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Fig. 1 Diagram of task planning for multi-node probe landing
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Fig. 2 Diagram of the hierarchical constraint graph
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Fig. 3 Diagram of the task time network
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Table 1 Comparison of algorithm running times using different
variable heuristics

ms

CRUETRS FF B AR AR R [EONLICY &M
1 15 15
2 31 31
3 15 82
4 81 81
5 62 70
6 178 315
7 415 596
8 535 675
9 765 921
10 1583 1632
PHIE 368 442

T BAEUE R SRR A R
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Table 2 Comparison of algorithm constraint detection times
using different variable heuristics

Hl 95 FT 0 2 AR R R RS A R
1 7418 7256
2 46 535 48 040
3 31850 32270
4 112222 112222
5 58568 59 048
6 123 612 125 383
7 204 262 205 745
8 360 140 358 866
9 490 531 465112
10 913 369 843 004
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Table 3 Ablation experiment comparison algorithm

FEZZS It N I SR I8 AT S R 20 SR A 56 VR K )
XS gt b, w LR A0S RS BRI 2 A A2 1
18R R 3 OxT 2 2 AU KR A P AR AR /N, T 2
AT 55 N 1) 0 24 P S EEABE S U gl /D> 24 SRR 56 UK
HoX — i EARBL T R F ML, HFEA A
BEOR, AR SEISAT 1R v el 10 240 RO 56 I b
%, BAMRGMY L.

RS HALSIILIRAGMIR BT EL
Table S Comparison of constraint detection times in

ablation experiments
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Table 4 Comparison of ablation experiment running times

ms

S Hika Sk Hike Hikd

1 46 15 15 15
2 — 940 — 31
3 122 18 114 15
4 332 109 288 81
5 496 67 487 62
6 1032 208 720 178
7 1455 422 1311 415
8 1945 744 1711 535
9 3716 940 3488 765
10 4607 2190 4504 1583
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1 25061 7418 25601 7418
2 — 490 531 — 46 535
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5 541 829 58 568 541 829 58 568
6 606 603 123 612 606 603 123 612
7 828 201 204 262 828 201 204 262
8 1229170 360 140 1229170 360 140
9 2106 441 490 531 2106 441 490 531
10 2563250 913 369 2563250 913 369
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Multi-Node Probe Task-Planning Method Based on Hierarchical Constraint Graph

FU Kang, ZHAO Qingjie, YANG Hexing

(School of Computer Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: In this paper, a constraint satisfaction-based task planning method based on the hierarchical constraint graph was
proposed for the attachment task planning of a multi-node probe. First, the representation of time-resource constraints, task-time
networks, and hierarchical constraint graph models were introduced, and the planning problem was transformed into a constraint
satisfaction problem. The method inferred the value range information of variables through the task-time network and employed an
arc consistency algorithm with bidirectional constraint support for constraint propagation. In addition, the variable heuristic rules
guided by constraint hierarchy information and value heuristic rules that prioritize resource satisfaction were designed. Experimental
results demonstrate the effectiveness of the proposed method.

Keywords: multi-node probe; task planning; hierarchical constraint graph; constraint satisfaction problem; heuristic rule

Highlights:

e The attachment task planning of a multi-node probe is reformulated as a constraint satisfaction problem by modeling time-resource

constraints and a hierarchical constraint graph.

e A constraint satisfaction-based task planning method is proposed based on the hierarchical constraint graph.

e The proposed method is tested by numerous experiments using multiple example data, and the results prove that the task planning

method based on hierarchical constraint graph is effective.

[riEmit: RE, EXLTFR: RAE]
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