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Modeling and Analyzing Train Running Delays Causation Based
on an Extended Fuzzy Petri Net
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Abstract: In view of the serious situation of train running delays, an extended fuzzy Petri net was proposed (extended fuuzy
Petri net, EFPN) , and on the basis of some critical factors easily causing delays, a train delay causal analysis model based on
EFPN was constructed after simulating and analyzing the causality of the given factors. EFPN reasoning algorithm was used
to analyse and calculate the validity of the factors which lead to train delays, and the highest validity of the cause is the most
key factor of train delays. Case analysis indicates that EFPN model can reflect the logical relationship among various
factors, and it can get the main causes of train running delays through quantitative analysis.
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(fuzzy Petri net, FPN) )iz i 4= FPNUUBOR = AR 2
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Fig.1 FPN of three kinds of fuzzy production rules
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Hvody dy. o odis d, R YT RS
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Fig.2 Model of causes of train delays based on EFPN
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a(p1)=0.10, a (p2) = 0.76, o (p3) = 0.93, & (ps) =
0.66, & (pe) = 0.84, o (py) = 0.98, a (p10) = 0.85,
a(p11)=0.85, a(pis) = 0.50, o (p1e) = 0.74, ot (py7) =
0.30, AN ABIE M BAFE N 4, (1) =0.94, 4 (1) =
0.94, 1, (t3)=0.90, u, (t4)=0.88, u (t5)=0.87,
s (16) = 0.90, 4, (27) = 0.91, 1, (25) = 0.98, 11, (t9) =
0.98, 1, (t10)=0.91, u,(t11)=0.90, u,(t;)=0.95,
s (112) = 0.89, 1, (113)=0.94, u.(t14) =0.83,
t (t15) =0.85, u,(t16)=0.87, p(t17)=0.88,
o (118) = 0.96 , Fr uft) T AR /R HXT I A8 3E & A
JE BN —AERE S, B0 u, () FREETE 4 Kt
JEBIPERT ps J7 BRI, RAANEITMRIE 4, =
0.61,i=1,2,-,13. FIMIEEIEF po, HTE po 5
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Q) t, KEM a(ps) = o) x us(t) = 0.76 x 0.94 =
0.714 4, W) L(ps) = [p2» @ (ps)] = [p2, 0.714 4].

(3) 15 KA a(ps) = a(ps) x us(ts) = 0.93 x 0.90 =
0.837, M| L(pg) = [p3, & (ps)] = [p3, 0.837].

@ty KA a(ps) = a(ps) x ps(ts) = 0.66 x 0.88 =
0.580 8, T o (ps)<<As = 0.61, ts NI RE.

(5) te KA o (p7) = (ps) x 1t5(ts) = 0.84 x 0.90 =
0.756, W] L(p7) = [ps, & (p7)] = [ps, 0.756].

6) ts KN e (p7) = a(po) X pas(to) = 0.98 x 0.98 =
0.960 4, M L(p7) = [po, & (p7)] = [po» 0.960 4]. 1T Fir
AEL p ML C LT, BT L(p)R9EE 2 4T
R AE, Blpy, 0.960 4].

Dty KAER a(ps) = a(pr) x us(t7) = 0.960 4 x
0.91=0.874 0, 1| L(pg) = [p7, 0.874 0].

(8) 1o KW ar(ps) = a(pro) x ps(tr0) = 0.85 x
0.91=0.773 5, | L(ps) = [p10, 0.773 5].

9Dty KEBT o (pr2) = a(pi) x tiatn) = 0.85 x
0.9=0.765, W] L(p1,) = [p11, 0.765].

(10) 11, KA a(pg) = a(pr2) x fs(t12) = 0.765 x
0.89 =0.680 9, Wl L(ps) = [p12, 0.680 9]. MLt fr 47 5]
ik ps MG OLE T, BUI Lps)W5H 2 NIuER(E
K, Bl[p;, 0.874 0].

(1)t BHER a(p1o) = a (ps) X tho(ts) = 0.874 0 x
0.98 =0.856 5, M| L(p19) = [ps, 0.856 5].

(12) 11y BN o (p13) = opin) x ps(tn) = 0.85 x
0.95=0.807 5, | L(p13) = [p11, 0.807 5].

(13) 13 KHAERF o (pro) = e (p13) X thiolt13) = 0.807 5 x
0.94=0.759 1, ] L(p13) = [p13, 0.759 1].

(14) 11 KHEB a(pis) = o (pre) X ths(tie) = 0.74 x
0.87 = 0.643 8, M| L(p1s) = [p16, 0.643 8].

(15) iy KABF o (p1o) = @ (pi1s) X tioltrs) = 0.643 8 x
0.96=0.618 0, | L(p19) = [p15, 0.618 0].

A 258 pry BN E 2358, BUNA
L(p1o)55 2 ANIOCREm KT, Bi[ps, 0.856 5]. Mt
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TR X AL B8 T 1) 7 1 R BEAR S ZE M s 0%, He At &

R E Bl MR EETTE, HEE
Pl , Fo B8 BRI SR i) | BAT R X, JF
ANBERR K] RE R PR A 2 s 3.
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