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Lecture check

@ Any questions regarding the lecture?

ONE DOES NOT SIMPLY,
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ASKA QUESTION REGARDING THE LECTURE
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@ Relaxation heuristic

@ Uses disjunctive operator landmarks

@ Admissible (and actually very successful) heuristic

Things we need to know to compute it
@ Disjunctive operator landmark
e Operator supporter
o Justification graph
°

s-t cut
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Disjunctive operator landmark

Disjunctive operator landmark L C O is set of operators such that every
plan 7 contains at least one operator o € L.

Example
Suppose we have problem with 2 existing plans:
e m = (01,02,03,04)
e m = (01, 05,02, 06)
Which of the following sets are disjunctive operator landmarks?

Q {o1} {01,020, 03,04}
2] {017 03} {03, 04}
o {02703} {04706}
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Disjunctive operator landmark

Disjunctive operator landmark L C O is set of operators such that every

plan 7 contains at least one operator o € L.

Example
Suppose we have problem with 2 existing plans:
o 7 = (01,02,03,04)
e 7 = (01, 05,02, 06)
Which of the following sets are disjunctive operato

r landmarks?

o {Ol} ° {01702703704}
) {01703} ) {03,04}
o {0,03} o {o4,06} )



Delta function

e Function A; from previous tutorial (h™3)

° A1(57 f) =
0 if f es,
inf if Vo€ O: f ¢ add(o),

min{c(o) + A1(s,0)|o € O, f € add(o)} otherwise.

Supporter of an operator

| A\,

Supporter is a fact.

Function supp(o0) = argmaxrcpre(o)A1(s, f) maps each operator o € O to
its supporter.

(s denotes the state where we compute the heuristic estimate)
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Justification graph

G = (N, E) is a directed labeled multigraph.
o N = {n¢|f € F} (set of nodes)
o £ ={(ns,n, 0)|o€ O,s=supp(o),t € add(o)} (set of edges)
e Edge e = (a, b, /) denotes edge from a to b with label /
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s-t cut C(G,s,t) = (N° N* U NP)
partitioning of nodes from the justification graph G = (N, E)

N* contains nodes from which t can be reached with zero-cost path

N° contains nodes which can be reached from s without passing any
node from N*

N® = N\ (N° U N*) (all the other nodes)

landmark L corresponds to edges that cross the cut C — lead from
N° to N*
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Compute htM=Cut(s, ) for problem M = (F, O, sjnit, Sgoals )
F= {S, qi, g2, g3, t}

Sinit = {S}
Sgoal = {t}
‘ pre ‘ add ‘ del ‘ C
o1 s a,q2 | 0 |1
0= o s qi,q3 | 0 |1
03 s a2,q3 | 0 |1
fin | 91,2, 93 t 0|0
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Algorithm 2: Algorithm for computing h™"(s).

ook W o=

(SRR S

11
12
13

14
15

Input: II = (F, O, Sinit, Sgoal, C), State s

Output: hiu(s)

if (10, $41) = 00 then
‘ hIm-eut () < 0o and terminate;

end

hlm—cut(s) — 0;

I = (F' = FU{L,G}, 0" = O U {0imit, 0goat } s = {1}, 850 = {G}, 1), where
PIH(Uin,f;) = {I}: add(”im’t) =8, del(“imt) =0, pre(ogoal) = Sgoal, add(agml) = {G}:
del(0goat) = 0, €1(0init) = 0, c1(0geat) = 0, and ¢1(0) = c(0) for all 0 € O;

141

while h™(IT;, s/, ) # 0 do

Construct a justification graph G; from 11;;

Construct an s-t-cut C;(Gy, ny,ne) = (N2, Nf U N:’);

Create a landmark L; as a set of labels of edges that cross the cut C;, i.e., they
lead from N? to N¥;

;i ¢ minger, ¢i(0);

hlmcut(g) ¢ hlmmeut(g) om,;

Set i1 = (F', O, 8}, Syoars Cit1)s Where ci1(0) = ci(0) —m; if 0 € L;, and
ci+1(0) = ci(0) otherwise;

i1+ 1

end
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Compute hLM_C“t(s,-,,,-t) for problem M = (F, O, Sinjt, Sgoal, €):
F=1{a,b,c,d, e f}

Sinit = {¢, d}
Sgoal = {a7 e}

pre | add | del | ¢

oo| d |ac| 0 |3

0— o | cd e c |1

o3 |de|ab| d |1

o4 | b df b |1

o5 | be f be |2
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@ You should be able to compute and implement LM-Cut

@ You should know how to compute hfF heuristic with reachability
graph
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HAVE A'NICE WEEK
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https://forms.gle/Sk8ngCBdxTXvorWU9

