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ABSTRACT

The efficiency evaluation of the railway lines performance is done through a set of indicators
and criteria, the most important are transport density, the productivity of enrollee, passenger
vehicle production, the productivity of freight wagon, and the productivity of locomotives. This
study includes an attempt to calculate the most important of these indicators which transport
density index from productivity during the four indicators, using artificial neural network
technology. Two neural networks software are used in this study, (Simulnet) and (Neuframe), the
results of second program has been adopted. Training results and test to the neural network data
used in the study, which are obtained from the international information network has showed that
the error rate in the training and the testing process was about (10%) and that the results of the
network query has given the results of acceptable accuracy statistically so that it was better than
results obtained from multiple linear regression equation for the same data.
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) cilS V) Glie e (I puedl) Glisll 23l e dgnanl) AN el ey el 38 aladiuly
(2) ply Joaal) A Ae & LS
asaial) adl) asi¥) aladiuly JAI ABUS il 1A 5kl
SV il wbly Je (Multiple Linear Regression) sasiall daall jlasi¥) Gk 3gladll o8 (panals
Ualaall cil<s (MS EXcel) gl 2 Laacadll (Linest) ala alasiuly @lldg cdadad dalae Llita dusaal) 40430
1 p daslll (10) a3,

[10] my X4 + m3 X3 + my X, + my X; = (Traffic Density ) Jaill 2
o) &
e 8Bl Laliy piliad) Lials Lalis) «pilud) Ape il caiial) Laliil clyise a1 Xg, X3, Xo, X
sl

caadall odll sty Glas (e A3l hadl) Aalaal) Culgy a2 My, M3, My, My
423Ul Aaleall (Coefficient of Determination (r°)) clual) Jales dads dobeall Culsi 28 (3) by Jaad) Cans
(1.0) e i luall Jeles ai o Jpond) 138 (6 TanSyy sl DA sl il laai¥) dlee (3
5 laatY) Alslae il e o olall laadl) Aslee i s Rla¥) UL ot i I Gl i e
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ey alaY) Jalae e (min ) 505 dppn e ded ojliie) (Y clldy hiva (D) dobedll & G3lhall sl e
Dlia) LIS a¥) Lali) clpise 5% Lovie Jaall 480 Gl (66 Y o) ilaidl)

JA) ABUS Guludial 8y s cila e 455l8a ARG §ghail)

JS Aba) L) pe 2amiall JLadl) lasd) Alalee Cilajdiey Lpsanll A0l Cilajia Dl sshaall sda (paus
(Aasall claaliall) adiaall usd (o Gftial Cpabis Galag o @Al Aygiaal)l cyloa) AaE Hladinl sas e
Pl L IR il (e US lshad sl

Ho: g = 0; Hy: fg £ 0 ALl A dlly aal) Baji
a=0.05 2(0) Watl) Lygine s5ine @

:(11) o) Aslad) aladinly Covay (Test Statistic (z)) JLaY) y55« o

Z= [11]
S/vn
n=150
21 =1.7713 ; 2z, =4.5476 : & in)ladl HLEAY) ji%e Hlasa Q\G:\lgé

05a 05a
0 2w 1.96 = (2g-0.05) 4 Alsaal) Al @
Z) < Zg-0.05 5 Z2 > Z0~0.05 10 GEDBA e iy @

Aagadall claalia) (s 3ol Glluay idlan¥) Gal zi (4) Ay Jgaad) cans
4 laal) gilis AcBlia :day)l) 5ghadl)
A8l 5 AlaY) clild) s Jaill 2861 Gulea) Galanssll G Gl o (4) Ay Jsaad) Al Rl e o
G ¢(0.05) dysine ssime Gan grine e (B s LelihaY] sl ASU dlatnl Glajde sy Jall
hall laal) Alilee cilapde Canay Jal) A86S, Al Ul caua Jall ASES Ganlal) cdansll G 34
bl s i Gl O Y (7)) 2la¥) Joles A ooy Tam IS JaaV) (ginnn ¢ (30 ppl) lad coneial)
058y @) Lali) Cdse aladinly aall SIS0 Jagladl Jall LU 06 o) ) udy Lee clisine B Jiay Legin
i) adl) sVl AlaSiul die Juadl dpaal) il alasil
Aal a7 dsadll 7 Uikialy Apwluad] Jdas e )a) 1 dualdd) 3ghil)
b Julas (§
Ay Aaphall ey Gpulual) Qs el b Led aipe A1l il e puatie JSU Jall A8ES dulia e Gl
:(Tofan, 2009) Jaadl & Ll
Al skl o3y Jidi (f) 5 V) sdie oy Jidi (i) o G (Py) ol il Cauas (j) Asbde sie IS (1
o O Bl pell Asllaall Al X Auadal) Badally JAAYI Bae (p Jaghll ()5l Adladl) Aadll Cajuay ellbg
ZVAY s 5 463 538a])
(XPi) sl 55 disall 338al) G (Py) af g sanae o Jlaa) 2k IS (Py) asf anii () Lida 5330 JSI (2
(Qj) Ll Juanil
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Foll Jpanl (S)) a8 s &3 ¢(S) ole Jemail (j) af IS e Aalil (Qy) o gans (i) Sl 328 U< (3

-(2S)
G i) Rl e JIasl e IS i s Juasl (TS) gendl e (S) oS 0 Rad S mli (4
L3

() 1aa i (5) oy Jgad) coms
dalil o) (Simulnet) zaliy Glajie Geca il Zpuluall Jidad e il Zpulual) st 455l die La a3l
L;Mg_é.dm_)&;ﬂ\Q&J‘w@hﬂ\%gﬁ&\,ﬂ\@&@z\,@gjdﬁﬂ\&ém‘;&\);EJZSY\JALJ\@S)L.GJ\

(gAY EEN Jalgall yueal Jaul) 486K Al
tAgmand) Al a7z dgadl) gz Lk (o
b il 6 aly Jeaall ) AEY) c¥aleal) e Jaidiall ol g dgailly dpanll A8 bl Jia (Say

t(olsY)
Input Scaling of (Xi) = (Xi — Xmin) / (Xmax — Xmin) [12]
Hidden Layer Model : hj = ®(3i wij X;) [13]
Output Layer Model : yx = cI)(ZJ Wik hj) = O wik (i wij Xi)) [14]

where the sigmoid function is : ®(t) =1/ (1 +e 99)
sleiil amyy At al ) Lehiad Gl e 3K clluad Alie a8 ) <D a8 Jead (12) a8y daled)
2 Jae s @iy (cla il damiall ) sl Jlasinl duSae ddeny Glajad) ad Jisad sl cilbiloal)
.(Neuframe) =<l & (Encoder) Jisaill saag Jac udi ga dlalaal)
t0) s ) Janl) Ay 8 gt o JASY) lyitie X i) Gipia dhala aalas
T = wi X (Summation includes wy))
te = 25 Wik hj = 35 wik D(t) (Summation includes w)

(6) # dsia I A5V 1.0 55l (9) Gad o Gl o
tie; = — 0.180214505+0.686261652x;+ 0.046266174 x; — 0.526911164 x3 + 1.463035512 x4
tio = 0.635897702 - 1.360412268 x; — 0.245728395 x, — 0.908420545 x3 — 2.04127738 x4
ti3 = 0.379851428 + 0.105046876x; — 0.072760153 x, — 0.160273296 x3 — 1.948132277 x4

:dleAG_“\;g
hy = ®(te) =1/ (1+e )
hy = O(t) =1/ (1+e?)
hs = O( ) =1/ (1+e )

te-1 = — 0.069630097+ 2.273622393 h; — 3.029695331 h, — 2.257864264 h;
S Clajie o s dia
Vi = @(ter) = 1/ (1+e ()
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Lanll 403 (ge (Neuframe) galiy aladinly 4ahaiul & (C7) 4l oosuls zalin dakid (6) ) Jgaad) s

Ayl o3a (e dalil

el lnayly 4Bl
coblatll S 3 Jalsall By o gl Gy JE ASES e Al FEV) Jalal) Lo sLUE Al ol Al cay
LAY D Jalgal) il Ja) A Tl (530 b SUlal) Cilisys

Crmlaal) Galasgl) o Gl W) (1) slad¥) ol Aad Canmy Tam (IS Jani¥) (gsise () (e pl) xd caaial
OsSs V) LaliY) Chdne aladinly aall G aglaal Jall LUS 508 o) ) ady Lee clisins B Jiay Legin

caaxiall Jadll jlaai¥l aladiuly 4t Juadl dgpasl) IS aladiul
Goinds dilee o Al ly Jaall Gyl o 52kl A dada e 5008 Lypanll SIS o Liay) dusall iy

:zumb.ﬂ\ JJLAAA
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synapse wj
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Input B
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P —t y = f(Zi wi xi)
—
—q
terminal button
—4
—
o
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Forward Pass Back Pass
Xi
L wij = Wij + Awjj
Wij n
Awij
4 ]
hj = f (Zi wij xi) 5
U L}
Wik = Wik + Awijk
Wik
4 L}
U Awik
L}
yk = f (Zk Wik hj) Bk

Outputs

adll aal)l) LAY @d clidall Basia ASul) .4 o8 JSi
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.(Neuframe 4) zaliy aladic) ¢pe Aaall) Luand) Al @il AadA L1 Jgan

Back Propagation Network
The network has 3 layers.
Layer 1 has 4 Linear nodes.
Layer 2 has 3 Sigmoid nodes.
Layer 3 has 1 Sigmoid nodes.

Layer 1 : Input Layer

Layer 2 : Hidden Layer Layer 3 : Output Layer

Training Error = 0.101831
Test Error = 0.105764

Weights:

Layer 2

Node 1 Bias is | -0.180214505
Node 1 Weight from 1 is | 0.686261652
Node 1 Weight from 2 is | 0.046266174
Node 1 Weight from 3 is | -0.526911164
Node 1 Weight from 4 is | 1.463035512
Node 2 Bias is | 0.635897702
Node 2 Weight from 1 is | -1.360412268
Node 2 Weight from 2 is | -0.245728395
Node 2 Weight from 3 is | -0.908420545
Node 2 Weight from 4 is | -2.04127738
Node 3 Bias is | 0.379851428
Node 3 Weight from 1 is | 0.105046876
Node 3 Weight from 2 is | -0.072760153
Node 3 Weight from 3 is | -0.160273296
Node 3 Weight from 4 is | -1.948132277
Layer 3

Node 1 Bias is | -0.069630097
Node 1 Weight from 1 is | 2.273622393
Node 1 Weight from 2 is | -3.029695331
Node 1 Weight from 3 is | -2.257864264
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Input Traffic Density Network
Employee Wagon Locomotive (D@tal-Base Query
Prod. Coach Prod. Prod. Prod. (TestaTl;?)get) Output

610.39 9634.74 443.29 41109.55 3973.7 4456.35
2209.93 7128.52 963.67 49960.4 4245.69 5666.38
378.91 1981.09 327.21 22170.21 1085.98 2232.91
1729.38 4408.72 1795.31 37391.89 3077.86 4725.12
547.46 3057.99 318.32 18925.38 3881.3 2045.56
668.77 3945.62 455.02 20101.61 4084.75 2309.16
99.09 1259.26 173.4 7156.57 517.15 743.7
260.86 1263.16 298.41 12013.16 693.24 1214.34
126.07 787.89 156.18 6137.63 757.33 674.3
215.17 666.67 347.54 10400 892.7 1066.56
471.8 4686.51 317.78 23590 1415.12 2507.95
322 4533.33 556.89 21000 658.04 2243.4
609.54 4392.52 694.09 31097.08 3485.58 3466.72
957.63 7902.12 1037.15 44753.77 4670.16 4963.98
581.33 429.2 664.78 22602 474.43 2477.89
688.45 5162.1 1065.45 57860.84 6367.17 5648.37
847.2 1313.95 461.73 10925.77 996.81 1484.66
336.95 13150.84 229.83 49408.78 3754.33 5014.57
272.6 1461.68 308.31 10918.29 369.64 1140.98
112.02 4258.62 4.38 10232.33 505.36 980.65
400.23 2308.04 577.55 18954.06 3566.77 2035.07
486.92 1908.57 604.52 16855.52 3187.57 1885.05
520.64 2622.05 542.99 19932.62 2313.54 2197.64
678.37 2421.58 744.09 37883.12 2054.95 4107.14
268.1 1178.77 122.88 8279.8 2484.25 877.97
990.63 6775.86 578.64 28303.57 1553.92 3442.59
339.33 1045.45 491.39 17551.72 561.81 1800.61
853.28 5301.37 715.26 29677.52 4119.2 3498.88
3404.85 225.18 1164.64 41841.27 5468.07 5441.53
857.01 3928.12 620.01 28796.69 2103.07 3347.93
1708.53 3794.3 672.12 36502.24 2253.04 4503.3
189.11 2842.61 43.49 25572.76 2270.97 2368.73
68.31 227.27 164.7 7008.7 147.13 698.31
1219.78 4053.44 1289.4 33733.49 2188.21 4162.22
1423.71 12495.59 1799.73 35258.91 1904.63 4595.74
865 3171 796 13535.35 7440 1891.15
173.21 2783.78 550.65 17744.44 586.81 1792.54
225.7 3435.16 293.86 12679.78 606.72 1302.98
311.02 4050 349.04 17313.33 698.12 1793.84
548.54 6517.79 359.54 37202.76 3170.38 3974.01
555.68 2876.29 529.59 19459.77 1521.22 2174.84
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336.84 4312.98 478.53 19354.75 1656.65 2057.17
455.42 4452.7 563.78 26580.04 1622.86 2882.85
383.6 5630.97 865.02 18591.6 2476.29 2185.54
191.48 2871.89 124.6 7313.75 126.95 813.17

671.82 377.3 185.04 15604.59 114.32 1681.41
116.57 3201.51 288.99 10251.99 1364.76 1048.28
169.37 4267.79 588.54 23320.87 2802.7 2384.02
447.06 3670.14 228.71 15567.88 3765.57 1656.99
59.63 613.72 77.09 4062.37 521.56 499.64

casial) Ll sy Aalaa qladal gilis .3 Jgan
m; 2.033614876
ms -0.002930185
ms -0.251881432
Ma 0.096333869
r° 0.841594808

DA (e gainal) Gl (e dgglead) Blag¥) G AN Agine JUEA) aladioly Lslaay) Ajal) milii 4 Jgea

Aagaial) @l lial)

Traffic Network Regression Network Query Regression Output —
Density Query Output Output — Traffic Density
Output Traffic Density

3973.7 4456.35 5061.65 482.65 1087.95
4245.69 | 5666.38 9043.41 1420.69 4797.72
1085.98 2232.91 2818.08 1146.93 1732.1
3077.86 | 4725.12 6653.87 1647.26 3576.01
3881.3 2045.56 2847.34 -1835.74 -1033.96
4084.75 2309.16 3170.31 -1775.59 -914.44
517.15 743.7 843.56 226.55 326.41
693.24 1214.34 1608.9 521.1 915.66
757.33 674.3 805.99 -83.03 48.66
892.7 1066.56 1349.95 173.86 457.25
1415.12 2507.95 3138.2 1092.83 1723.08
658.04 2243.4 2524.28 1585.36 1866.24
3485.58 | 3466.72 4047.57 -18.86 561.99
4670.16 | 4963.98 5974.36 293.82 1304.2
474.43 2477.89 3190.84 2003.46 2716.41
6367.17 5648.37 6690.51 -718.8 323.34
996.81 1484.66 2655.25 487.85 1658.44
3754.33 5014.57 5348.54 1260.24 1594.21
369.64 1140.98 1524.22 771.34 1154.58
505.36 980.65 1199.94 475.29 694.58
3566.77 2035.07 2487.59 -1531.7 -1079.18
3187.57 1885.05 2456.11 -1302.52 -731.46
2313.54 | 2197.64 2834.52 -115.9 520.98
2054.95 | 4107.14 4834.45 2052.19 2779.5
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2484.25 877.97 1308.43 -1606.28 -1175.82
1553.92 3442.59 4575.55 1888.67 3021.63
561.81 1800.61 2254.06 1238.8 1692.25
4119.2 3498.88 4398.5 -620.32 279.3
5468.07 5441.53 10660.87 -26.54 5192.8
2103.07 3347.93 4349.25 1244.86 2246.18
2253.04 4503.3 6810.48 2250.26 4557.44
2270.97 2368.73 2828.82 97.76 557.85
147.13 698.31 771.94 551.18 624.81
2188.21 4162.22 5393.59 1974.01 3205.38
1904.63 4595.74 5801.97 2691.11 3897.34
7440 1891.15 2853.2 -5548.85 -4586.8
586.81 1792.54 1914.78 1205.73 1327.97
606.72 1302.98 1596.4 696.26 989.68
698.12 1793.84 2200.57 1095.72 1502.45
3170.38 3974.01 4589.75 803.63 1419.37
1521.22 2174.84 2862.85 653.62 1341.63
1656.65 2057.17 2416.35 400.52 759.7
1622.86 2882.85 3331.65 1259.99 1708.79
2476.29 2185.54 2336.71 -290.75 -139.58
126.95 813.17 1054.16 686.22 927.21
114.32 1681.41 2821.76 1567.09 2707.44
1364.76 1048.28 1142.5 -316.48 -222.26
2802.7 2384.02 2430.28 -418.68 -372.42
3765.57 1656.99 2340.5 -2108.58 -1425.07
521.56 499.64 491.39 -21.92 -30.17
Mean 352.1262 1121.7474
Std. Deviation | 1405.66453 1744.217182
z (Test
Statistic) 1.771338883 4547571264
.. Z1 < 1.96 — difference | z, > 1. 96 — difference
Decision

is not significant

is significant
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Input Absolute  |Hidden Wé?\br?fsll#reom Output
Nodes| Weights (from | Nodes g Node Pij Qij = Pij / i Pij
() linput to hidden)| () hiddento | =y
output)
1 0.686261652 1.56029986 | 0.252072756
2 0.046266174 0.105191808 | 0.016994162
3 0.526911164 1 2213622393 1.197997023 | 0.193541267
4 1.463035512 3.326390302 | 0.537391814
Y Pij| 6.189878992
1 1.360412268 4.121634695 | 0.298608531
2 0.245728395 0.744482171 | 0.053937028
3 0.908420545 2 3020695331 1 2.752237483 | 0.199397000
4 2.041277380 6.184448547 | 0.448057441
YiPij| 13.8028029
1 0.105046876 0.237181587 | 0.045947991
2 0.072760153 0.16428255 | 0.031825629
3 0.160273296 3 2.257864264 0.361875347 | 0.070104283
4 1.948132277 4.39861825 | 0.852122097
Yi Pij| 5.161957735
Input Variables S; =73 Qjj R.1% = (S;i/YSi) * 100%
Employee Productivity] 0.5966293 19.89%
Coach Productivity] 0.1027568 3.43%
Wagon Productivity| 0.4630425 15.43%
Locomotive Productivity| 1.8375714 61.25%

Aganl) AG,50 paly ) g dsalll clea .6 Jg2a

Hidden Layer

Wi; (Weight from node i in the input layer to the node j in the

Hidden Layer

Nodes ; : hidden Iayer? - Bias W,;
=1 =2 =3 1=4

j=1 0.686261652 | 0.046266174 | -0.526911164 | 1.463035512 | -0.180214505

j=2 -1.360412268 | -0.245728395 | -0.908420545 | -2.04127738 0.635897702

j=3 0.105046876 | -0.072760153 | -0.160273296 | -1.948132277 0.379851428

Wi« (Weight from node j in the hidden layer to the node k in the

Output Layer

Outﬁtétdlgayer output layer) W
: =1 =2 i=3 S
k=1 2.273622393 -3.029695331 -2.257864264 -0.069630097
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