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WHAT IS A
LANDMARK

A landmark is a variable
assignment that must be
achieved at some point in every
valid solution plan for a given
planning task
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EXAMPLE

Blocks world task

2 Blocks (A, B)

Initial State: Block B on top of Block A
Goal: Block A on top of Block B

Clear(A) is a landmark since it must be cleared
for the goal to be achieved
on(A, B)is also considered a landmark

Ordering: clear(B) --> on(A, B)

Landmarks
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PREVIOUS LANDMARK EXTRACTION

Previously, Hoffmann proposes two landmark algorithms LM#sand LM

LM RPG (Relaxed Planning Graph) LM Local
« Combines landmarks with a relaxed * Improves heuristic guidance by
planning graph to extract more relevant considering local dependencies

and stronger landmarks between landmarks




LM RPG IN SAS+
PLANNING

Step 1: Construct the Relaxed Planning Graph
Si: Over-approximation of facts reachable in i steps

Oi: Preciseléthe operators that become applicable
at i but not before

Step 2: Extracting Landmark Candidate

If all first achievers of landmark B share a
precondition A, then A — B

One-Step Lookahead

If first achievers don't share a precondition, check
their own preconditions

If these share afact A, then A is a landmark at least
two steps before B

Goals: have(Cake)
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LM RPG IN SAS+ PLANNING

Disjunctive and Conjunctive Landmarks

Afact Ais a conjunctive landmark if A must be true in every valid plan before a
certain action or goal is achieved

Aset of facts{L1, L2, ..., Ln}is a disjunctive landmark if at least one of these facts
must be achieved before the goal can be reached

Filtering Out False Landmarks (no gaurantee soundness)
Test: Remove all actions achieving A and check if a relaxed solution exists
If no solution, A'is a true landmark

If solution exists, A is rejected




LM LOCAL

Build Landmark Graph: Create a directed
acyclic graph with landmarks as nodes and nad sugar
orderings as arcs

Disjunctive Goal: Use source landmarks (no
incoming arcs) to generate a subgoal for the

planner £

Generate Plans: Planner achieves one
landmark, removes it, and updates the graph

Repeat: Continue until all landmarks are
achieved, then plan to satisfy the original soll water —
goal

Add tea leaves

“*Serve tea




NEW FORMULATION OF LANDMARK®S

Slight Changes
No one step look ahead, opt to admit disjunctive landmarks

All facts stem from same predicate symbol, and discard sets greater than 4

Domain Transition Graphs
Nodes represent possible values of a state variable
Edges represent actions that transition the variable from one value to another
DTGs highlight variable values that must be reached before achieving a goal

Locked — Closed — Open (value transition "Closed" is unavoidable—landmark)




PSEUDO-HEURISTIC LANDMARKS

Pseudo-heuristic
Landmarks cannot be a heuristic on their own

They are useful to guide the search and combine with other heuristics

Ways to combine them
Landmarks L that still need to be achieved: L:=n-m + k

Preferred operators: an operator is preferred in a state if applying it achieves an
acceptable landmark in the next step

Use the Fast Downward planner as framework gives equal importance to all heuristics




EXPERIMENTS AND RESULTS
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PERCENTAGE OF
TASKS SOLVED

Base planners: FF heuristic, Causal Graph

. ) . X X c-FullADL (150)
heuristic, blind heuristic ficonic-SimpleADL (150)

)

Methods for using landmarks: base planner
using no landmarks, LM local algorithm,
landmark pseudo-heuristic

Bold results indicate better performance than
the other two methods for a given base
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Schedule (150)
. Storage (30)
In all cases, LM RPG algorithm was used for PP (30
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generating landmarks and orderings Zenorravel 20)
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_‘ FF heuristic COMPARING THE
Domain ase | he NUMBER OF TASKS

Airport (50) SOLVED

Depot (22)

Freecell (80)
Logistics-1998 (35)
Miconic-FullADL (150)
MPrime (35)

Mystery (30)

Pathways (30)

Philosophers (48)
Pipesworld-NoTankage (50)

Exclusively he FF-heuristic base
planner and the landmark pseudo-
heuristic

An entry of n for a given approach
and domain means that the
approach solved n tasks in this

Pipesworld-Tankage (50)
Schedule (150)
Storage (30)

T — T

domain which the other approach
did not solve
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New generation method: (disjunctive
landmarks, landmarks found by the
domain transition graph criterion)

NUMBERS OF
LANDMARKS AND
ORDERING®S

Bold results indicate largest number of
landmarks/orderings found in a given
domain across the three approaches

Domain
Airport (50)
Depot (22
Freecell (80)
Gripper (20)

Logistics-1998 (35)
Miconic-SimpleADL (150)
MPrime (35)

Rovers (40)

Schedule (150)

Hoffmann et al.
Orderings
294965
4937
38809
1400
5261
8676
159
1946
6508

Zhu & Givan
Orderings
73850
2629
13700
1380
1965
11469
92
785
5491

New generation method

LMs (Disj/DTG)
38203 (1014/7287)
1440 (159/179)
7716 (0/2834)
1420 (460/460)
2909 (732/1230)
6583 (0/30)
164 (44/51)
2338 (379/2)
11530 (0/2958)

Orderings
1459285
6961
95330
2780
8167
10762
198

2095
9466

2104220

| 433977 | 153370 345515 | 140630 (4977/19052)




Domain
Airport (50)
Assembly (30)

(20}
Freecell (80)
Grid (5)
Gripper (20)
Logi 1998 (35)
yeistics-2000 (28)

Miconic-FullADL (150)
Miconic-Simple ADL (150)
MPrime (35)

Mystery (30)

Openstacks (30)
OpticalTelegraphs (48)
Pathways (30)
Philosophers (48)
Pipesworld-NoTankage (50)
Pipesworld-Tankage (50)
PSR-Large (50)
PSR-Middle (50)
PSR-Small (50)

Zenotravel (20)

Averaged over domains
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S e plans generated by the landmark approach
B 13/10 (+1%) were 5% longer on average

PLAN LENGTH
COMPARISON

EFach column compares the base planner to a

base planner found a shorter plan than the
landmark configuration for 71% of the
instances and a longer plan for 14% of the

-+ The number in parentheses indicates that the



RICHTER'S LANDMARK-BASED
PSEUDO-HEURISTIC EXAMPLE
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Initial State:
Water is in the kettle
The kettle is off
The tea bag is in the cupboard
The cup is empty

Goal State:

Tea is ready

EXAMPLE

Available Actions:

« Turn on the kettle: Requires the kettle
to have water

« Boil water: Requires the kettle to be
on

* Pour hot water into the cup: Requires
boiled water

« Add a tea bag to the cup: Requires a
cup

+ Steep tea: Requires hot water and a
tea bag inthe cup




IDENTIFYING LANDMARKS USING LM RPG

- A Relaxed Planning Graph is built by ignoring negative effects (delete
relaxation)

Use LM RPG to generate landmarks

Estimate the goal distance of a state s by the number of landmarks | that
still need to be achieved

- Combine with preferred operators

Use alongside of FF heuristic to get better results than FF alone




COUNTING UNACHIEVED LANDMARKS

Initial State

After turning on kettle

After boiling water
After pouring water
After adding tea

Goal state

4 (Boil water, Pour, Add tea bag, Steep)
4 (Boil water, Pour, Add tea bag, Steep)
3 (Pour, Add tea bag, Steep)

2 (Add tea bag, Steep)

1 (Steep)

0

The heuristic value is the count of remaining unachieved landmarks. The planner
prioritizes actions that reduce the number of remaining landmarks, guiding the

search effectively




HOW THIS HELPS SEARCH

- Richter's pseudo-heuristic counts remaining landmarks instead of
estimating cost. Improves search efficiency by reducing wasted

exploration of states missing preconditions
- Guides planning by necessity ensuring critical steps are done early

- Combines well with other heuristics like FF to refine estimates.




THANK YOU
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https://www.sciencedirect.com/science/article/pii/
50004370219300013
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