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𝐏(𝐴, 𝑅, 𝑉, 𝐸, 𝑁) =
𝐏(𝐴 ∣ 𝑅, 𝑉, 𝐸, 𝑁)𝐏(𝑅 ∣ 𝑉, 𝐸, 𝑁)𝐏(𝑉 ∣ 𝐸, 𝑁), 𝐏(𝐸

∣ 𝑁)𝐏(𝑁)

a.)

b.) Choose a topological order for nodes:
(N, R, V, E, A)

𝐏(𝑁)𝐏(𝑅 ∣ 𝑁)𝐏(𝑉 ∣ 𝑁)𝐏(𝐸)𝐏(𝐴
∣ 𝑅, 𝑉, 𝐸)

𝑃(𝑎, 𝑟, ¬𝑣, 𝑒, 𝑁 = ℎ𝑖𝑔ℎ) =c.)

𝑃(𝑁 = ℎ𝑖𝑔ℎ)𝑃(𝑟 ∣ 𝑁 = ℎ𝑖𝑔ℎ)𝑃(¬𝑣 ∣ 𝑁 = ℎ𝑖𝑔ℎ)𝑃(𝑒)𝑃(𝑎 ∣ 𝑟, ¬𝑣, 𝑒)

= 0.75 ∗ 0.2 ∗ 0.8 ∗ 0.05 ∗ 0.65 = 0.0039



Query: 𝑃(𝑎𝑙𝑎𝑟𝑚 ∣ ¬𝑒𝑎𝑟𝑡ℎ𝑞𝑢𝑎𝑘𝑒, 𝑣𝑎𝑛𝑑𝑎𝑙𝑖𝑠𝑚)

𝐏(𝑋 ∣ 𝐞) = 𝛼 ∗ 𝐏(𝑋, 𝐞) = 𝛼 ∗ ∑
𝐲
𝐏(𝑋, 𝐞, 𝐲)

𝑋 = {𝐴𝑙𝑎𝑟𝑚}
𝐄 = {𝑉𝑎𝑛𝑑𝑎𝑙𝑖𝑠𝑚, 𝐸𝑎𝑟𝑡ℎ𝑞𝑢𝑎𝑘𝑒}
𝐞 = {¬𝑒𝑎𝑟𝑡ℎ𝑞𝑢𝑎𝑘𝑒, 𝑣𝑎𝑛𝑑𝑎𝑙𝑖𝑠𝑚}
𝐘 = {𝑅𝑜𝑏𝑏𝑒𝑟𝑦, 𝑁𝑞𝑢𝑎𝑙𝑖𝑡𝑦}

= 𝛼∑
𝐫,𝐧
𝑃(𝑎𝑙𝑎𝑟𝑚,¬𝑒𝑎𝑟𝑡ℎ𝑞𝑢𝑎𝑘𝑒, 𝑣𝑎𝑛𝑑𝑎𝑙𝑖𝑠𝑚, 𝐫, 𝐧)

= 𝛼[𝑃(𝑎, ¬𝑒, 𝑣, 𝑟, 𝑁 = ℎ) + 𝑃(𝑎,¬𝑒, 𝑣, 𝑟, 𝑁 = 𝑙) + 𝑃(𝑎, ¬𝑒, 𝑣, ¬𝑟, 𝑁 = ℎ) + 𝑃(𝑎, ¬𝑒, 𝑣, ¬𝑟, 𝑁 = 𝑙)]

𝑃(𝑎𝑙𝑎𝑟𝑚 ∣ ¬𝑒𝑎𝑟𝑡ℎ𝑞𝑢𝑎𝑘𝑒, 𝑣𝑎𝑛𝑑𝑎𝑙𝑖𝑠𝑚) =
𝑃(𝑎𝑙𝑎𝑟𝑚,¬𝑒𝑎𝑟𝑡ℎ𝑞𝑢𝑎𝑘𝑒, 𝑣𝑎𝑛𝑑𝑎𝑙𝑖𝑠𝑚)

𝑃(¬𝑒𝑎𝑟𝑡ℎ𝑞𝑢𝑎𝑘𝑒, 𝑣𝑎𝑛𝑑𝑎𝑙𝑖𝑠𝑚)

= 𝛼𝑃(𝑎𝑙𝑎𝑟𝑚,¬𝑒𝑎𝑟𝑡ℎ𝑞𝑢𝑎𝑘𝑒, 𝑣𝑎𝑛𝑑𝑎𝑙𝑖𝑠𝑚)

where 𝛼 =
1

𝑃(¬𝑒,𝑣)
=

1

∑𝐚,𝐫,𝐧𝑃(¬𝑒,𝑣,𝐚,𝐫,𝐧)



where 𝛼 =
1

𝑃(¬𝑒,𝑣)
=

1

∑𝐚,𝐫,𝐧𝑃(¬𝑒,𝑣,𝐚,𝐫,𝐧)

We know how to compute each probability:

𝑃(𝑎,¬𝑒, 𝑣, 𝑟, 𝑁 = ℎ)

= 𝑃(𝑁 = ℎ)𝑃(𝑟 ∣ 𝑁 = ℎ𝑖𝑔ℎ)𝑃(𝑣 ∣ 𝑁 = ℎ𝑖𝑔ℎ)𝑃(¬𝑒)𝑃(𝑎 ∣ 𝑟, 𝑣, ¬𝑒)

= 𝛼[𝑃(𝑎, ¬𝑒, 𝑣, 𝑟, 𝑁 = ℎ) + 𝑃(𝑎,¬𝑒, 𝑣, 𝑟, 𝑁 = 𝑙) + 𝑃(𝑎, ¬𝑒, 𝑣, ¬𝑟, 𝑁 = ℎ) + 𝑃(𝑎, ¬𝑒, 𝑣, ¬𝑟,𝑁 = 𝑙)]

And

∑
𝐚,𝐫,𝐧

𝑃(¬𝑒, 𝑣, 𝐚, 𝐫, 𝐧) = 𝑃(¬𝑒, 𝑣, 𝑎, 𝑟, 𝑁 = ℎ) +⋯+ 𝑃(¬𝑒, 𝑣, ¬𝑎, ¬𝑟, 𝑁 = 𝑙)

= 0.75 ∗ 0.2 ∗ 0.2 ∗ 0.95 ∗ 0.75 = 0.021375

To avoid computing 𝛼 in this way, compute 𝐏(𝐴 ∣ ¬𝑒, 𝑣) = 𝛼𝐏(𝐴 ∣ ¬𝑒, 𝑣) 

instead where,

𝛼 =
1

𝑃(𝑎,¬𝑒, 𝑣) + 𝑃(¬𝑎,¬𝑒, 𝑣)













Σ = ⟨𝒪 = {𝗃𝗂𝗆, 𝗌𝖺𝗋𝖺𝗁}, 𝒫 = {𝗌𝖺𝗆𝖾𝖭𝖾𝗂𝗀𝗁𝖻𝗈𝗋𝗁𝗈𝗈𝖽, 𝗌𝗍𝗋𝖺𝗇𝗀𝖾𝗋𝗌, 𝗉𝖾𝗋𝗌𝗈𝗇, 𝖼𝗋𝗂𝗆𝗂𝗇𝖺𝗅, 𝗀𝗈𝗈𝖽𝖭𝖾𝗂𝗀𝗁𝖻𝗈𝗋}, 𝒱 = {𝑋, 𝑌}⟩

Answer set question [propositionalization or grounding]:

Assume the following signature:





















Arc Examined Values Deleted

All arcs

𝑉1 → 𝑉2

𝑉1 → 𝑉3

𝑉2 → 𝑉1

𝑉2 → 𝑉3

𝑉3 → 𝑉1

𝑉3 → 𝑉2

New arcs

𝑉1(𝐺)

𝑉2(𝐺)

𝑉1 → 𝑉2 𝑉1(𝑅)

𝑉2 → 𝑉1

𝑉3 → 𝑉1
None

None

None

None

None

None

𝑉3 → 𝑉1

𝑉3 → 𝑉2

𝑉3 → 𝑉1

𝑉2 → 𝑉3

𝑉2 → 𝑉1

𝑉1 → 𝑉3

𝑉1 → 𝑉2

𝑉2 → 𝑉1

𝑉1 → 𝑉2



R,B

R,BR,B











# of B’s to the left of a W + # of W’s to the right of a B

2

One alternative:

H(n)=

Why?

WW_BBWB 2 + 1

WWWBB_B

Cost of move: 2

0 + 0

Just numerator H(n)

3/2

Not admissible! Admissible!



Additional detail:

.._BW.. [1+1+z] —> ..WB_..[0+0+z]

..BW_..[1+1+z] —> .._WB..[0+0+z]
etc.

.._BBW.. [2+1+z] —> ..WBB_..[0+0+z]

..BWW_..[1+2+z] —> .._WWB..[0+0+z]

.._WBW..[1+1+z] —> ..WWB..[0+0+z]

..BWB_..[1+1+z] —> .._WBB..[0+0+z]
etc.

Applying rule 2 with cost 2, 
always decreases h(n) by max 3/2 or 2/2, 
both values which are less than 2

Applying rule 1 with cost 1, 
always decreases h(n) by max 2/2, 
which is less than or equal to 1

Another alternative: ℎ(𝑛) = 1/2∑
𝑖
𝑤𝑖

Take half the sum of the number of white tiles to
the right of each black tile 

It will take at least one move for a white tile to move past each black tile. Dividing by half ensures 

that we never overestimate since it's possible for a white tile to hop two black tiles in a single move.



• When: 23-10-27 14:00 -18:00

• Using WISEflow, which means you do the exam on your own laptop.

• You need to install the FLOWlock Browser

• See link on course page for more information

• 2nd occasion: 23-01-04 14:00 -18:00



www.ida.liu.se/~TDDC17
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