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STRIPS

A problem in STRIPS is a tuple II = (F, O, Sinit, Sgoal; €)

@ F is a finite set of facts
® sipi¢ © F is an initial state; s,,, C F is a goal specification

e O is a set of well-formed operators o specified by pre(o) C F,
del(o) C F, and add(o) C F

0c: 0~ Rg is a cost function.

A state s C F; a goal state s, O 544

An operator o is applicable in a state s iff pre(o) C s and the
resulting state of applying o is o[s|] = (s \ del(0)) U add(o).
e A sequence of operators 7 = (01, ...,0,): T[s] = op]...02]01[s]]...].

o mis a plan iff 5400 C T[Sinit]-

A relaxed problem IIT is derived from II by ignoring all delete effects.

Daniel Figer March 13, 2017 2/9



(Action/Operator) Landmark

Definition
A landmark L C O is a set of operators such that every plan m must
contain at least one operator from L.

This type of landmark is sometimes also called action landmark or
disjunctive action landmark.
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max

hi"¥(s) for a state s and a cost function ¢;

Vf€s:hm(f) =0

VfeF\s: hgax(f) = oeo?leifdd(o) (hgax(o) + ¢i(0))

Vo€ O :hi*™(0) = max hg™(f)

fepre(o) ©
o (s) = v he ™ (f)
goa
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Algorithm 1: hi®*

Input: IT = (F, O, Sinit, Sgoal, Ci), State s
Output: h™(f) Vf e F
1 Initialize min priority queue PQ.init({(f,0) | f € s}U{(f,o0) | f € F\s}):
2 Initialize number of unsatisfied preconditions: U(0) < |pre(o)| Vo € O;
3 while not PQ.empty() do
4 (f,he™(f)) < PQ.pop() /* Pop the element with the lowest hg ™ (f)
for each 0 € O, f € pre(o) do
U(o) <+ U(o) — 1;
if U(0) = 0 then
/* hg ™ (£) must be MaXgepre(o) he,  (g) because of PQ
8 PQ.update({(g, hz;"*(f) + ci(0)) | g € add(0)});
/* PQ.update() can only decrease keys.

~N o o

9 end
10 end

*/

*/
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Justification Graph

Construction of Justification Graph for State s

@ Given a set of operators O, a cost function ¢; and h}**(f) for all
ferF.

o Set p(0) = argmax hy!®*(f) for each o € O (breaking ties arbitrarily).
féepre(o)
o Create a graph node for each fact f € F.

@ For each operator o and each fact f € pre(o), create an edge from
p(0) to f with cost ¢;(0) and label o.

@ Add a node s’ and zero-cost edges from s’ to f for each f € s.

@ Add a node ¢ and a zero-cost edge from arg max h7!**(f) to .
fesgoal
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@ V* contains all facts from which ¢ can be reached through a zero-cost
path.

o V9 contains all facts reachable from s without passing through any
fact from V;*.

° V;b contains all remaining facts.
o Clearly t € V* and s € V°.

e Landmark L; is a set of labels of the edges that cross the cut C; (i.e.,
lead from V¥ to V;*).
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LM-Cut Heuristics

hLM_Cut(S) for Il = <F, O, Sinits S goal s C>

©00 000O0COC

Set i =1 and ¢; = ¢ and hbM—cut(5) = 0.
Compute h2®*(f) for all facts f € F, terminate if hi®*(s) = 0.
Construct the justification graph.
Construct an s-t-cut C; and obtain the landmark Lj;.
Let m; = min ¢;(0).
o€L;
Define ¢;j+1(0) = ¢i(0) if o & L; and ¢;j+1(0) = ¢;(0) —my if 0 € L;.
Increase h*M—cut(s) by m,.

Set i =i+ 1 and continue with step 2.
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= <~F* O, Sinity Sgoals C)

° F= {f17f27f37f47f577:7.g}r Sinit = {7«}, Sgoal = {g}

e O:
op | pre add del cost
o1 | {i} {fi,fo} | 0 2
o2 | {i} {fas fs} | 0 3
o3 | {f1,f3} {fa} {fs} 1
os | {f2, fa} {fs} {f2} 3
os | {f1,f3 fs} | {g} {fss fa} | 1
o6 | {fi} {fs} {fi,fs} | 5
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