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Domain-independent multi-agent planning
State of the art overview

feiek

Wednesday, September 19, 2012 Agent Technology Center, Czech Technical University in Prague



Distributed Graphplan

Publications:
— Mark Iwen, Amol Dattatraya Mali: Distributed Graphplan, Proceedings of ICTAI,
2002.
— Damien Pellier: Distributed Planning Through Graph Merging, Proceedings of
ICAART, 2010.

Key concepts and ideas:

— Decomposition of a planning problem (namely goal and action sets without loosing
completeness)

— Automatic decomposition process based on interaction-graph

— Merging process of the resulting plans exploiting previously used planning graphs

— Planning graph merging (inter-agent communication of threats and promotions)
— Individual solution extraction uses CSP (extensible to DCSP)

— Additional planning graph expansions, if a merged solution cannot be found

feiek
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Based on Multi-agent DCSP+Planning

Publications:

— Ronen I. Brafman, Carmel Domshlak: From One to Many: Planning for Loosely Coupled

Multi-Agent Systems, Proceedings of ICAPS, 2008 (Best Paper Award).
Raz Nissim, Ronen |. Brafman, Carmel Domshlak: A General, Fully Distributed Multi-

Agent Planning Algorithm, Proceedings of AAMAS, 2010.

Key concepts and ideas:

Complexity analysis of deterministic domain-independent multi-agent planning
Decomposition of the problem based on public and private actions

DCSP-based coordination of public sequences of actions (intra-, inter-agent
constraints)

Forward-search-based planning of private action sequences (FastForward planner)
MA-STRIPS planning complexity upper-bound:
f(Z) - exp(d) + exp(dw)

No direct exponential dependence on (i) number of agents, (i) size of the MA
planning problem and size of solving joint plan, and (i) length of individual agent plans

feiek
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Multi-agent A*

Publications:

Raz Nissim, Ronen Brafman: Multi-Agent A* for Parallel and Distributed Systems
(Extended Abstract), Proceedings of AAMAS, 2012.

Raz Nissim, Udi Apsel, Ronen Brafman: Tunneling and Decomposition-Based State
Reduction for Optimal Planning, Proceedings of ECAI, 2012.

Key concepts and ideas:

Motivation: unknown ways how to use forward search heuristics in DCSP+Planning
Based on the decomposition of private and public actions

The state space Is “naturally” pruned during the search

Communication-based search expansion to other agents

Parallel search on the decomposed problems

Used with state-of-the-art forward search heuristics (Merge&shring, LM-cut)

So far promising results (evaluation only considering computational metrics)

feiek
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Beyond the state of the art

Challenges:

— Domain-independent heuristics specific for multi-agent forward search techniques
(Raz Nissim)

— Communicational complexity is in multi-agent settings often more important than
computational complexity

— Resurrect older distinguished techniques and after adaptation for multi-agent settings
evaluate their communicational (and computational) complexity

Approach:

— Push a centralized state-of-the-art Graphplanning algorithm (namely LPG planner)
with help of the ideas in Distributed Graphplan towards Distributed LPG

— Thoroughly study problem of heuristics transfer from forward search planning to
DCSP+(Graph)planning-based techniques

— Study relations of communicational and computational complexities of such heuristics

feiek
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Domain-independent multi-agent plan repair
Towards my PhD thesis

feiek
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Problem statement

Hypothesis: Multi-agent plan repair approaches producing more preserving repairs than replanning
tend to generate lower communication overhead for tightly coupled multi-agent problems.

General:
— domain-independent multi-agent setting P =(
. : 1/41 41 1
— cooperative agents A;: P=ai/a; a3 an
o . : : A.P=a2a2a2__a2
— achieving a joint objective 2. P2 1,d2 493 m
— synchronized joint actions AP . =a} a)a3-a)

Why to repair:
— in dynamic environment (disturbing events during execution)
* state fact perturbations
* action failures

* parametrization of the failures is a priori unknown

Challenges:
— requires significant coordination and communication efforts

— communication complexity over computational complexity

(vs. classical planning). %%
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Continuous planning architecture

MA-plan correct

Y

Planner = Monitoring | Execution
. ¥ 5 A
co;%unication ’ failurey ’ TT repaired MA—ﬁIan

Repa Irer +*~ communication

| feeek
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Re-planning from scratch

— Baseline approach

- MA-plan:P=(a, a, a, ..., a )

— Presumed execution sequence: (30, Sp eens s")

dl d2 d3 ad4 dm-1dm
SO S1 S2 S3 S4 Sm-2Sm-1SmESG

oRoRoRoReRe] ’O’

.4 feeek
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Re-planning from scratch

— Baseline approach

- MA-plan:P=(a, a, a, ..., a )

— Presumed execution sequence: (s, S, ..., S,)

dl d2 a3 d4 dm-1dm
SO S1 S2 S3 S4 Sm-2Sm-1Sm€ESG

5006 50

Sf

| feeek
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Re-planning from scratch
— Baseline approach
- MA-plan:P=(a, a, a, ..., a )
— Presumed execution sequence: (s, S, ..., S,)

N - . P¥ _
Repair plan: P*=(a ,a, a, ..., a )

dl d2 a3 d4 dm-1dm
SO S1 S2 S3 S4 Sm-2Sm-1Sm€ESG

00 00 O,

fail ad a4
ai a, r2a r ," "arkl
rl

S r3 a r> ar7

lé feeek

‘ark
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BackOnTrack & Lazy Repair Techniques

Back On Track Plan Repair dl d2 a3 a4 dm-1am
— repairing plan as a prefix S0 S1 S2 53 54 5Sm-22 Sm;{SmESG

- complete (ends as replanning)

Lazy Plan Repair dl d2 a3 a4 dm-1dm
SO S1 S2 S3 S4 Sm-2Sm-1Sm€E€Sc

RoRoRoXoRey ~.ark

d2 as a4 am 1a ,

) © 0 00 O O’arz

Sf

w feeek

— repairing plan as a suffix

— incomplete (in general)

— complete (if irreversible
actions are not allowed)

fail
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Repeated Lazy Repair Technique

dl d2 a3 d4 dm-1dm
SO S1 S2 S3 S4 Sm-2Sm-1Sm€E€Sac

O’\OODOO”OO

.8 feeek
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Repeated Lazy Repair Technique

dl d2 d3 a4 dm-1dm
SO S1 S2 S3 S4 Sm-2S5m-1SmESaG

070700 0 0p)

Sfl

.9 feeek
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Repeated Lazy Repair Technique

20

dl d2 a3 d4 dm-1dm
SO S1 S2 S3 S4 Sm-25Sm-1Sm€ESc

0000 0

a2

exec.

fail a3

Sfl

feeek
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Repeated Lazy Repair Technique

21

dl d2 d3 a4 dm-1dm
SO S1 S2 S3 S4 Sm-2Sm-1SmESG

0000 0]

a2

exec.

fail a3

Sfl exec.
fail

Sf2

feeek
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Repeated Lazy Repair Technique

22

dl d2 a3 d4 dm-1dm
SO S1 S2 S3 S4 Sm-25Sm-1Sm€ESc

07000 0 ON0.

as

e

faill az

-__-—-——————’

Sfl exec.
: dm-1
fail ark‘,,
Sf2 exec. ;
‘e, faill am ’
-"arZ
STl arl

feeek
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Repeated Lazy Repair Technique

dl d2 d3 ad4 dm-1dm
SO S1 S2 S3 S4 Sm-25m-1SmESG

07000 0O0N0.

as

-

fail| a2

y
-
-

Sfl exec.
fail

>
Q
-3
~

@
*“__

Q)
N

Repeated Lazy Plan Repair
— repairing plan as a suffix
— reduces number of unused plannings

— Iinherits properties of the lazy repair

feeek
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Experimental results (P=0.3)

Repairing time [ms] No. of messages [-] || Communication [kB] Exec. length [-]

Domain Agents
RL BoT Re RL | BoT Re RL BoT | Re RL | BoT | Re
2 116.1 115.3 145.6 82 | 139 | 109 1.7 20 | 23 |[143 | 88 | 10.7
logistics 3 149.6 178.0 257.2 18.0 | 33.7 | 59.5 3.6 50 | 6.2 |[187 | 13.2 | 159
4 162.1 2662 | 479.3 | 291 | 895 | 114.7 6.6 13.3 | 26.5 || 215 | 155 | 18.1
5 74.0 73.7 81.3 218 | 232 | 25 4.4 44 | 5.0 | 146 | 135 | 149

logistics (parallel)
6 84.1 126.0 110.7 325 | 496 | 60.9 6.8 93 | 96 |[124 | 114 | 120
2 115.6 23.9 93.2 22 | 24 22 0.6 0.6 0.6 32 | 28 | 26
cooperative

pathfiding 3 2615 28.1 374.6 200 | 129 | 127 4.5 0.7 3.4 3.1 24 | 34
4 195686 | 29.4 | 6529.8 | 14k | 20.0 | 19.1 | 30020 | 0.9 | 5.1 40 | 23 | 33
2 179.8 381.3 2498 74 | 13.0 | 10.0 1.9 27 | 27 || 203 | 147 | 145
rovers 3 300.6 3745 4899 136 | 15 2.4 3.6 3.3 6.3 |[ 195 | 125 | 145
4 634.4 798.3 650.5 300 | 425 | 29.1 8.3 7.6 89 |[ 221 | 153 | 13.6
2 67.5 80.3 67.5 49 | 6.2 3.8 1.1 1.3 | 09 75 | 58 | 51
3 81.9 126.9 139.9 76 | 158 | 15.3 1.8 29 | 37 70 | 69 | 65
satellites 4 1444 139.2 176.5 145 | 218 | 18.2 3.6 38 | 4.7 69 | 67 | 56
5 2329 154.5 2223 17.7 | 30.0 | 25.9 4.8 56 | 7.3 6.7 | 57 | 55
6 48093.9 | 1452.8 | 23027.7 | 325 | 57.3 | 38.2 94 16 | 11.7 || 71 69 | 57
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Experimental results (logistics, 4 agents)
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Experimental results (logistics, 4 agents)
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Experimental results (logistics, 4 agents)
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Generalized plan repair

Localized:
— Concept of k-public actions

— lteratively increasing set of involved agents based on their k-public actions

Repair strategy parametrization (9, 4, f, g):
— d:number of coordination points
— a: number of agents
— f number of actions reused from a postfix of the original plan

— g number of actions reused from a prefix of the original plan

~ Replanning: ((1,...,9, ), a,, 0, 0)
- Back On Track: ((1,...,9, ), a,,m, 0),((1,..,9,),a,,m-1,0), ..., ((1,..,9,),4a,,0,0)

- Lazy: ((1,...,0,), a,, 0, m)
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Preliminary results (generalized repair)

method
logistics-e3-1ladT.dat
logistics-e3-dlaT.dat
logistics-e3-dalT.dat
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exl
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13
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13
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23
23
13
13
13
13
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| pll
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22
22
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Thank you.

Wednesday, September 19, 2012 Agent Technology Center, Czech Technical University in Prague



	Snímek 1
	Snímek 2
	Snímek 3
	Snímek 4
	Snímek 5
	Snímek 6
	Snímek 7
	Snímek 8
	Snímek 9
	Snímek 10
	Snímek 11
	Snímek 12
	Snímek 13
	Snímek 14
	Snímek 15
	Snímek 16
	Snímek 17
	Snímek 18
	Snímek 19
	Snímek 20
	Snímek 21
	Snímek 22
	Snímek 23
	Snímek 24
	Snímek 25
	Snímek 26
	Snímek 27
	Snímek 28
	Snímek 29
	Snímek 30

