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Exercise 1.1 

 

Speech Recognition: 

• Performance Measure: Accuracy of transcribing spoken words into text. 

• Environment: Audio input from microphone, with background noise and varying accents. 

• Actuators: Display to verify the text in- and output. 

• Sensors: Microphone or audio input devices. 

Robot Vacuum Cleaner: 

• Performance Measure: Cleanliness of the environment (coverage, dirt collected, time taken). 

• Environment: Physical indoor space with various surfaces and obstacles. 

• Actuators: Wheels/tracks for movement, brushes/suction for cleaning, sensors for obstacle detection. 

• Sensors: Proximity sensors, bumper sensors, wheel encoders, cameras/lidar/sonar for mapping. 

  



Exercise 1.2 

 

Breadth-first search 

c = 1 

g(n) = depth(n) 

d = 0 

h(n) = 0 

f(n) = 1*depth(n) + 0*0 = depth(n) 

Depth-first search 

c = -1 

g(n) = depth(n) 

d = 0 

h(n) = 0 

f(n) = -1*depth(n) + 0*0 = - depth(n) 

Uniform-cost search 

c = 1 

g(n) = pathCost(n) 

d = 0 

h(n) = 0 

f(n) = -1* pathCost(n) + 0*0 = pathCost(n) 

 

  



Exercise 1.3 

  

Useful definitions 

 

… it never overestimates the cost to reach the goal 

 

a) Proof by Induction 

𝐴𝑏𝑏𝑟𝑒𝑣𝑎𝑡𝑖𝑜𝑛: 𝑐 = 𝑐(𝑛, 𝑎, 𝑛′) 

𝑐 … 𝑡𝑟𝑢𝑒 𝑐𝑜𝑠𝑡 𝑓𝑟𝑜𝑚 𝑛 𝑡𝑜 𝑛′ 

 
𝐿𝑒𝑡 𝑘 𝑏𝑒 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑝𝑎𝑡ℎ 𝑓𝑟𝑜𝑚 𝑛′ 𝑡𝑜 𝐺 

 

𝑩𝒂𝒔𝒆 𝑪𝒂𝒔𝒆 (𝒌 = 𝟎): 
ℎ(𝑛) ≤ 𝑐 + ℎ(𝑛′) 

𝑖𝑓 ℎ(𝑛′) = 0 → ℎ(𝑛) ≤ 𝑐 = ℎ∗(𝑛) 

 

𝑷𝒓𝒐𝒑𝒐𝒔𝒊𝒕𝒊𝒐𝒏: 
ℎ(𝑛′) 𝑖𝑠 𝑎𝑑𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒, 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 

ℎ(𝑛′) ≥ 0 𝑎𝑛𝑑 ℎ(𝑛′) ≤ ℎ∗(𝑛) 

 

𝑰𝒏𝒅𝒖𝒄𝒕𝒊𝒗𝒆 𝒔𝒕𝒆𝒑: 

ℎ(𝑛) ≤ 𝑐 + ℎ(𝑛′) ≤ 𝑐 + ℎ∗(𝑛′) = ℎ∗(𝑛) 
→ 

ℎ(𝑛) ≤ ℎ∗(𝑛) 

 

𝑪𝒐𝒏𝒄𝒍𝒖𝒔𝒊𝒐𝒏: 

𝐸𝑣𝑒𝑟𝑦 𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑡 ℎ𝑒𝑢𝑟𝑖𝑠𝑡𝑖𝑐 𝑖𝑠 𝑎𝑑𝑚𝑖𝑠𝑠𝑎𝑏𝑙𝑒 

  



b) Counterexample 

 

Given this Heuristic 

ℎ(𝐶) = 0 
ℎ(𝐵) = 1 

ℎ(𝐴) = 4 

Admissibility is granted 

ℎ(𝐶) = 0 ≤ 0 

ℎ(𝐵) = 1 ≤ 3 

ℎ(𝐴) = 4 ≤ 4 

 

Inconsistency 

ℎ(𝐶) = 0 ≤ 𝑐(𝐶) = 0: 𝑡𝑟𝑢𝑒 → 𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑡 

ℎ(𝐵) = 1 ≤ 3 + ℎ(𝐶) = 3: 𝑡𝑟𝑢𝑒 → 𝑐𝑜𝑛𝑠𝑖𝑡𝑒𝑛𝑡 

ℎ(𝐴) = 4 ≤ 1 + ℎ(𝐵) = 2: 𝑓𝑎𝑙𝑠𝑒 → 𝑖𝑛𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑡 

 

  



Exercise 1.4 

 

 

n … symbolizes not 

 

𝑺 =  𝑻(𝑺):  

𝑆 =  𝑡𝑟𝑢𝑒 →  𝑇(𝑆) =  𝑡𝑟𝑢𝑒 →  𝑆 = 𝑡𝑟𝑢𝑒 …  𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑡 

𝑆 =  𝑓𝑎𝑙𝑠𝑒 → 𝑇(𝑆) =  𝑓𝑎𝑙𝑠𝑒 →  𝑆 =  𝑓𝑎𝑙𝑠𝑒 …  𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑡 

 

𝑺 =  𝒏𝑻(𝑺): 

𝑆 = 𝑡𝑟𝑢𝑒 →  𝑛𝑇(𝑆) =  𝑓𝑎𝑙𝑠𝑒 →  𝑆 =  𝑓𝑎𝑙𝑠𝑒 …  𝑖𝑛𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑡 

𝑆 = 𝑓𝑎𝑙𝑠𝑒 →  𝑛𝑇(𝑆) =  𝑡𝑟𝑢𝑒 →  𝑆 =  𝑡𝑟𝑢𝑒…  𝑖𝑛𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑡 

Since my chosen statement is self-referential, it can break the language. 

  



Exercise 1.5 

 

 

 

 

 

 

  

Step Node g(n) h(n) f(n) s a b c d t Chosen Node

1 s 0 20 20 20  -  -  -  -  - s

2 a 15 15 30 20 30  -  - 26  - d

d 14 12 26

3 c 31 5 36 20 30 31 36 26  - a

b 23 8 31

4 b 21 8 29 20 30 29 36 26  - b

5 c 28 5 33 20 30 29 33 26 35 c

t 35 0 35

6 t 35 0 35 20 30 29 33 26 35 t

7 20 30 29 33 26 35 t

Current Values

Visited Nodes



Exercise 1.6 

 

 

  

Step Node List (FIFO) Explored Step Node Note List (Path Cost) Explored Step Node Limit - Depth Stack Explored

1 A A 1 A A0 1 A 0 A

2 A BCDE A 2 A C3 B4 E5 D7 A

3 B CDE AB 3 C B4 F4 E5 G6 D7 AC 2 A 1 A

4 C DEFG ABC 4 B F4 E5 G6 D7 ACB 3 A 1 BCDE A

5 D EFGHI ABCD 5 F E5 G6 D7 ACBF 4 B 0 CDE AB

6 H EFGI ABCDH 6 E G6 D7 J10 ACBFE 5 C 0 DE ABC

7 G D7 J10 K13 ACBFEG 6 D 0 E ABCD

8 D J10 K13 I14 H17 ACBFEGD 7 E 0 ABCDE

9 J K12 K12 I14 H17 ACBFEGDJ

10 K I14 H17 ACBFEGDJK 8 A 2 A

9 A 2 BCDE A

10 B 1 CDE AB

11 C 1 DEFG ABC

12 F 0 DEG ABCF

Step Node List (FIFO) Explored 13 G 0 DE ABCFG

1 A A 14 D 1 EHI ABCFGD

2 A BCDE A 15 H 0 EI ABCFGDH

3 B CDE AB Step Node Limit - Depth Stack Explored

4 C DEFG ABC 1 A 2 A

5 F DEG ABCF 2 A 2 BCDE A

6 G DEK ABCFG 3 B 1 CDE AB

7 K DEJ ABCFGK 4 C 1 DEFG ABC

5 F 0 DEG ABCF

6 G 0 DE ABCFG

7 D 1 EHI ABCFGD

8 H 0 EI ABCFGDH

Note: Controls if the new node 

in the list is a goal

DFS (Limit=2)

Note: Controls if the new node in the list is a goal

IDS

Note: Controls if the new node in the list is a goal

BFS UCS

DFS

Note: Controls if the new node 

in the list is a goal

Note: Does not controls if the new node in the list is a goal



Exercise 1.7 

 

 

a) h1(n): Number of misplaced tiles 

Is admissible:  

h(g) = 0 … if the puzzle is solved, all tiles are correct 

h(n) >= 0 … either the puzzle is correct, or incorrect and therefore 0 <= h(n) <= 8 

h(n) <= h*(n) … every misplaced tile must be moved at least once, to get it to the correct position 

Is consistent 

 h(n) <= c(n, a, n’) + h(n’) … Three scenarios can occur after a move: 

 1. A misplaced tile is now correct, therefore h(n) <= 1 + h(n’) with h(n’) = h(n)-1 

 2. A misplaced tile is still misplaced, therefore h(n) <= 1 + h(n’) with h(n’) = h(n)  

 3. A correct placed tile is now misplaced, therefore h(n) <= 1 + h(n’) with h(n’) = h(n)+1  

b) h2(n): Manhattan distance 

Is admissible: 

h(g) = 0 … if the puzzle is solved, all tiles are correct 

h(n) >= 0 … either the puzzle is correct, or incorrect and therefore 0 <= h(n) 

h(n) <= h*(n) … every misplaced tile must be moved at least the Manhattan distance to its place, to get it to 

the correct position 

Is consistent: 

h(n) <= c(n, a, n’) + h(n’) … Four scenarios can occur after a move: 

 1. A misplaced tile is now correct, therefore h(n) <= 1 + h(n’) with h(n’) = h(n)-1 

 2. A misplaced tile is still misplaced but further, therefore h(n) <= 1 + h(n’) with h(n’) = h(n)+1 

 3. A misplaced tile is still misplaced but closer, therefore h(n) <= 1 + h(n’) with h(n’) = h(n)-1 

 4. A correct placed tile is now misplaced, therefore h(n) <= 1 + h(n’) with h(n’) = h(n)+1 

  



Exercise 1.8 

 

Answer: True 

BFS and DFS are only complete if the search space is finite. 

Therefore, this infinite graph cannot be solved: 

 

 

 

 

 

 

 

 

 

Since the number of steps to find s → t via BFS or DFS are n+1, 

and as n tends to infinity, so do the number of steps. 

 

 

 

 

  



 

Answer: True 

h(n) <= h*(n) … Correct, since the Chebyshev Distance is always smaller than the Manhattan distance 

  
h(n) >= 0 … Correct, since the bigger number of two positive numbers (absolute value) is positive 

h(g) = 0 … Correct, since A == B and therefore the rook does not have to move 

 

 

  



 

Answer: True/False 

There are 2 variants of the A* algorithm, therefore there are also 2 answers: 

1) A* tree search algorithm delivers an optimal solution when used with an admissible heuristic.  

Tree search: We do not keep a closed list → the same node can be visited multiple times 

2) A* graph search algorithm delivers an optimal solution when used with a consistent heuristic (stronger condt.) 

Graph search: We keep a closed list of visited nodes → the same node won’t be visited multiple times 

Proof by contradiction of A* with tree search: 

1. Suppose A* with an admissible heuristic wasn't optimal. 

2. This would mean A* finds a longer path to the goal first, while there exists a shorter one. 

3. Given the heuristic is admissible, the estimated cost of the shorter path must be less than its true cost. 

4. A* always picks the path with the lowest estimated total cost next, contradicting the assumption that it found a 

longer path first. 

5. Hence, A* must be optimal when using an admissible heuristic 

  



Exercise 2.1 
 

 

Useful equations 

𝐵(𝑞) = −(𝑞 ∗ 𝑙𝑜𝑔2𝑞 + (1− 𝑞) log2(1 − 𝑞))…q = proportion  

𝑅𝑒𝑚(𝐴) = ∑
𝑝𝑘 + 𝑛𝑘
𝑝 + 𝑛

∗ 𝐵 (
𝑝𝑘

𝑝𝑘 + 𝑛𝑘
)…𝑝 = 𝑝𝑜𝑠. ; 𝑛…𝑛𝑒𝑔; 𝑥𝑘…𝑘 = 𝑠𝑡𝑎𝑡𝑒((𝑇, 𝐹)(𝑚,𝑛, 𝑝, 𝑓))

𝑑

𝑘=1

 

𝐺𝑎𝑖𝑛(𝐴) = 𝐵 (
𝑝

𝑝 + 𝑛
)−𝑅𝑒𝑚(𝐴)…𝑝 = 𝑝𝑜𝑠. ; 𝑛…𝑛𝑒𝑔. 

 

Selection of the first attribute 

𝐺𝑎𝑖𝑛(𝐵) = 𝐵 (
6

6 + 3
) − 𝑅𝑒𝑚(𝐵) = 0.918− 0.539 = 0.379 

𝐺𝑎𝑖𝑛(𝑅) = 𝐵 (
6

6+ 3
) −𝑅𝑒𝑚(𝑅) = 0.918− 0.845 = 0.073 

𝐺𝑎𝑖𝑛(𝑃) = 𝐵 (
6

6 + 3
) − 𝑅𝑒𝑚(𝑃) = 0.918 − 0.539 = 0.379 

𝐺𝑎𝑖𝑛(𝐺) = 𝐵 (
6

6 + 3
) − 𝑅𝑒𝑚(𝐺) = 0.918 − 0.000 = 0.918 

 

By choosing attribute “G”, we gain the most information (Gain = 0.918) 

  



Conclusion 

Further attribute selection is not necessary, since the attribute “G” creates a perfect mapping 

 

 

 

 

 

 

 

 

 

 

 

 

  

Book Genre 

novel = T 

biography= T 

politics= T 

poetry= T 

romance= T 

mystery= T 

fiction= T 



Exercise 2.2 

 

 

Selection of the first attribute (V = 9) 

𝐺𝑎𝑖𝑛𝑅(𝐵) =
𝐺𝑎𝑖𝑛(𝐵)

𝐻(𝐵)
=

0.379

0.520 + 0.471
= 0.382 

𝐺𝑎𝑖𝑛𝑅(𝑅) =
𝐺𝑎𝑖𝑛(𝑅)

𝐻(𝑅)
=

0.073

0.471 + 0.520
= 0.074 

𝐺𝑎𝑖𝑛𝑅(𝑃) =
𝐺𝑎𝑖𝑛(𝑃)

𝐻(𝑃)
=

0.379

0.528+ 0.471 + 0.352
= 0.280 

𝐺𝑎𝑖𝑛𝑅(𝐺) = 𝐵
𝐺𝑎𝑖𝑛(𝐵)

𝐻(𝐵)
=

0.918

0.482+ 0.352 + 0.352 + 0.482+ 0.352 + 0.352+ 0.352
= 0.139 

 

By choosing attribute “B”, we gain the most relative information (GainR = 0.382) 

 

Selection of the first attribute (V = 2) 

 

Given this table it is clear, everything could be used to get the correct “Liked?” value,  

since both times, the “Liked?” value is true. 

Therefore I choose R as the next distinguisher: 

 

 

 

 

 

 

 

 

  

Sample B R P G Liked?

6 ⊥ ⊤ <150 poetry T

9 ⊥ ⊤ <150 biography T

1,5,7  2,3,4,6,8,9 

Bestseller 

2,3,4,8 

 

 

1,5,7  6,9 

Release < 2000 

 

T F 

T F 

6,9 

 

1,5,7 

 



Exercise 2.3 

 

a) 

Even though the regular information gain is a good measure to search for the most relevant attribute, it can lead to 

some problems. If the chosen attribute has a lot of distinct values, like the value in our example, which can take 7 

different values, it is likely to result in a bigger information gain. If, for example, the value would be evaluated on a 

scale from 1 to 100, it quite certainly would lead to a huge information gain, especially if the gathered data is such a 

small sample, but this approach does not lead to a better decision tree. This issue can be mitigated by using the 

relative information gain, because the number of distinct values for each attribute is taken into account. 

b) 

Yes, but only if the parameters are chosen “correctly”. For example, the release date parameter (< 2000) is horrible 

for books. This might produce a valid tree but does not help at all. If we have a huge sample size and “good” it might 

be feasible. Better options would have been: writing style or theme. 

To get better trees, we would need a bigger sample size and better parameters and update the tree every 10 books. 

c) 

Maybe I am missing a vital parameter.  

The DTL algorithm would still build a decision tree, but the final node could still not be classified. 

“Clean” the dataset, by either deleting both examples, or only pick more sensible one and delete the other.  

Add another parameter and try again. 

  



Exercise 2.4 

 

𝑅𝑒𝑚(𝐴) =∑
𝑝𝑘 + 𝑛𝑘
𝑝 + 𝑛

∗ 𝐵 (
𝑝𝑘

𝑝𝑘 +𝑛𝑘
)

𝑘

 

= 𝐵 (
𝑝

𝑝 + 𝑛
) ∗∑

𝑝𝑘 +𝑛𝑘
𝑝 + 𝑛

𝑘

 

= 𝐵 (
𝑝

𝑝 + 𝑛
) ∗ 1 

Since 
pi

pi+ni
 is equal for all i, we can pull the B() out of the sum 

 

𝐺𝑎𝑖𝑛(𝐴) =  𝐵 (
𝑝

𝑝 + 𝑛
)− 𝑅𝑒𝑚(𝐴) 

= 𝐵 (
𝑝

𝑝 + 𝑛
)−𝐵 (

𝑝

𝑝 + 𝑛
) 

= 0 

  



Exercise 2.5 

 

𝑥1 = 1 
𝑥2 = 1 

𝑔1(𝑥) = {
1, 𝑥 ≥ 0.5
 0, 𝑥 < 0.5

 

𝑔2(𝑥) = 𝑥 
𝑔3(𝑥) = 𝑔1(𝑥) 
𝑔4(𝑥) = −𝑥 

𝑔5(𝑥) =
1

1 + 𝑒−𝑥
 

 

𝑔(∑𝑖𝑛𝑝𝑢𝑡𝑖 ∗ 𝑤𝑒𝑖𝑔ℎ𝑡𝑖  ) 

𝑛1: 𝑔1(1 ∗ 4+ 1 ∗ 0) = 𝑔1(4) = 1 
𝑛3: 𝑔3(1 ∗ −1 − 5) = 𝑔3(−6) = 0 
𝑛2: 𝑔2(1 ∗ 1 + 0 ∗ 3+ 1 ∗ 1) = 𝑔2(2) = 2 
𝑛4: 𝑔4(2 ∗ 1 + 0 ∗ −1+ 1 ∗ 2) = 𝑔4(4) = −4 
𝑛5: 𝑔5(1 ∗ −1 + 2 ∗ −2+ (−4) ∗ −4 + 1 ∗ 5) = 𝑔5(16) = 0.999~1  

 

𝑦1 = 𝑛2 = 2 
𝑦2 = 𝑛5 = 1 
𝑦3 = 𝑛4 = −4 

  



Exercise 2.6 

 

A 4-bit multiplexer can be built with 2 Not Gates, 4 AND Gates and one OR Gate: 

 

These Gates can be built from neurons and the given g(x): 

AND Gate: 

 

 

 

  



 

Therefore the multiplexer can be built like this: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  



Exercise 2.7 

 

Useful equations 

𝑖𝑛 =  ∑𝑤𝑖 ∗ 𝑥𝑖
𝑖

 

ℎ𝑤 = 𝑔(𝑖𝑛) 

𝐸𝑟𝑟 = 𝑦 − ℎ𝑤 …𝑦 = 𝑓(𝑥) 

𝑤𝑖 = 𝑤𝑖 + 𝛼 ∗ 𝐸𝑟𝑟 ∗ 𝑔
′(𝑖𝑛) ∗ 𝑥𝑖 

Initial situation 

𝑤1 = 0 

𝑤2 = 0 

𝛼 = 1 

1. Round: f(3, 1) = 6 

𝑖𝑛 = 0 ∗ 3 + 0 ∗ 1 + 1 = 1 
ℎ𝑤(3,1) = 𝑔(1) = 1 
𝐸𝑟𝑟 = 6− 1 = 5 
𝑔′(1) = 1 
𝑤1 = 0+ 1 ∗ 5 ∗ 1 ∗ 3 = 15 
𝑤2 = 0 + 1 ∗ 5 ∗ 1 ∗ 1 = 5 

2. Round: f(0, 2) = 12 

𝑖𝑛 = 15 ∗ 0+ 5 ∗ 2 + 1 = 11 
ℎ𝑤(0,2) = 𝑔(11) = 11 
𝐸𝑟𝑟 = 12− 11 = 1 
𝑔′(11) = 1 
𝑤1 = 15+ 1 ∗ 1 ∗ 1 ∗ 0 = 15 
𝑤2 = 5 + 1 ∗ 1 ∗ 1 ∗ 2 = 7 

 

  

3. Round: f(4, -7) = 12 

𝑖𝑛 = 15 ∗ 4+ 7 ∗ (−7) + 1 = 12 
ℎ𝑤(4,−7) = 𝑔(12) = 12 
𝐸𝑟𝑟 = 12− 12 = 0 
𝑔′(12) = 1 
𝑤1 = 15+ 1 ∗ 0 ∗ 1 ∗ 4 = 15 
𝑤2 = 7 + 1 ∗ 0 ∗ 1 ∗ (−7) = 7 

4. Round: f(-8, 12) = -35 

𝑖𝑛 = 15 ∗ (−8) + 7 ∗ 12 + 1 = −35 
ℎ𝑤(−8,12) = 𝑔(−35) = 35 
𝐸𝑟𝑟 = −35− (−35) = 0 
𝑔′(−35) = 1 
𝑤1 = 15+ 1 ∗ 1 ∗ 0 ∗ −8 = 15 
𝑤2 = 7 + 1 ∗ 1 ∗ 0 ∗ 12 = 7 

 



𝑓(𝑥1, 𝑥2) = 𝑔(𝑤0 +𝑤1 ∗ 𝑥1 +𝑤2 ∗ 𝑥2) = 𝑔(1+ 15𝑥1 +7𝑥2) = 1+ 15𝑥1 + 7𝑥2 

𝑓(3,1) = 1 + 15 ∗ 3 + 7 ∗ 1 = 37 
𝑓(0, 2) = 1 + 15 ∗ 0+ 7 ∗ 2 = 15 

𝑓(4,−7) = 1 + 15 ∗ 4 + 7 ∗ (−7) = 12 

𝑓(−8,12) = 1 + 15 ∗ (−8) + 7 ∗ 12 = −35 
 

The learned function f(x1, x2) does not produce the correct values 

 

By converting the equations into a matrix, we can prove via the gauss elimination method, if a correct solution exists 

(

3 1 6
0 2 12
4 −7 12
−8 12 −35

) 

𝐼𝐼𝐼 = 𝐼𝐼𝐼 −
4

3
∗ 𝐼 

 

(

 
 

3 1 6
0 2 12

0 −
25

3
4

−8 12 −35)

 
 

 

𝐼𝑉 = 𝐼𝑉 +
8

3
∗ 𝐼 

 

(

 
 
 

3 1 6
0 2 12

0 −
25

3
4

0
44

3
−19)

 
 
 

 

𝐼𝐼𝐼 = 𝐼𝐼𝐼 +
25

6
∗ 𝐼𝐼 

 

(

 
 

3 1 6
0 2 12
0 0 54

0
44

3
−19

)

 
 

 

 

This would mean 0*x1 + 0*x2 = 54, which cannot be true, therefore no solution exists 

 

 

  



Exercise 2.8 

 

A perceptron evaluates to the following function 

𝑓(𝑥1, 𝑥2) = 𝑔(𝑤0 + 𝑥1 ∗ 𝑤1 + 𝑥2 ∗ 𝑤2) 

XOR should therefore validate the following system of equations 

𝐼: 𝑓(0, 0) = 0 
𝐼𝐼: 𝑓(0, 1) = 1 

𝐼𝐼𝐼: 𝑓(1, 0) = 1 

𝐼𝑉: 𝑓(1,1) = 0 

𝐼: 𝑓(0, 0) = 𝑔(𝑤0) 

𝐼𝐼: 𝑓(0, 1) = 𝑔(𝑤0 +𝑤2) 

𝐼𝐼𝐼: 𝑓(1, 0) = 𝑔(𝑤0 +𝑤1) 
𝐼𝑉: 𝑓(1,1) = 𝑔(𝑤0 +𝑤1 +𝑤2) 

The result of the step-function is “1”, if 𝑔(𝑥) ≥ 𝑡 and “0” if 𝑔(𝑥) < 𝑡 

Mapping these constrains to our system of equations leads to the following 

𝐼:𝑤0 < 𝑡 
𝐼𝐼:𝑤0 +𝑤2 ≥ 𝑡 

𝐼𝐼𝐼:𝑤0 +𝑤1 ≥ 𝑡 

𝑉𝐼:𝑤0 +𝑤1 +𝑤2 < 𝑡 

Therefore the following transformations must lead to a valid result 

𝐼, 𝐼𝐼𝐼: 

𝑤0 < 𝑡 ≤ 𝑤0 +𝑤1 
𝑤0 < 𝑤0 +𝑤1  | − 𝑤0 

𝑤1 > 0 

𝐼𝐼, 𝐼𝑉: 

𝑤0 +𝑤1 +𝑤2 < 𝑡 ≤ 𝑤0 +𝑤2 
𝑤0 +𝑤1 +𝑤2 < 𝑤0 +𝑤2  | − (𝑤0 +𝑤2) 

𝑤1 < 0 

 

But they don’t. 

 

  



Exercise 3.1 

 

a) 

Variables:  

C, R, O, S, A, D, N, G, E, X1, X2, X3, X4, X5 

Domain:  

{0, 1, 2, 3, 4, 5, 6, 7, 8, 9} 

Constraints: 

Alldiff(C, R, O, S, A, D, N, G, E) 

 

C != 0 

R != 0 

D != 0 

… because they are the first digit of each number 

 

S + S = R + 10*X1 

X1 + S + D = E + 10*X2 

X2 + O + A = G + 10*X3 

X3 + R + O = N + 10*X4 

X4 + C + R = A + 10*X5 

X5 = D 

… to ensure the addition is correct 

  



b) 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

c) 

Solution found via following online decoder: https://www.dcode.fr/cryptarithm-solver 

CROSS+ROADS=DANGER 
96233+62513=158746 

  

AllDiff 

C R O S A D N G 

X1 X2 X3 X4 X5 

E 

Math Const. 

https://www.dcode.fr/cryptarithm-solver


Exercise 3.2 

 

Heuristics: 

Degree Heuristic (DH) 

Selects the node that is involved in the largest number of constraints on other unassigned nodes 

Minimum Remaining Values Heuristic (MRVH) 

Choose the variable with the fewest legal values 

 

 

 

 

  

Step Heuristic Candidates Visited Nodes

1 DH 6 6

2 MRVH 3,5,8,9,10

DH 3 3,6

3 MRVH 5 3,6,5

4 MRVH 2,4,7,8,9,10

DH 1,4,9

MIN 1 3,6,5,1

5 MRVH 2 3,6,5,1,2

6 MRVH 4 3,6,5,1,2,4

7 MRVH 7 3,6,5,1,2,4,7

8 MRVH 8,9,10

DH 9 3,6,5,1,2,4,7,9

9 MRVH 8 3,6,5,1,2,4,7,9,8

10 MRVH 10 3,6,5,1,2,4,7,9,8,10



 

 

 

  



Exercise 3.3 

 

a) 

𝑨𝒄𝒕𝒊𝒐𝒏(𝐶𝑟𝑜𝑠𝑠(𝑟1,𝑟2, 𝑏)) 

              𝑷𝒓𝒆𝒄𝒐𝒏𝒅:𝑎𝑡(𝑟1) ∧  𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑(𝑟1, 𝑏) ∧  𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑(𝑟2, 𝑏) ∧ (𝑟1 ! = 𝑟2) ∧ ! 𝑏𝑟𝑜𝑘𝑒𝑛(𝑏) 

              𝑬𝒇𝒇𝒆𝒄𝒕:𝑎𝑡(𝑟2) ∧ ! 𝑎𝑡(𝑟1) 

𝑨𝒄𝒕𝒊𝒐𝒏(𝑅𝑒𝑝𝑎𝑖𝑟(𝑟, 𝑏)) 

              𝑷𝒓𝒆𝒄𝒐𝒏𝒅:𝑎𝑡(𝑟) ∧  𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑(𝑟, 𝑏) ∧ 𝑏𝑟𝑜𝑘𝑒𝑛(𝑏) 

              𝑬𝒇𝒇𝒆𝒄𝒕: ! 𝑏𝑟𝑜𝑘𝑒𝑛(𝑏) 

 

𝑎𝑡(𝑟)… 𝑃𝑙𝑎𝑦𝑒𝑟 𝑖𝑠 𝑖𝑛 𝑟𝑜𝑜𝑚 r 

𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑(𝑟, 𝑏)…𝑅𝑜𝑜𝑚 is connected to bridge "b" 

𝑏𝑟𝑜𝑘𝑒𝑛(𝑏)…𝐵𝑟𝑖𝑑𝑔𝑒 "b" 𝑖𝑠 𝑏𝑟𝑜𝑘𝑒𝑛 

  

Samll error:
Should also include a notBroken(b) statement, since strips cannot contain negative attributes like !broken(b)

Highlight



 

Initial state: r8 

Goal: r1 

 

  



Exercise 3.4 

 

 

Move(H,LR) 

Take(LR,WK) 

Move(LR,BSM) 

TAKE(BSM,H) 

TAKE(BSM,N) 

Move(BSM,LR) 

Move(LR,HW) 

Move(HW,BLC) 

PUT(BLC,WK) 

PUT(BLC,H) 

PUT(BLC,N) 

  

Abbreviations: 

BLC … Balcony 

HW … Hallway 

LR … Living Room 

BSM … Basement 

 

WK … Wooden Kit 

H … Hammer 

N … Nails 



Exercise 3.5 

 

a) Monetary Value 

(100− 5) ∗ 0.1%+ (50 − 5) ∗ 0.2%+ (1− 5) ∗ 99.7% = −3.803€ 

 

b) Rational to buy a ticket 

EU(buy) = 0.1% ∗ U(Sk+100) + 0.2% ∗ U(Sk+50) + 99.7% ∗ U(Sk+1) 

= 0.1% ∗ U(Sk+100) + 0.2% ∗ 35 ∗ U(Sk+5) + 99.7% ∗ U(Sk+1) 
= 0.1% ∗ U(Sk+100) + 0.2% ∗ 35 ∗ 5 ∗ U(Sk+1) + 99.7% ∗ U(Sk+1) 

= 0.001 ∗ 𝑈(𝑆𝑘+100) + 1.347 ∗ 𝑈(𝑆𝑘+1) 

EU(!buy) = 𝑈(𝑆𝑘+5) = 5 ∗ 𝑈(𝑆𝑘+1) 

𝐸𝑈(𝑏𝑢𝑦) ≥ 𝐸𝑈(!𝑏𝑢𝑦) 
0.001 ∗ 𝑈(𝑆𝑘+100) + 1.347 ∗ 𝑈(𝑆𝑘+1) ≥  5 ∗ 𝑈(𝑆𝑘+1) 

0.001 ∗ 𝑈(𝑆𝑘+100) ≥  3.653 ∗ 𝑈(𝑆𝑘+1) 

𝑈(𝑆𝑘+100) ≥  3653 ∗ 𝑈(𝑆𝑘+1) 

 

c) Defining 𝑼(𝑺𝒌+𝟓) 𝒂𝒏𝒅 𝑼(𝑺𝒌+𝟏𝟎𝟎) 

𝑈(𝑆𝑘+100) ≥  3653 ∗ 𝑈(𝑆𝑘+1) 

𝑈(𝑆𝑘+100) ≥  3653 ∗
1

5
∗ 𝑈(𝑆𝑘+5) 

𝑈(𝑆𝑘+100) ≥  730.6 ∗ 𝑈(𝑆𝑘+5) 

 

𝑈(𝑆𝑘+1) = 1 
     →  𝑈(𝑆𝑘+5) = 5 

     →  𝑈(𝑆𝑘+100) = 730.6 ∗ 5 = 3653 

 

  



Exercise 3.6 

 

a) Infinite monetary value 

𝐸𝑀𝑉(1) =
1

21
∗ 21 

𝐸𝑀𝑉(2) =
1

21
∗ 21 +

1

22
∗ 22  

𝐸𝑀𝑉(3) =
1

21
∗ 21 +

1

22
∗ 22 +

1

23
∗ 23 

… 

𝐸𝑀𝑉(𝑛) =∑
1

2𝑛 
∗ 2𝑛

𝑛

𝑖=1

 

=∑1

𝑛

𝑖=1

 

= 𝑛 

lim
𝑛→∞

𝑛 = ∞ 

 

b) Expected Utility 

𝐸𝑈(1) =
1

21
∗ 𝑎 ∗ 𝑙𝑑(21) + 𝑏 

𝐸𝑈(2) =
1

21
∗ 𝑎 ∗ 𝑙𝑑(21) + 𝑏 +

1

22
∗ 𝑎 ∗ 𝑙𝑑(22) + 𝑏 

… 

𝐸𝑈(𝑛) =∑
1

2𝑖
∗ 𝑎 ∗ 𝑙𝑑(2𝑖) + 𝑏

𝑛

𝑖=1

 

=∑
1

2𝑖
∗ 𝑎 ∗ 𝑖 + 𝑏

𝑛

𝑖=1

 

=∑
𝑎 ∗ 𝑖

2𝑖

𝑛

𝑖=1

+∑
𝑏

2𝑖

𝑛

𝑖=1

 

= 𝑎 ∗∑
𝑖

2𝑖

𝑛

𝑖=1

+𝑏 ∗∑
1

2𝑖

𝑛

𝑖=1

 

lim
𝑛→∞

𝑎 ∗∑
𝑖

2𝑖

𝑛

𝑖=1

+ 𝑏 ∗∑
1

2𝑖

𝑛

𝑖=1

= 𝑎 ∗ 2+ 𝑏 ∗ 1  

                                                   = 2𝑎 + 𝑏 




