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Abstract: The knowledge reasoning is a core area of artificial intelligence, which aims to investigate how to reason
from known (knowledge bases and inference rules) to unknown in order to assist an agent to make rational decisions.
Since an environment where an agent lives may be unobservable and uncertain, its knowledge base usually contains both
deterministic and uncertain rules, and the reasoning process requires their close collaboration. However, they cannot be
represented in a unified way by the reported methods, and their corresponding reasoning processes are often separated
from each other. Therefore, an inference method is proposed based on a knowledge Petri net to realize the certainty and
uncertainty joint reasoning in a unified architecture. First, a new knowledge Petri net is defined, which can be used to
describe not only deterministic rules but also prior probabilities. Second, according to structures of a knowledge Petri net, a
probabilistic independent pruning algorithm is given, which can greatly reduce the computational complexity of uncertainty
reasoning. Finally, a new inference algorithm is given to realize the joint inference by utilizing a knowledge Petri net and
the probabilistic independent pruning algorithm, and the Wumpus world is taken as an example to illustrate and verify the
theoretic results.
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Table 1 The clauses and their semantic constraints in the Wumpus world

TH] D EAL T D EAIL

1 51+ wg + w5 + Wy + wh < 2 r20  S6 + W3+ w4 + W5 + w5 + wy + wh < 3
9 §1—|—w2+w§<1 21 §6—|—w3+w§<1

r3 §1+w4+wf<1 992 §6+w5—|—w§<1

T4 9 4 w1 + Wi + w3 + w§ + w5 + w5 < 3 723 56 4+ wo +w§ < 1

rs 5o +wyp +wi <1 To4 s7 + Wy + W5 + ws + W < 2

re So+ws+ws <1 ros s7+ws+wi <1

r7 52+ ws +wh <1 26 57 +ws +w§ <1

rg s3 + W + W5 + we + W < 2 ro7 88 -+ W5 + Wh + Wy + WH + Wy + w§ < 3
79 53 +wy +wj <1 T28 58 4+ ws + w5 < 1

10 53 +we + w§ <1 29 5s +wr +wp <1

ri1 84 + w1 + WP 4 W5 + WE + Wy + wE <3 30 5g +wy +wd <1

12 S4+wr +wp <1 731 s9 + we + Wg + ws + wg < 2

13 §4+w5+w§<1 39 §9+w6+w§<1

714 54 +wr+wp <1 r33 59 +wg +w§ <1

T15 S5+ W2 + W5 + Wy + W] + We + WE +ws +wg <4 || Po wy +wi <0

T16 55 +wa +wj <1 P1 51 <0

17 55 +ws +wf <1 D2 52 <0

18 85 + we + w§ < 1 D3 54 <0

719 §5—|—wg+w§<1

£ 2 BARMEE SoiR Petri F 7T ik B #9745 &,
Table 2 The leaf nodes of the reachable graph of the tar-
get probability knowledge Petri net
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N 001 010010 01 0.032
vs 001 010 001 00 0.128
6 ik
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