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Motivation

* Planning Task are important
* Example: Go
* Planning Task use heuristics

 Fast Downward



Planning Task

* Describes a Planning Problem

* |sa4d-tupleIl = (V,I,0,9d):
e Variables V
* |nitial state [
* Operators O
* Goal conditions 0



Operators

* Change a partial assignment of V

* Three main characteristics:

* Preconditions
e Effect
* Cost



Heuristic

e Estimates how “good” a state is
* Simplify planning task

* Delete relaxation heuristics (Additive and FF heuristic)
* Can be solved in polynomial time
* Can be solved with a directed graph



Graph

V= {P11P21P3'P4}

* 1 =1{P,,P,}

* 0 = {01'02}

* 0 = {P2'P3'P4}

pre(0,) = {P,} pre(0;) = {P3}

eff(01) = {P,, P3} eff(0;) = {Py}
cost(04) = 2 cost(0,) =1
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Original Implementation (Fast Downward)

* Operators are split in unary operators
* Easy to construct
e Simple handling of conditional effects

* Many edges



Example

* One operator
* Precondition {P;}
« Effect{P;, P,}
 Conditional effect {P}

» With effect condition {P,}
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 Conditional effect {P} 01 02
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Example

* One operator

* Precondition {P; }
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|[dea to optimize

* Reduce redundancy

 All effects of an operator in one node

* Conditional effects in separate node



Compare Graphs
? ? ? ONONO
Ol 02 O3

e X

Original Version New Version




Compare Graphs

i :
¥é de

Original Version New Version




Compare Graphs
Ol 02 O3 Ol [«<— 02

e @ @

Original Version New Version




Results Overall

Implementation Coverage Rs Ry
v Base 1817 1.000 1.000
5 lterative-reduced 1810 1.008 1.057
< Recursive-reduced 1793 1.202 1.237
Base 1760 1.000 1.000
= lterative-reduced 1771 0.958 1.005
Recursive-reduced 1754 1.119 1.154

Out of | 2742




Results by Domain (Additive

h_add search_time by domains

agricola-sat18-strips *—X ﬁ
airpglrt b % b4 - x algorithm
assembly
blocks *—4 ® base:add
caldera-sat18-adl . ;
caldera-split-sat18-adl - * 2.3 *gt * iterative-reduced:add
cavediving-14-adl i P
childsnack-sat14-strips * X recursive-reduced:add
citycar-sat14-ad| x £ 3
data-network-sat18-strips - EE * 203
depot * % x
driverlog b 4 *—X
elevators-sat08-strips b4 * )g(
elevators-sat11-strips b | *
flashfill-sat18-adl ’EX
floortile-sat11-strips - S %
floortile-sat14-strips - * x *’E(
freecell
grid & x * %
gripper q‘
hiking-sat14-strips ’E * %
logistics00 b4 *X
logistics98 4 X
maintenance-sat14-ad| - * );K
miconic b4 3
miconic-fulladl b4 —X
miconic-simplead| - 23
movie *
mprime X * %
mystgry b :’: X
nomystery-satl1-strips - x x
nurikabe-sat18-ad| 23 X
openstacks *—X
openstacks-sat08-ad| X
openstacks-sat08-strips - *
openstacks-strips *
< optical-telegraphs b 4 *—X
© organic-synthesis-sat18-strips - X b 4
£ organic-synthesis-split-sat18-strips - D 2 b 4
o parcprinter-08-strips S > 3
o parcprinter-sat11-strips - ’E*
parking-sat11-strips - * 223 b4
parking-sat14-strips * x’:
pathways x X
pegsol-08-strips - X b4
pegsol-sat11-strips - * .3 x
philosophers - b4 *—X
pipesworld-notankage * X x
pipesworld-tankage - * 2.3 x
psr-large b 4 * X
psr-middle X
psr-small * 223
rovers - ’: * x
satellite b4 : 2 %X
scanalyzer-08-strips 4 23
scanalyzer-sat11-strips *- 23
schedule - * %
settlers-sat18-adl b | * 243
snake-sat18-strips +* ’?
sokoban-sat08-strips * X x
sokoban-sat11-strips * X X
spider-sat18-strips o X b4
storage - X * a3
termes-sat18-strips b4 * 23
tetris-sat14-strips b4 +*
thoughtful-sat14-strips b4
tidybot-sat11-strips o X b4
tpp b4 +* %
transport-sat08-strips - b4 *
transport-sat11-strips b4 * X
transport-sat14-strips - x 2 % %
trucks x *—X
trucks-strips - * 2.3
visitall-sat11-strips - * *
woodworking-sat08-strips - b4 - o3
woodworking-sat11-strips - b 4 * b 4
zenotravel i i L F * x' T
-0.6 -0.2 0.0 0.2 0.4 0.6

logl0(Mean relative search_time)

Domain

h_add total_time by domains

agricola-sat18-strips [} X
airport - * 23 EE algorithm
assembly x b | *—X . base:add
blocks %( :
caldera-sat18-adl - *—X { ; ;
caldera»sgnt_-satﬁ»ag: ] * % . il # iterative-reduced:add
cavediving-14-adl ive- .
childsnack-sat14-strips - * *‘x X recursive-reduced:add
citycar-satl4-adl 4 b 4 *- 23
data-network-sat18-strips - St * *
depot - * 23 x
driverlog b 4 *—X%
elevators-sat08-strips - b 4 * %X
elevators-satl1-strips b4 * X
flashfill-sat18-ad| X
floortile-sat11-strips - * b | %K
floortile-sat14-strips *:
freecell - * 23 b4
grid * 223
gripper * 223
hiking-sat14-strips - b 4 * 23
logistics00 b 4 X%
logistics98 4 2 3.2
maintenance-sat14-ad| - * )g:
miconic - b 4 3
miconic-fulladl b 4 * 223
miconic-simplead| 2.3
movie *
mprime - x * 223
mystery :II X
nomystery-sat11-strips - b 4 > 3
nurikabe-sat18-ad! * 2.3 S
openstacks 4 * 03
openstacks-sat08-adl *
openstacks-sat08-strips *-
openstacks-strips - +*
optical-telegraphs b 4 *—X
organic-synthesis-sat18-strips - b 4 *
organic-synthesis-split-sat18-strips - x
parcprinter-08-strips - S *
parcprinter-sat11-strips - ,E*
parking-sat11-strips * % x
parking-sat14-strips * x,‘
pathways - b4 *-%
pegsol-08-strips - *—X b4
pegsol-sat11-strips - * % b 4
philosophers b 4 *—X
pipesworld-notankage - ”* X b4
pipesworld-tankage * 23 b4
psr-large b 4 X
psr-middle x *—X
psr-small 4 :F
rovers g: L 303
satellite b 4 * %
scanalyzer-08-strips x* b4 X
scanalyzer-sat11-strips - * .3
schedule 4 * %
settlers-sat18-adl - b * 23
snake-sat18-strips *- ,%(
sokoban-sat08-strips - * X b4
sokoban-sat11-strips - * X x
spider-sat18-strips * * 4
storage x * a3
termes-sat18-strips b 4 * X
tetris-sat14-strips - b 4 * 2.3
thoughtful-sat14-strips +* * 4
tidybot-sat11-strips * 223 b4
tpp 4 b4 * X
transport-sat08-strips | 4 %
transport-satl1-strips - x * %
transport-sat14-strips - b 4 * 2.3
trucks x : x
trucks-strips X
visitall-sat11-strips - * 2.3
woodworking-sat08-strips - b 4 o o3
woodworking-sat11-strips - b 4 * 2.3
zenotravel L] * X
T T T T T
-0.4 -0.2 0.0 0.2 0.4 0.6

logl0(Mean relative total_time)




Results by Domain (FF

h_ff search_time by domains
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X %+ @
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algorithm
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Domain

h_ff total_time by domains
a

agricola-sat18-strips * X
airport * * b4
assembly b4 * 23
barman-sat11-strips - * a3 b4
barman-sat14-strips - ﬁ X
blocks ’lx
caldera-sat18-ad! - X—* b 4
caldera-split-sat18-adl * %
cavediving-14-adl 4 *
childsnack-sat14-strips - *
data-network-sat18-strips - * ** X
depot - %x- 223 b4
driverlog b .3
elevators-sat08-strips ’? X
flashfill-sat18-adl R* %
floortile-sat11-strips % :X
floortile-sat14-strips - +* 4
freecell - % 23 b4
grid - & * a3
gripper b * b4 223
hiking-sat14-strips b 4 * %
logistics00 b4 *X
logistics98 S * 223
maintenance-sat14-adl * ’%
miconic b4 23
miconic-fullad! @ a3 *
miconic-simplead! - 03
movie
mprime 223
mystery a3
nomystery-sat11-strips - * ’: %
nurikabe-sat18-adl 12 223 b4
openstacks *
openstacks-sat08-ad| X
openstacks-sat08-strips *-
openstacks-strips - * b4 2.3
optical-telegraphs b 4 *-%
organic-synthesis-sat18-strips - *- % 4
organic-synthesis-split-sat18-strips g *
parcprinter-08-strips -
parcprinter-sat11-strips bl X
parking-sat11-strips - * a3 b4
parking-sat14-strips - : 223
pathways 4 %
pegsol-08-strips *- 4
pegsol-sat11-strips +* g
philosophers - b 4 * 223
pipesworld-notankage - * b4 %
pipesworld-tankage - * 2.3 b4
psr-large b 4 o 223
psr-middle b 4 *—¥
psr-small - b4 %
rovers b4 *—X
satellite b 4
scanalyzer-08-strips * 4 03
scanalyzer-sat11-strips - *’: 223
schedule - * )g:
snake-sat18-strips +* b4 %
sokoban-sat08-strips % X b4
sokoban-sat11-strips * 223 b4
spider-sat18-strips * X b4
storage b4 'd .3
termes-sat18-strips b 4 * 223
tetris-sat14-strips - b 4 * X
thoughtful-sat14-strips % X b4
tidybot-sat11-strips * 2.3 b4 * %
tpp 4 .
transport-sat08-strips - algorlthm gE * * % %
trucks 4 .
trucks-strips ® !Jase'ff EE * 223
visitall-satll-strips - ¢  iterative-reduced:ff }l* 223
woodworking-sat08-strips . b4 * X
woodworking-sat11-strips 4 ¥  recursive-reduced:ff b 4 * 223
zenotravel - I ! L ¥ . — 3 T
-0.4 -0.2 0.0 0.2 0.4

logl0(Mean relative total_time)




Conclusion

* Overall about as fast as the original
* Highly Domain depended

* Original is very well implemented



Future Work

* This thesis focused on operator individually

* Promising to apply over more then one operator
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