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Relaxation heuristics

F = {a, b, c, d , e, f }
sinit = {a, b}
sgoal = {d , f }

O =

pre add del c
o1 a,b b a 1
o2 b,c a b 1
o3 c e ∅ 2
o4 c,e d e 2
o5 a,c,d f a 1
o6 a,b c ∅ 1

Compute
hadd(sinit)
hmax (sinit)
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hmax
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Relaxation heuristics

F = {a, b, c, d , e, f }
sinit = {a, f }
sgoal = {d}

O =

pre add del c
o1 a,f b f 1
o2 c a,d c 1
o3 a,b c,e a 1
o4 c,b d c,b 2
o5 a e,f ∅ 3

Compute
hLM−Cut(sinit)
hFF (sinit)

Michaela Urbanovská PUI Tutorial 8 5 / 13



hLM−Cut
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hFF

Overall algorithm:
Create reachability graph
Mark the final G node
Apply rules layers by layer until every marked node is justified

Justified node definitions:
Action node is justified if all precondition fact nodes are marked
Fact node is justified if at least one predecessor node is marked
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hflow and hpot

V = {v1, v2, v3}
Dv1 = {A, B}, Dv2 = {C , D}, Dv3 = {E , F}
sinit = {v1 = A, v2 = C , v3 = E}
sgoal = {v3 = F}

O =

pre eff c
o1 v1 = A v1 = B 3
o2 v1 = B, v2 = C v1 = A, v2 = D 1
o3 v1 = A, v2 = D v3 = F 1
o4 v2 = D, v3 = E v2 = C 2

Compute
hflow

hpot

hM&S
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hflow

LP formulation

minimize
∑
o∈O

c(o)xo

subject to LBV ,v ≤
∑

o∈prod(⟨V ,v⟩)
xo −

∑
o∈cons(⟨V ,v⟩)

xo, ∀V ∈ V, ∀v ∈ DV

where LBV ,v =


0 if V ∈ vars(sgoal) and sgoal [V ] = v and s[V ] = v ,

1 if V ∈ vars(sgoal) and sgoal [V ] = v and s[V ] ̸= v ,

−1 if (V /∈ vars(sgoal) or sgoal [V ] ̸= v) and s[V ] = v ,

0 if (V /∈ vars(sgoal) or sgoal [V ] ̸= v) and s[V ] ̸= v ,
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hpot

LP formulation
maximize

∑
V ∈V

PV ,sinit [V ]

subject to PV ,v ≤ MV , ∀V ∈ V, ∀v ∈ DV∑
V ∈V

maxpot(V , sgoal) ≤ 0

∑
V ∈vars(eff (o))

(maxpot(V , pre(o)) − PV ,eff (o)[V ])) ≤ c(o), ∀o ∈ O

where maxpot(V , p) =
{

PV ,p[V ] if V ∈ vars(p),
MV otherwise.

The value of hpot heuristic for the state s is

hpot(s) =
{∑

V ∈V PV ,s[V ] if the solution is feasible
∞ if the solution is not feasible

Michaela Urbanovská PUI Tutorial 8 10 / 13



Merge & Shrink

1 Create atomic projections (one per variable)
2 Merge two arbitrary transition systems (synchronized product)
3 Shrink the new transition graph (merge states together to create

smaller abstraction)
4 Repeat 2 and 3 until you’re left with one abstraction in which you can

find the solution
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The End

not Feedback form link
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https://www.youtube.com/watch?v=dQw4w9WgXcQ


The End

Feedback form link
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https://forms.gle/jzySHaUBUUCCVJN58

