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Relaxation heuristics

F = {27 b? C? d? e’ f}

Sinit = {a, b}
Sgoal = {d7 f}
pre | add | del | ¢
01 a,b b a 1
0 b,c a b |1
0= o3 c e 0 |2
N c.e d e 2
os | a,cd f a 1
o | ab c 0 |1
Compute

o h?%(spi)

o M (sjnjt)

Michaela Urbanovsk4 PUI Tutorial 8 3/13



Algorithm 1: Algorithm for computing h™**(s).

Input: I = (F, O, Sinit; Sgoat» ¢} state s
Output: h™**(s)
for each f € s do Aq(s, f) + 0;
for each f € F\ s do A(s, f) + oc;
for each o € O, pre(o) = 0 do
‘ for each f € add(o) do Aq(s, f) < min{A(s, f),c(0)} ;

end
for each o0 € O do U(0) < |pre(o);
C«—0;
while 540,  C do
k  argminge 7o A1 (s, f);
C+— Culk}
for each o € O,k € pre(o) do

Ulo) < Ulo) — 1;

if U(0) =0 then

for each f € add(e) do

15 ‘ Al(saf) A min{Al(Sv f),C(O)+A1(5,k)};
16 end
17 end

L= B

i i
A W N = O

18 end

19 end
20 W™*(s) = maxyes,,, Ai(s, f);
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Relaxation heuristics

F=1{a,b,c,d, e f}

Sinit = {a,f}
Sgoal = {d}
pre | add | del | c
op | af b f 1
o | c |ad| c |1
0= o3 |ab| ce| a |1
oy | ¢c,b d c,b | 2
o5 | a ef | 0 |3
Compute
° hLM—Cut(Sinit)
o hfF (sinit)
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hL/\/lfCut

Algorithm 2: Algorithm for computing h™ ().

L

e ®m =9 &

14
15

Input: II = (F, O, Sinit, Sgoat, €), state s

Output: h"™ut(s)

if W™ (11, $4n4) = 0o then
| h'™eu(5) « oo and terminate;

end

hlrnf(:ut(s,) — D;

I = (}_’ =FU{l, G}aol =0u {Oz‘nii,ogual}: ng'g = {1}, S;ug[ = {G},c1), where
pre(oi'm't) - {I}: add(oinit) =S, del(oim't) - mw pre(ogoal) = Sgoal add(ogoal) - {G}:
dP’l(Oyom’.) =0, Cl(oimt} =0, Cl(ogoul) =0, and 01(9) = C(O) for all 0 € O;

i 1;

while h™**(II;, st ., ) # 0 do

Construct a justification graph G; from IT;

Construct an s-t-cut C;(Gy, ny,ng) = (N, Nf U Né’];

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

m; + minger, ¢i(0);

hlm—(:ut(s] o hlm-(:ul(s) +my;

Set My = (F, O, 8% s’gnal,c,:ﬂ), where ¢;11(0) = ¢;(0) —m; if 0 € Ly, and
¢i+1(0) = ¢i(0) otherwise;

Pt

end
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hFF

Overall algorithm:
o 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

» Starting with marked goal node, apply the following rules layer by layer until all
marked nodes are justified

1) Mark all immediate predecessors of a marked unjustified action node

2) Mark the immediate predecessor of a marked unjustified atom node with only one
immediate predecessor

3) Mark an immediate predecessor of a marked unjustified atom node connected via an
idle arc (to the same atom in the previous layer)

4) Mark any immediate predecessor of a marked unjustified atom node
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hf/ow and hPet

V:{V]_,V2,V3}

D, ={A,B},D,, ={C,D},D,, = {E, F}
Sinit = {V1 =Avn=Cv= E}

Sgoal = {V3 = F}

\ pre \ eff | c

O]_ V1 = A V]. = B 3

O= oo |vi=Bwn=C|w=Aw=D]|1

03 V1=A,V2=D V3=F 1

o | w=D,vs=E vw==C 2
Compute
° hflow
@ hPet

° hM&S
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h flow

minimize Z c(0)xo

oc0

subject to LBy, < Y x%— > x,YVEeV,VveDy
oeprod((V,v)) oecons((V,v))

0 if V € vars(sgoar) and sgou[V] = v and s[V] = v,

where LBy, = 1 if V € vars(Sgoar) and sgoa[V] = v and s[V] # v,

’ —1 if (V & vars(sgoar) or Sgoai[V] # v) and s[V] = v,

0 if (V ¢ vars(sgoar) Or Sgoar[V] # v) and s[V] # v,

LP formulation
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hpot

LP formulation

maximize E PV s V]
vev

subject to Py, < My,VV € V,Vv € Dy

Z maxpot(V, Sgoar) < 0
vev

> (maxpot(V, pre(0)) — Py efr(oyvy) < c(0), Vo € O
V Evars(eff (o))

Pv vy if V € vars(p),

where maxpot(V, p) = {Mv e

The value of hP°t heuristic for the state s is

hPot(s) = > vev Pvspv  if the solution is feasible
) if the solution is not feasible

v
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Merge & Shrink

@ Create atomic projections (one per variable)
@ Merge two arbitrary transition systems (synchronized product)

@ Shrink the new transition graph (merge states together to create
smaller abstraction)

© Repeat 2 and 3 until you're left with one abstraction in which you can
find the solution
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The End

\
FINALLY/NICE

not Feedback form link

&1
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https://www.youtube.com/watch?v=dQw4w9WgXcQ

The End

\
FINALLY/NICE

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

