to matrix indexing. (6 points)

R1 = diag(S1) @ A + S2[i,] @ A

R2 = diag(S1) @ A + S2[i,] @ b

(c) Given the expression sum(A*7+B) where A and B are large matrices, simplify this expres-
sion through rewrites, and explain why the simplified expression likely improves runtime
performance. (4 points)
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(d) Assume an example chain of matrix multiplications (ABCD) with the dimensions below
(all completely dense), compute the optimal parenthesization. Show the cost matrix as
well as the optimal parenthesization order. (7 points)

� A = 10× 5

� B = 5× 50

� C = 50× 2

� D = 2× 1000

Task 3 Data-parallel Execution (10 points)

(a) Given the distributed dataframe D of three partitions below, describe the data-parallel
(MapReduce-like) computation of Q : γA,min(B),max(B)(D) (group-by A, return min(B)
and max(B)) including shuffling and the example intermediates and results. (7 points)

A

X

X

X

B

3

4

1

Y 7

X 2

Y 3

Y

X

Z

5

3

7

X 4

X 1

X 2

(b) Describe the structure of a block-partitioned matrix as one of the widely-used distributed
matrix representations. (3 points)
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Task 4 LLM Training and Inference (6 points)

(a) Explain the process and purpose of tokenization in large language models. (3 points)

(b) Describe the concept of Key-Value (KV) caching in LLM inference. (3 points)

Task 5 Data Access Optimizations (13 points)

(a) Assume an n-by-m matrix X with sparsity nnz(X)
n·m (fraction of number of non-zeros to

cells). In the table below, indicate via a ✓ which matrix block representation is the most
space-efficient one for each of the five different shape/sparsity scenarios (assuming 4 Byte
integer and floating point data types for indexes and values). (5 points)

Shape, Sparsity Dense Compressed Sparse Rows (CSR) Coordinate (COO)

1,000× 1,000, 0.7

1,000× 1,000, 0.5

1,000× 1,000, 0.1

20,000× 50, 0.01

200× 5,000, 0.001

(b) Describe min-max quantization of an FP64 (64bit floating point) representation into UINT8
(8bit integer). Why does such an encoding increase runtime performance? (8 points)
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Task 6 Data Preparation (15 points)

(a) Given the input data below, apply both, feature hashing and one-hot encoding (with string-
length as the hash function and k=2) to the categorical columns A and C, and binning
and one-hot encoding with three equi-width bins to the numerical column B. (10 points)

A B C

Low 0 S
High 3.1 M
Med 7 L
Low 9 XL
Low 15 M
Low 7 M
Med 4.2 L
High 12 XL
High 13 L

(b) Given the following three sentences of single-character tokens, show their encoding in a
bag-of-words matrix representation? (5 points)

� A C A B B G D E F.

� A B A A G D.

� C A A B B B C.

Task 7 Model Selection (8 points)

(a) Describe the task of hyper-parameter tuning by example of Grid Search. Furthermore,
assume seven hyper-parameters with 10 discretized values each, how many models do we
need to train? (8 points)

� Hyper-parameter Tuning:

� Grid Search:

� Example #Models:
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Task 8 Model Debugging (5 points)

(a) Explain the concept of a confusion matrix and show the concrete confusion matrix for the
following example. (5 points)

� Real labels y = {1, 1, 1, 4, 2, 3, 1, 2, 3, 3, 2, 2, 1, 4, 4}.
� Predictions ŷ = {1, 1, 4, 4, 2, 3, 1, 3, 2, 3, 2, 2, 1, 4, 1}.

Task 9 Model Deployment (6 points)

(a) Consider a deployed model M in a cloud serving environment and assume 1,000s of con-
current client requests. Name three strategies for improving model scoring throughput at
the serving site, and the reason for the improvement. (6 points)
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