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Résumé:

Cette recherche vise a analyser I'impact de la négociation de produits d'ingénierie
financiére sur I'efficience des marchés financiers. En se concentrant sur un échantillon de
marchés financiers émergents. Y compris les marchés du Koweit, la Turquie et I'Inde. Les
données utilisées dans cette recherche sont les prix de cléture quotidiens de ces indices. Ou
ils ont été obtenus a partir du site internet Investing.com. Nous avons essayé de sélectionner
les données pour la période précédant I’introduction des produits dérivés sur ces marchés.
Et la période suivant le processus d'introduction. L'analyse de l'efficience des marchés
financiers de I'échantillon étudié était basée sur I’hypothése de marche aléatoire. En étudiant
la mesure dans laquelle ces données de marché suivent le modéle de la distribution normale.
Avec I'étude de I’autocorrélation et la stationnarité de ces données.

Les résultats de I'é¢tude ont montré que les trois marchés financiers étudiés ne
répondaient pas aux exigences du I’hypothése de marche aléatoire. Ce qui nécessite
I'utilisation d'un modeéle statistique pour estimer I'évolution des données de ces marches. Le
processus d'estimation était basé sur des modeles de réseaux de neurones artificiels. Ou nous
avons obtenu des modeles statistiques de haute qualité dans I'estimation des données des
marchés financiers. Ainsi, il a été conclu que les marchés financiers étudiés n'ont pas encore
atteint I'efficience a leur faible niveau. En sappuyant sur les indicateurs de la qualité
d'estimation de ces modeles statistiques, le niveau d'efficience du marché a été comparé
avant et apres l'introduction des produits dérivés. Les niveaux d'efficience atteints ont éte

améliorés au Koweit et en Turquie. Et ont été diminuées sur le marché indien.
Mots-clés: marchés financiers, ingénierie financiére, efficience, 1’hypothése de marche

aléatoire, réseaux de neurones artificiels.
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Abstract

This research aims to analyze the impact of the negotiation of financial engineering
products on the efficiency of the financial markets. Focusing on a sample of emerging
financial markets. Including the markets of Kuwait, Turkey and India. The data used in this
research are the daily closing prices of these markets indices. Where they were obtained
from the Investing.com websites. We have tried to select the data for the period before the
introduction of derivatives in these markets. And the period following the introductory
process. The analysis of the efficiency of the financial markets in the sample studied was
based on the hypothesis of a random walk. By studying the extent to which these markets
data follow the pattern of normal distribution. With the study of autocorrelation and
stationarity of these data.

The results of the study showed that the three financial markets studied did not meet
the requirements of the random walk hypothesis. This requires the use of a statistical models
to estimate the evolution of the data of these markets. The estimation process was based on
models of Artificial Neural Networks ANN. Where we have obtained statistical models with
high estimation quality. Thus, it was concluded that the financial markets studied have not
yet reached efficiency at its low level. Based on the indicators of the quality of estimation of
these statistical models, the level of efficiency of the market was compared before and after
the introduction of derivatives. Efficiency levels achieved have been improved in Kuwait

and Turkey. And have been diminished in the Indian market.

Keywords: financial markets, financial engineering, efficiency, random walk hypothesis,

Artificial Neural Networks.
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available at: http://hdl.handle.net/10419/66758 consulted: 20/11/2017 at 23 :00

2 Serkan Cankaya, pros and cons of financial innovation, chapter in: globalization of financial institutions: A
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Wiley & Sons, USA, 1997. P 239.

100



igllall R sially @llall 2581 @yl Il Il Jemill

Crliing 'tblaal) @l yagiads miliat madi (50 ¢sDlaall leasi S el yilly and) yalsl i
Ay ¢ Il o) Jals CDlaall 8 53 agoal (3l eDlaal) il ae el e g5 138
N33 amaadd) 8yl o et IS5 glannd E A3 dal (e APl il slaall agaal
&V eDland) ads Gslglay anadl) Byulas o) 2a3 3¢l clgana (s CBlalaal) 22c 53l aglas
2 oaall 5 cOlelaall o Julf ey ALl (e Yy ysraall CDlaall (e ST 22e oLl
On Line Brokerage Hhall Ao §pwacd) cilaad .3

A V) Jloa¥) il e adieg s cplsl) Gaal e cleadll (e gsill 28 ey
D paiise gad Byusaaal) Ciladd (e gaill 130 g 8 13g] Byl iledd aa Jal e
G LSl palaas) ) palaady) s aap Gos gl By 45080 4NVgee (aliady
bl 4 IS Bpusandl ilard OF ¢ uitagall Cinjlians (3la Lo dald Bpuuandl Cigy el
CNsanl) il Bl G alel dajall ity Lae Sl Ly Ajlae cpuilsall o il 22
WY e iine pan e Llaall ae oDlaall e diag sidll

package trading 4ajall 8,aliall : Wil

A dalla) cleleall (e 23a g5 585 (Program Trading gelisd) syabies Liagd cajes

col€ Lol 8 4l Gus daja Lgin Lad S0 L) @lsa¥) (g A sanay Jolall DS (50
Lol cnyal (1975 L e Ly il 2 Banly L wde agud Ao gans e Hle dajall
Cagl anlty Haliall (e g sl 138 mans Cua (Ciligall (o it de ganal dle ol aia
Slae ¥ 2 dajall abiadl Gl (sl w1 13s e g ¢clslV) e degana LB e DU dalall
Gl 51 dalae Jaig—usi Jad e ol cle A wigad AL Asiaall Cilisa st dal e leale
badiaal) dajall 4ni (Aullall oY) (e daja ol ) clisgadl (e maal) el Gua diadl)

! Jones Charles P, Investments: analysis and management, 11t edition, John Wiley & Sons, USA, 2010. P 105.
2 Hassan El Shamsy, Layman’s Primer on Stock Investment, Universal Publishers, USA, 2001. P 17.
3 |bid. P 18.

101



igllall R sially @llall 2581 @yl Il Il Jemill

Gl Alal) ) il AU gl Lgie sy 13a 8 by (bl Boull Si5e anii b
Lsan o 81 JS auitd AU gl (ha Bl g 8

el it s edagall Adlall Slalaall (g a8 Aajalls Baliall dolee Liail aalody
A a Wil ol 3Sa o3 o) e ¢ ang iy b Adlall gl Cabide oy Jeaill 4ulS4)
(S Gl dajl 8 Bl e s o) oSar (Gl bl 8 alie (mlaas) (o) of Cas
b oS paliail aie G o) (e Las el a3 ) Ga S pas (e das
2300 eV s 8alyy Ml (ALl lgal) Gl e

ChgdSal) Ao aully (alelly Jglail) :CdU) cllaal)

Margin Trading (gwlell Jglai oY

Slie) Ao cdllal)l 4wl sasaal) cl )l o (ielgdl Jglaal) cilblae it
Sl Ol Gy ana o Allal) Claiiall o pas 2l e et ) 5,08 5aL3 Lehals))
Lol Faalal) allgely LI a5l (e eha ey (opaii wsall a8 dy 2 ay cagaal jigial
Cilonsay gl Jia H31 Glaia e sl luand) o (g B IS8 A aide Jaans Aol gl
Johsll oli Nl cinitial margin Js¥) Gelell Qaesdl J e g siaad) ghall Coya oJisaill
ALl ¥l L) Ladhl) 5 PDlaid) e Jaeall rrans (alglly

s calidy ¢ dalgl) Jglall Gls cliish daeal) sl DA (e Gialgll Jlall dilyy 23
3 ot ag y i Caliay oy uwle ) (gl Lgatd 2 ) dlall (8 clilall e alual)
3 al e e bl die gz Liadl Hlused) laindy WS e Al Il (e bl
Dl sal A oS aluall 138 ey aminimum marging oY1 Gieledls ey il
totalell e ol aldll 2y Lexie galadin) Jreall (S

240 U ¢ oliidiall g gy sill aladialy Adlal) digh : jhldal) 303 B Cuaal) S8 (o aal ) e 1

241 o «lll ga all 2

3 pathak Bharati V, The Indian Financial System: Markets, Institutions and Services, Pearson Education, India,
2011. p 249.

4 Maxwell John C, Leadership 101: What every leader needs to know, Thomas Nelson Inc,USA, 2002. Pp 7-9.
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on URL: http://www.ftse.com/products/downloads/FTSE_Global_Equity Index_Series.pdf.

Consulted 24/01/2018, at 09:15
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1 Fatemah Abdulla Al Shuraian, Market Manipulation In Kuwait Stock Exchange: An Analysis of the
Regulation of Market Manipulation Prior and Under Law No. 7 of 2010, PHD thesis, University of Leicester,
United Kingdom, September 2013. P 25.
2 Mohammad E. Al-Wasmi, Corporate Governance Practice in the GCC: Kuwait as a Case Study, PHD Thesis,
Brunel University, United Kingdom, December 2011. P 194.
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1 The National Stock Exchange, About NSE. Available on URL:
https://www.nseindia.com/global/content/about us/about us.htm . Consulted in 11/03/2018 at 07:21.
2 The National Stock Exchange, About Equity Derivatives. Available on URL:
https://www.nseindia.com/products/content/derivatives/equities/about equity der.htm Consulted in
11/03/2018 at 08:15

177


https://www.nseindia.com/global/content/about_us/about_us.htm
https://www.nseindia.com/products/content/derivatives/equities/about_equity_der.htm

gllalliasiall syliiia Jolag sy Joo dgllall SloaVlaelod als LIl J=sll
% 455 1808 42,36,983 93,10,471 2016
% 42.2 1885 50,55,913 11978421 2017

: rad

https://www.nseindia.com/products/content/equities /equities /historical_equity businessgro

wth.htm, Consulted 10/01/2018, at 08:15

lelo) cala w38 dudagll aigh dmyed el daidll o oDlel Joaall Dla e Laadls
& 2010 i dnyy osh 6,009,173 e €Ly 2017-2010 55 s Lligals
2017 2w dug)y sl 11978421

Gyl Dl paless) a1 o cla 28 ATghanall ag ) dadl Ayl
L2017 dis dla e daiiall Gl EDE Pha g Us)¥) 25kl <2014:2013:2012:2011

Jysina leliiy) 2017-2010 55l DA dayel) cila o 238 IS, 8l dae iy Lo Ll

po Alaalls iina mii) a9 2017 diw iS55 1885 LN 2010 diws 4S5 1470 (e cllyg
DAY 58 3¢ 3 a1 e Jamas (et Ly - Jgsihaal daaygng CusSll dayg (g US
5,aY) gt DA £ LY 35l <%38,5 Ao sie 2014 dle 1) 2011 diw e (ale

%42,2 12017 i Joad

A pal) b dasdional) dubaa) o) : SEY Ginsal)

die 5ol (3ia3 (saal HLEAIS ¢ Alsfial) il Gl e A i)l asla 8 sl

b S Cllaal) L cduhal) dungias Cipad Ao Al Jo¥) llaall Jaidi) 13gly ccumial) g

o5 WS clgle aaiag A Adleasy) chlial¥) saly (Slsdiad) o) iy canpatl) e Jais)
o) 3 Lglelainls Bpnaell Al Lale ) 4te alylly GEN Qalladl) 3 (3Ll

178


https://www.nseindia.com/products/content/equities/equities/historical_equity_businessgrowth.htm
https://www.nseindia.com/products/content/equities/equities/historical_equity_businessgrowth.htm

igllall B syallsylysia Jolug meyg Jos igllall glon W aclod Lulgs

ULl J=sll

du)yAl) a.\;g.m :dfi\ il

) iy i ) Y]

ST gl aaly saxie o ol e 88 o lgman i clpiie dia)l Al iy e

@By caay ) DA (e Ciagd dua Baxae L) 5538 DA lajudiy jalshall lglun g5 Allg
e o g Ailaiall LA JS Ay ey paiilly LeSol o dadaiy clgiuls Ayl Ballal
bl 813 ol ey (Jll Gl Gl @ilily 8 We A3l Judlud) daxioudg ¢lgan)ls

sl DY) land & dbaally Luhall Jae Blonl) Clpdisal daasall UL 8 Liulys

EaaY) e g8 5515 et WY A uhall Jae 3ls—ud dalall <y 5all a3
b Glond dcap jlid) 8 Ladis Ally Glon) o2 sLa@V dalaiall dpulilly ualoa)

fot Clpdigall pda Jiah ccamall (ggiall die Jll

sl diluas g L Jgaihand daygd ) 53568 Hb5all padinn :BIST 100 d3e o
B b Uglniall ISA agd o e )l 2 cag 100 T ddgd) daill o
3 Jglall Aabial lgag s Ayl daill als Al @IS,a) Jass ) BIST Stars
Jaoii () L) BIST Gsaas (o alsliall Lisady (S5 85l Osale 100 s¢anl
100 e 81 sgand) (530 Jgloill Aalial) Lgag—o G5 ) daidll ()65 Al IS, )
b DL Bliay @lial) Hlénu) Galia (4S5 8 Osle 25 e Sl il
Lokl g L)
Aiagl) AL Bhs¥) B (o)) dgall dlias Hfi5all 138 ey :Nifty 50 jda o
50 Guenl gl sz Eus o(National Stock Exchange of India (NSE)) xigll
e 2017 i xgll Lika gl bl Bguall 8 dnjae 45,5 1885 laa) (10 4S5

danye Gl dlas) Jaal (0 %65 Jias e (gl cdis ) giasiy Lgagud Ugrns i

! Index and Data Department, BIST Stock Indices Ground Rules, Borsa istanbul, November 2016, p 06. URL:
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1 ndia Index Services and Products, NIFTY 50 Index Methodology, National Stock Exchange of India, India,
August 2017. P 11. URL: https://www.nseindia.com/content/indices/Method Nifty 50.pdf. Visited in
07/01/2018. At 21:43.
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Null Hypothesis: PRICE has a unit root
Exogenous: Constant
Lag Length: 1 (Automatic - based on SIC, maxlag=23)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 4.170952 1.0000
Test critical values: 1% level -3.434546
5% level -2.863280
10% level -2.567745
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: PRICE has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 1 (Automatic - based on SIC, maxlag=23)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 0.277777 0.9985
Test critical values: 1% level -3.964236
5% level -3.412839
10% level -3.128404
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: PRICE has a unit root
Exogenous: None
Lag Length: 1 (Automatic - based on SIC, maxlag=23)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 6.486605 1.0000
Test critical values: 1% level -2.566520
5% level -1.941037
10% level -1.616556

*MacKinnon (1996) one-sided p-values.
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Null Hypothesis: PRICE has a unit root
Exogenous: Constant
Lag Length: 4 (Automatic - based on SIC, maxlag=23)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.625799 0.4691
Test critical values: 1% level -3.434564
5% level -2.863288
10% level -2.567749
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: PRICE has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 4 (Automatic - based on SIC, maxlag=23)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.807807 0.7007
Test critical values: 1% level -3.964261
5% level -3.412851
10% level -3.128411
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: PRICE has a unit root
Exogenous: None
Lag Length: 4 (Automatic - based on SIC, maxlag=23)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 0.097992 0.7136
Test critical values: 1% level -2.566526
5% level -1.941038
10% level -1.616555

*MacKinnon (1996) one-sided p-values.
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W - B | 3 Anclyze - 5 -~ [ | ofh Breprocess ~ | B2 Design 12, e | P Tain + & - 0b |G Test | 97 Quey 0”7 - | &
| Activeetwork |
[V Show network image ¥ By
ID_|Architecture | # of Weights_[Fitness [Train Error |Validation Error_[Test Error |arc |Correlation [R-Squared _[Stop Reason |
2_7_ 1 1 |[2-1-1] 5 0,000433 131,522552 125,158539 2310,084473 -2051,951577  |0,996319 0,99218 All iterations done
2 [271] 29 0,000769 73,783676  69,319809  1300,495361  -2588,350852 0,9 0,9 d
3 [241] 17 0,000681 114,716026 106,660103 1468,371094 -2166,174077  0,997144 0,993875 All iterations done
4 [251] 21 0,000649 51,159336 49,043476 1540,274292 -2974,571493 0,999371 0,998639 Alliterations done
5 [221 9 0,000423 130,767578 125,60067 2363,30542 -2049,771715  |0,99635 0,992261 Alliterations done
6 |[2-3-1] 13 0,000437 130,047653 124,036568 2289,331543 -2047,353021  |0,996405 0,992325 All iterations done
Ne N
SELYS| |
Best network Parameter Value
4500 ol 2
Architecture [2-7-1]
4000 # of Weights 2
Fitness 0,000769
3500 Train Error 73,783676
Validation Error 69,319809
. 3000 Test Error 1300,495361
£ 2500 AIC -2588,35083
E] Correlation 0,998707
2 2000 R-Squared 0,99707%
£ StopResson _ Alleatons
Parameter [value 1500
Input activation FX Logistic 1000
Output name Column #1: next
Output error FX Sum-of-squares 500
Output activation FX  Logistic
0
250
lterations

Analysis | Preprocessing  Design [ Training | Testing | Query |
[21:55: Architecture search completed.
|Ready for training.
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W - B | 3 Analyze + 3 - [ | b Breprocess + | 37 Design [2 o2 +| P Trin - @+ W | §J Test 5| 97 Query o7 7 - | @
Training Graph
BR(E A (b pe
Dataset errors.
Validation set
# Best network
g
[
2
H
Ed
I
E
©
§
3 8%ES
&
E
5 8,37
fr 10
L |
Hetwon Staitis foameters _____________]
Ilﬂ Br W Real-tme % Training Vaidaton
[ o Error Distribution i Absolute error:] 33,508503 31,867322
Network error: 0,000015 0
Error i 0,000002
10 Tieraton; 3
5 | < T I TN R ST SUTUTTTTUTS AU |Training speed, iter/sec: 2,75
- Architecture:| [2-7-1]
0 : 0 : : : : J i Training agorithm: Levenberg-Marquardt
3,79552 26,494506 49,193493 71,892479 94,591465 117,290452 147,555767 177,821082 208,086397 238,351712 268,617027 298,882342 ining stop reason: No error i

Analysis | Preprocessing | Design Training [ Testing | Query |
[21:58: Network training completed.
|Ready for querying.
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N - H | D) Analyze + T - [ | b Preprocess + | 24 Design 2 a? | | Train ~ @ - W (i Test 5% | 9% Quey o - @

Doalooton ]|

Actualvs. Ouput | Scater Pt | Confusion Mati | Eor Dependence |

1 52 s Row unber S
7 14058 141097418 329748 2507285

[

VD |8 1403114408038 37,7368 |2,68717 Actual vs Output
WD 17 13863 1432654 458548 3,306519
WD |23 |1384,11432,202418 |48,192418 | 3,48186
WD |28 |1397,2 1438,260475 | 41,060475 |2,938769
VLD |35 13736 | 1426,582261 | 52,982261 |3,857183
WD 42 1371, | 1425,046603 | 53,246603 3881514
WD |47 |1373,4 | 1423,374863 | 49,974863  3,63877
WD (55 |1378,2 | 1435,602158 |57,402158 | 4,165009
WD (58 [1370,1 1422, 108379 |52,008379 |3,795955
VID |63 11384 |1426,764162 42,764162 |3,0898%
w0
WD
W
wo
w0
w0
w0
wo
W
WD

teligence - o

Row_|Target |Output [AE ARE A

73 |1382 |1428,401325 |46,401325 |3,357549
79 |1411,51443,11432 |31,61432  |2,239768
85 | 1458,6 | 1468,986063 | 10,386063 |0,712057
91 114564 |1466,338494 9,938494  |0,682401
97 14609 |1471,731578 | 10,831578 |0,741432
101 |1455,2 | 1469,261282 | 14,061282 |0,966278
106 |1434 |1457,730558 |23,730558 |1,654851
110 1429 |1456,323292 |27,323292 |1,912057
120 |1413,3 | 1447,862166 |34,562166 |2,445494
123 |1396,7 | 1440,782202 | 44,082202 |3,156168 | Vv

Mean:|3016,983544 3018,869224 31,867322 |0,015183 3
Std Dev:| 1707, 196321 |1699,554476 | 20,464665 0,013261 - - - + + + + + t t

Mn]13199 140310955 0,%61065 0,000085 100 20 0 0 50 60 70 ) 00 1000 1100 120
Max:|6506,7 6459,003441 112,678643 |0,063042 Data Row Number
— Tt o o
Correlation: 0,999764 arget utput Selected targel O Sekected oulput
Resquared: 0,999503 ‘ 2
nayss | g | Desgn [ Tring _ Testing [ query
[21:58: Network traning completed. R
[Readvforquuvinq. ’7\
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File View Data Network Query Options Help
V- B T Analyze - F - [ b Preprocess + | B Design [ @7 +| P Trin + 4

telligence - g

0| B Test 50| 97 Quey 97 - | @

1
[actvenetwork —————l[Architectre search [DesignReport
¥ Shonnetworkinage (1% » ®[)»B B
ID_[Architecture|  of Weights [Fitness  [TrainError |Validation Error [Test Ermor atc Correlation [R-Squared _[stop Reason ‘?um?k;dimusead\f:mdem
2-2-1] architecture selected for traini
2-5-1 TR s OOLITSS TLSEET | WSO GASTED | suere  0sowes gy Meatensdone | [ SeRecre el R
2 R ® 0016172 67,78%% 65745445 6183345 62,0782 0995296 0,9903% | Aliterations done || oyt prameters:
s ey v 0015303 68,614616 66,4975  65,348%5 2674715% 0995182 0990087  Aliterationsdone | | Column #1: next
4 [251] 2 0029064 30940989 3064257 34406403  -3469510812 0,998588 0997153 Alliterations don« mw= 5"‘}*"?";‘(’5
s en (5 0014602 62892399 60,912%91  68,485413 27%,492519 0995742 0991201  Alterations done ;mm,m"w"’“s:"”’
Search Method: Heuristic search
Ne N Fitness ariteria: Inverse Test error
Number of retrains: 1
Layer 1: from 1to 7, search accuracy 1
E# ufE] | sremrkariechres e
‘Manually selected networks [2-5-1] architecture had the best fitness
i s Parameter e | Verified architectures:
1 [2-1-1) fitness: 0,011763
[2-+1) [2-7-1] fitness: 0,016172
s [2-41] fitness: 0,015303

[2:51]fness: 0,003064
OO | (26.1) fitmess: 0,014602
71,93%7

70,205399
84,978462
-2651,098877
0,994463
0,988527
Aliterations dc

Parameter [Value

Input activation FX__Logistic
|Output name [Column #1: next

Output error FX Sum-of-squares
Qutput activation FX  Logistic

50 100 150 200 250 300 350 400 450 500
Rerations

Analyss | Preprocessing Design [ Traning | Testing | Query |
[22:19: Avchitecture search completed.
Ready for training.
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V- H | B Analyze - 5 - [0 | o Breprocess + | 2 Design [ ¢? v | D Tain - @+ W | 0 Tet 5| 97 Quey o7 7 - | @
| Training Graph
1] e |
Dataset errors.
E Training set
- i Validation set
70 - Best network
T
5 500 1~
o
2w
2
4 i
004-
100§
kil
H Network Errors
:
&
E ‘ {
5 886 u +
5 1 2 13 14
L] ol
[ etwork statistics [Parameters |
|t | b | @ eabame 2 Trainng Vaidaton
Error Distribution Absolute error:| _67,684795 65,134877
Network error: 0,00058 0
Error i 0,000013
Iteration: 14
(Training speed, iter/sec: 34,999999
Architecture:| [2-5-1]
0 ! ! ) : Training algorithm:| Levenberg-Marquardt
4472389  31,240678 58,008968 84,777257 111,545547 147,236599 182,927652 218,618705 254,309757 290,00081  316,7691 343,537389 Training stop reason: No error i

Analyss | Preprocessing | Design  Training [ Testing | Query |
[22: 22: Network training completed.
Ready for querying.
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V- B B anayze - 3+ [ Preprocess | 2 Design [ @2 +| P Trin vﬁv»lﬂu&ﬂ 9P Quey n” - @

WD 5 5734 SM98N9 13,576281 0,237207
VID 11 57628 |575397865 882135 |0,153074 Actualvs Output
VLD |19 15852,2 |5816,256607 |35,943393 0,614186 8400
WD 25 |S858 5824493666 33,5063 0,57197 -
WD 29 (5864 | 5826,995548 |37,004452 0,631045
VD 37 60982 |6078,77002 |19,429%8 |0,318618 8000
WD 41 (60918 |6044,478915 | 47,321085 0,768 7800
WD 49 (61771 |6121,834456 55,2654 0,894684 -
VLD |54 16200,4 |6123,530373 |76,869627 |1,239753
VD (S6 (6231 |6203,79744 27,2025 |0,436563 79
VD 65 (6164,1 |6111,321846 |52,778154 0,856218 7200
WD 71 60 [GOISEL 861D 0T s o
WD |78 (6268 |6211,232748 |s6,767252 0905668 || &
WD 83 63365 |6204,8119%6 | 41,6807 |0,65704| ||O 6800
WD (85 (63636 6304145102 64,456%8 1012073 || Be00
VD (95 [6%46,06 (6427,45%5 |18,60535 (0289631 || & ¢ o
VLD 103 |6366,95 |6341,080323 | 25,86%677 0,406312
WD 109 619382 (6212,7397 | 18,9197 |0,305%1 620
WD (110 |6121,96 |6131,874432 9,914432 0161949 6000
VLD 116 |6072,36 |6067,835413 |4,524587 |0,074511 550
WD 122 |5945,08 |5920,380315 | 24,699685 |0,415464 | v
| 5600
EE (| ..,
[rarget  [ouput [ |
/6458,971561 6475,572442 62,76%61 0,010185 L
,209129 874,596593 52,766234 |0,009397 5000
501039 5293618129 0,2027%65 0,000035 0 100 20 30 0 500 600 800 900 1000 1100 1200
Max[3430,73 80987559 |331,97451 0,059622 Dot o Nieber
T 0 [=Target — Output O Selected target_O Selected output |
Resquared: 0,991209 KiN| 2
Analyss | | Desn | Tranng _ Testing [ query
[22:22: Network training completed. |
Ready for querying. 0]
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Null Hypothesis: PRICE has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=22)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.058307 0.0301
Test critical values: 1% level -3.435581
5% level -2.863738
10% level -2.567990
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: PRICE has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=22)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -2.878352 0.1699
Test critical values: 1% level -3.965706
5% level -3.413558
10% level -3.128830
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: PRICE has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=22)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.530956 0.0004
Test critical values: 1% level -2.566889
5% level -1.941087
10% level -1.616522

*MacKinnon (1996) one-sided p-values.
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Null Hypothesis: PRICE has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=23)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -2.020241 0.2782
Test critical values: 1% level -3.434477
5% level -2.863250
10% level -2.567728
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: PRICE has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=23)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -2.704216 0.2350
Test critical values: 1% level -3.964137
5% level -3.412791
10% level -3.128375
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: PRICE has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=23)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.772633 0.0725
Test critical values: 1% level -2.566495
5% level -1.941033
10% level -1.616558

*MacKinnon (1996) one-sided p-values.
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N - B | 3 anatyze + 5+ [ | b Breprocess + | £ Design 2 02 | b Tain + 4 - 1y | G0 Test 5% | 97 Query

D [architecture [# of Weights [Finess [TrainError _ |Vaidation Error [TestError  [AIC |corelation [R-Squared _[Stop Reason " | Automatic archtectur search conplete
1 |21] 5 0,001086 659,96405  641,323242  920,769043  |-163,178868  [0,99364 0,986782 Al tteratons done [2'7‘“:$:=§"ﬁv:;‘:“‘df°'f’m
2 Ry » 0002195  317,226257 324418549 E 099846 0996891 Alliterations dom mdwd’(p,mm, s
B sy v 0,001668 332,111389 343910431  S99,695068  699,538241 0,9%8491 099697 Aliteratons done Price: next
[+ sy 0,001044 640957764  619,466858  957,92981 15502387 099454  0,988741 Aliterations done fx%m”ﬁffﬂ:&‘
s 20 9 0,002017 359,789276  |361,040222 495729004 650218996 0,997874 0995543 Al iteratons done s:a;wm“wms:“"‘
GRS ] 0,00104 644420668 622,724182 961277039 16662454 0994527 0988717 Al & ch Method: Heuri )
Fitness ariteria: Inverse Test error
Number of retrains: 1
Ll L) Layer 1: from 1 to 7, search accuracy 1
# E |6 network architectures verified
Best network | [2-7-1) architecture had the best fitness
™ Parameter Vake | Verified architectures:
2 | [2-11] fitness: 0,001086
71 | [2-7-1] fitmess: 0,002195
2, [2-4-1) fitness: 0,001663
oooaiss | 12571 fimess: 0001044
i || [2:2-1] finess: 0,002017
317,226257 | [2:3-1] fitness: 0,00104
2441859 |
5 455,518707 |
g 712,956055 |
4500 09%8% |
gww 061 |
3 Ao
Parameter Value
Input activation FX_Logistic
Output name [Price: next
Output error FX Sum-of-squares
Output activation FX _ Logitic
0
< >

Analysis | Preprocessing Design [ Tranng | Testing | Query |

[11:15: Architecture search completed.

Ready for trainina.
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¥ - B | 3 Analyze - 5 - [ | ofh Breprocess - | B Design [ e? - | b Tin « @ - 0 | G Test 5% | 97 Query o

- @

B®H A

* 14132 [0

Dataset errors

Absolute Error

— Training set
— Validation set
+ Best network

KT I}
E Network Errors =
£ Error improvement i
£ ! : b ! ooyl
14 ¥ il ' ' l
£ £oou a2 e s : L spse N,
5 6,667+t u u u y u T y u u u + u T y y T y y g y y u y
= 2 14 16 18 20 2 24 26 28 30 32 34 3% 38 40 9 4 446 48V S0 52 54 56 58 60 62
»

AE!

1

Training Validation

Error Distribution

270,574277 290,017213

0,000122 0

5,426-20

63

52,499998

[2-7-1]

Levenberg-Marquardt

0 . - - -
17,0057  152,334724 287,638877 422,943031 558,247184 693551338 828,855491 964,150645 1099,463799  1268,593991

No error improvement

Analysis | Preprocessing | Design Training [ Testing | Query |

[11:22: Network training completed.

[Ready for quervina.
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Scatter Plot | Confusion Matrix | Error Dependence |
E] X-axis:[Row number -
35 |33749,43 |33737,718662 | 11,711338 0,034

()

VID |41 |31273,3130723,0%617 |550,27383 | 1,7595¢ Actual vs Output
VID |44 [31845,7 |31525,753699 |319,946301 |1,0046
VID (52 |33118,44 |31963,248062 | 1155191938 |3,4880¢
VD 34775,67 | 33407,236865 | 1368,433135 |3,9350:
VD 33319,18 | 32534625731 | 784,554269 | 2,354t
ViD 33221,15 | 33618,681303 |397,531303 |1,1966:
VID 74 [32711,13 [32373,801859 |337,328141 |1,0312
VID |79 |31879,45 |31721,723214 | 157,726786 |0,4947¢
VD (85 |29814,17 298948702 80,7002 |0,2706
VID (93 |28074,94 |28282,514992 |207,574992 |0,7393
VD
viD
v
VD
VD
o
VD
VD
VD
<

glafg

101 129727,05 | 30023,811317 | 296,761317 |0,9982¢
107 28730,69 29049,768174 319,078174 1,105
110 128992,13 | 29088,892673 |96,762673  |0,3337!
120 127689,5 |27831,767248 |142,267248 |0,5137%
124 |27616,86 |27744,793617 | 127,933617 |0,4632
129 |27033,4 |26588,983929 |444,416071 | 1,6439!
133 |26709,17 | 26761,215438 |52,045438  |0,1948¢
143 125533,07 | 25472,831426 |60,238574  |0,2359.
150 |24054,09 | 24420,895777 | 366,805777 |1,5249. v

9225,822255 |1,072539 0 100 20 300 500 700 800 900 1000
38220,61094 |1476,796011 0,12011 Dol ol Bimbie
— Target — Outy O Selected tar O Selected out;
Comrelation: 0,938657 - 2 b Pt
R-squared: 0,997168 g L]
Analysis | Preprocessing | Design | Tr: Testing | Query
[11:44: Network training completed. |
Ready for querying. 00:00 [
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File View Data Network Query Options Help
W+ H | B Analyze - - [ | b Preprocess + | 2 Design [ e - P Tnin ~ &

9 Test ?’:??Qulvy @

[ Activetetwork |
: A AC]
D [Architectre |2 of Weights |Fitness [TrainError  [validation Error [Test Error [aic |correlation [R-Squared [stopReason |
2-7-1 1 1] 5 0,000213 1123694092 1064777588  491,121094 103318605  0,98%917 0,979352 Aliterations done
2 [271] 2 0,000623 848344055 815744751 1604,836426  -137,080304  0,994139 0,988273 Alliterations don:
3[4 7 0,000416 892,386292 85743951  2406,012939  -109,151562  0,993605 0,987205 Alterations done
425 21 0,000459 877,493652 846,387268 2180880859  -118,418459  0,993826 0,987642 Aliterations done
5 261 2% 0,000519 837020203 80479895  1927,178101  -158,867794  0,994262 0,988533 Aliterations done
Ne- N ‘
Best network Parameter Value
D 2
Architecture  [27-1]
# of Weights 2
Fitness 0,000623

Train Error 848,344055
Validation Error 815,744751
Test Error 1604,836426
AIC -137,080307
Correlation 0,994139
R-Squared 0,988273
Stop Reason Alliterations dc

Absolute error

Output error FX Sum-of-squares
Qutput activation FX  Logistic

250
Rerations

Analyss | Preprocessing Design [ Trainng | Testig | Query |
[18:01:01: Architecture search completed.
Ready for training.
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2017/2012 5580 NS A5 (§ guall divand) ASUEN cuyiil) (ailad 215 48, Galal

E e turkey 20 A2.xls - Alyuda Neurolntelligence 8 X
File View Data Network Query Options Help
V- B | D A+ B+ B | o Reproces - | 82 Design 12 o6 < | B Toin - @+ Wb BTt | 92 Query o7 <[ @
Training Graph
B »| @ [ne]he & | 7] i
Dataset errors Network training complete
Network architecture: [2-7-1]
Training algorithm: Levenberg-Marquardt
Best network Number of iterations: 10
Time passed: 00:00:00
5 Training stop reason: No error improvement
f} The best network was tracked and restored
2
KiM| i
: .
%
£
5 4TS
= 9 10
Ll Bl
Network Statitics [Porametes |
(IE| I B | Tobudr @ Realtme 2 Traing Valdation
Error Distribution Absolute error:|  1074,208982 1021,458318
i 0,000463 0
0,000045
L 10
5 25
[(52]
0 H : : : : Training algorithm Levenberg Marquardt
101,166426 883,736769 1676307113  2660,770042 3645232072  429,695901 5614158831  6508,62176 7386,192103 ini No error >

Anayss | | -Desion_Training [ Testig | query |
[13)3:25: Nemof-k training completed,

2017/2012 5iall DA A4Sl (§ gl dusanl) ASUEY HLA) r':..‘\t'u :16 ?BJ cdalall
2 Copie de turkey a Neurolntellige - 0

File View Data Network Query Options Help

V- H | 3 anae -

10 Preprocess ~ | B

Design [ e v | P Train ~

W HiTet | 9 Quey o7 7 - | @

[Row_[Target

10177,11
10 |108153,16
1510530394
24 10506,11
28 |106239,4%
114165,67
42 | 1084%6,78
45 10835483
51 106990,87
61 |103907,57
1012183
69 1040012
7 1084517
80 |109611,7%
86 10915391
108714,58
99 |1097%1,13
107206,16
105175,73
100084,37

5

-
S

HEEEEEEEEEEEEEEEEEES

107894,276125
106270,033886
104871,636675
104535,722489
109100,485313
108382,564021
106701,869142
106561,393635
104818,963296
103493,233562
104282,328411
107788,136111
107851,459096
108015959181
106830,4279

107829,808131
107182,03147%9
105901,264299
102569, 180877

258,883875
966,099886
154473325 (0,14
1653,737511 | 1,5
5065, 184687 4,43
8421597 0,07
1652,960858 | 1,52
429476365
911,3932% (0,87,
2274933562
81,1941 (0,20
663,563869
1760,330904
1137,950819 1,04
18841521 |1,73;
1951,321869 | 1,77
24,1852
725,534299
2434310877

Min:|62442,45
Max:|114165,67

Mean:(81354,517759 81489,468312 |1021,458318
Std Dev:| 10255,635296 |10208,303254 | 797,610935
64496,005522 |1,084524

109100,485313 | 5065, 184687

Correlation: 0,992076

0,016
0,0100
0,0000
0,0591

Visualisation

Actual vs. Output | Scatter Pot | Confuson Matrix | Error Dependence |

7 132 | xeas:{Row number v

Actual vs Output

Target / Output

500 800

600 00
Data Row Number

900 1000 1100

O Sekected target_O Selected output

R-squared: 0,983883
Analyss | Preprocessing | Design | Traing _Testing [ Query

[18:03:25: Network bainng conpleted. L X
Ready for querying. 00:00
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Null Hypothesis: PRICE has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=22)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.732883 0.4144
Test critical values: 1% level -3.435223
5% level -2.863580
10% level -2.567905
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: PRICE has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=22)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -2.285662 0.4410
Test critical values: 1% level -3.965198
5% level -3.413309
10% level -3.128683
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: PRICE has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=22)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 0.041199 0.6958
Test critical values: 1% level -2.566761
5% level -1.941070
10% level -1.616534

*MacKinnon (1996) one-sided p-values.
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Null Hypothesis: PRICE has a unit root
Exogenous: Constant
Lag Length: 1 (Automatic - based on SIC, maxlag=23)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -0.591743 0.8699
Test critical values: 1% level -3.434546
5% level -2.863280
10% level -2.567745
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: PRICE has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 1 (Automatic - based on SIC, maxlag=23)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -2.440163 0.3584
Test critical values: 1% level -3.964236
5% level -3.412839
10% level -3.128404
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: PRICE has a unit root
Exogenous: None
Lag Length: 1 (Automatic - based on SIC, maxlag=23)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 1.920112 0.9873
Test critical values: 1% level -2.566520
5% level -1.941037
10% level -1.616556

*MacKinnon (1996) one-sided p-values.
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el N davigl) (8 guall duuanl) ASEN ALl JISEN) | jany

:19 ?é‘) (M\

2 india 1995 2000 M2.ds - Alyuda Neurelntelligence

Fie View Dsta Netwotc Query Options Help
W - B D hndyze + G- [ | oy reprocess + | B# Design L2 oF +| B Tain « 0 -

2000/1995

| BE Test 55 | 97 Query

@

| I
B P
D [architecture |2 of Weights |Fitness [Train Error | Validation Errer [TestError Jarc |correlation |R-squared Stop Reason Automatic
2-2-1 1 (1] s 0,03518 23292461  |24,30793 28,42547 -3162,83238  0,987275 0,972432 Al iterations done Edéeﬂé"
2 [271] 2 16,210894  20,664061 -3482,787593 0,994802 0,989194 All iterations doni Output pz
3 24 7 0,035302 221976 23,0130 28,327406 -3190,095685  0,389654 0,97793% Aliterations done Column =
Ne N 4 251 iz 0,034394 20905 (29WE  2B,576624 -3179,197266 0,989691 0,978815. Al terations done :"g’ﬁhf
5 21 ] 0,035245 23,095033 24002272 28,37319 -3162,280312  [0,968738 0,976673 Al iterations done SE;;‘ED:
s (23] 3 10,047383 1487757 15863255 21,1047% -353,075538  0,884813 0,983601 Aliterations done Search
Fifness ¢
hmber
Layer 1
B ‘ & netnork
Bestnetwork Parameter value g
Verified ar
= i i i i i i i i 1= 2 -1 f
1 T r i . i r i £ 1| ||architecture [27-1] 71f
15 ; : 1 i : : 1 j 1 |zofweigns 2 Etl,
12 s 1 1 3 : : : E e
140 ; ; ; ; ; ; ; ; i |[rrain Eror 15,296277 [23-1f
130 i v 7 i i v 7 T i| ||validation Error  16,210894
o ! i 7 : ! i : ] 1 |resterer 20,664061
1l ! i i i I i ! ! 1 |l -3482,787528
2 100 : ! ! ; : ! ! t 1 [|correlation 0,334802
:e ; i : ; ; i : i | |[RSauared 0589184
E ;2 : ; ; : ; ; ; ; | |/stop Reason Alliterations dc
rm—" ; S SRR A O SO SO S SO
Input activation FX__ Logistic 0 ! ! ; . ! ! . : !
Output name. Column #1: next o« | i i i i i i : i
Output error FX Sum-of-squares n DI e S i | i i i H i
Ouiput activation FX _ Logistic 1 : : ; : - - ___‘_—
2 : - : : : : : : - :
0 50 100 150 00 0 300 350 20 450 500
Berations <Hl>
Analysis | Preprocessing  Design | Training | Testing | Query
[10:36:47: Architecture search completed. =
|Ready for training. 00:00:11 |

2000/1995 354l NS dunigh (8 gl dpsanl) ASEN il (ailad 120 28, (3alal)

2 india 1995 2000 M2ds - Alyuda Neurclntelligence

File View Data Metwork Query Options Help

v-H T Analyze - T - [@ ‘lﬁErepvocess - | &~ Design 12 e = P Train ~ @2 - B | B Test #* | 9 Query

- @

Dataset errors.

—Traning set

— Validation set
4 Best network

Anzalte Errar

2

Network Errors

rror mprovementJ

H
&

rror Improvemert| | =

15

ST I—

Il:

@M [ Habular | ¥ Realtme | raining
Error Distribution Absolute error: 22,731081
Netwark errar; 0,000882 0
i H : ; : ' : Errar 0,000022
: : : : : : : Tteration:] 21
7 r ; ¢ b i j [Training speed, terfsecs 34,509959
v t d ¥ i ¥ Architecture: [2-7-1]
- : : Training algorithm; Levenberg Marquardt
140413 9736280 15,068448 25400607 34732766 43064926 51307085 59,720244 68061403 76,393562 B4,725721 03,08788  101,39004 109,722199 | Training stop reason:) No error
Analysis | Preprocessing I Design 'lra'mingl Testing I Queryl
[10:39:3%: Network training completed.
|Readyforquevymg. 00:00:00 |
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2000/1995 554l NS daigh (3 pul! dpuaal) ASAN LGS il

2 india 1995 2000 M2xds - Alyuda Neuralntelligence
File View Deta Detwork Query Options Help

W v B 5 anete « 5 v [ ol Preprocess | |

[ Design [2 o7 +

P Train - @ - W Bl Test | 9P Quey u - |

:21 VAEJ (M‘

ne Ut | Scatter Plot | Confusion Matrix | Error Dependence |
[Row [Terget [output lwe wesfRonrurber 7]
VD 3 953,07 964191065 11,121065 1,166858
VD 12 |85442 |905,869637 |42,43%37 |4,910187 Actualvs Qutput
WD 14 87011 (392633345 21,523345 |2,470755 1750 f ; ] ; ] : ] : i
WD 22 878,93 |301,267303 |22,337303 |2,54142 17004 ! : : ! X
WD 31 883,72 |310,141597 26,421597 |2,989815 thsl ; ; ; I (\
VD 3¢ 900,65 |920,51462 | 19,864662 |2,20550 | : : : : : ' : : Al
VD 43 38473 (314230879 25,50087 3,345 | : ' ] ' i
WD |47 (873,27 893,882272 |26,612272 |3,047428 bEES | H ' ' : ' ' : ' T
VD 50 868,52 |903,889519 |35,369519 |4,07233 1500 % + 1 - + M M!
WD (56 313,69 (834653191 85963191 |8,057163 1350 | i i ; ; :
VID 63 943,08 (331417207 | 11,662793 |1,236671 1t ! ! ; d ; ! ; A
WD 73 | 1021,38 | 101365584 |7,72416  |0,756247 — | : : : ! : )\ﬂ \/ M&f'
WD 79 [1027,33 |1017,430204 |9,9507%6  |0,968551 £ | ! ! LN Il
WD (84 |998,45 (995493434 |2,9%56 |0,296116 g1 | | : : ! : i T
VID (90 |981,87 |985,625315 |3,755315 |0,382466 Bl ; ; ; / ;
WD (95 |957,14 |956,554041 |0,585959 |0,06122 Ellﬂﬂ 1 : ‘u +
VID 100 (9948 |380,951535 |13,343465 |1,392085 1150 ] ; : &V
WD 105 |1029,07|1021,38313% | 7,686861 |0,746872 110 A i : i :
WD 112 |1121,68 |1085,357299 | 36,322701 |3,236241 | \ ) r | \ | [y y’ |
%2380 : 222 1050 i/ > : : :
WD 118 | 1123,63 |1113,21568 |10,41431 |0,926845 ¥ | I8 1T 3 ' PR !
< s L A T T P L :
EaA i \};“y(\ } bi 3
900 : : f ; :
s} 7 \\j‘\/—f : :
Mean:| 1088, 145512 1093,214541 23,191778 0,0217 i ' : : ! ' ;
StdDev:|198,730573 | 193339063 18,743317 0,018035 o0 . - - - - - - - - -
Vi 788, 15 874317758 0075118 |0,000075 0 100 200 300 0 500 500 700 800 00 1000
Max]17535  1653,0263% 100,211205 0,109323 L Row Member
— Oulput 5 Selecled targel o Selected output
Correlation: 0,9830%5
R-squared: 0,97636 | |
analysis | Preprocesding | Desn | Tranng  Testing | query
[10:39:34: Network fraining completed. |
|Ready for querying. [oo00:0n |

2017/2012 554 14 Lurigh (3 gl Fusaal) AN Ao} NS yans 122 B, 3alal

File View Data Network Query Options Help
V- H | D analyze - 3+ [ | o Preprocess + | B Design 12 2 v P Trin » 0 -

0 Test 5 | 9” Query

@

[V Show network image: LRI B ] ] i
ID_ | Architectur]# of Weights [Fitness _[TrainError _Validation Error [TestError _[AIC [correlation [R-Squared [Stop Reason | | Automatic archtecture search complete:
2-5-1 T e s 0001106 12588352 131639725 90424812 200625817 0,092237 0,940 Allteratons done lz'z’llgtm:ﬁm’“f’m
3 4y w7 0002005 S2,969006 55171494 |498,798535 247427155 099435 0996869  Aliteratonscone |yt porameters: i
4 [251] 2 0,00206 53672695 60323002 4854841 -2926,084542 0,998351 099668 Alliterations done  Column #1: next
5 6] 25 0001695 55,22%632 6092802  590,000732 283578497  0,998138 0,9%262 Aliterations done 5’;}' ’;ﬂ“’w ﬂ"{‘ff’jqfts
,2 -7 2 0,001673 62,513191 62,863438 597,567688  -2755,93411 0,997834  0,995573 | Alliterations done Seaf;\apumtevs:. A%
Search Method: Heuristic search
N N Fitness ariteria: Inverse Test error
Number of retrains: 1
T Hidden units range:
= a4 Layer 1: from 1 to 7, search accuracy 1
E 3 5] S netiork arcitectures verfied
Manually selected networks [2-5-1] architecture had the best fitness
’ s Forameter Lot Verified architectures:
1200 1 [2-1-1] fitness: 0,001106
(214 [2-7-1) finess: 0,001673
1100 5 [2-4-1] fitness: 0,002005
[2-5-1) fitness: 0,00206
1000 0006 | [5.6.1]fitness: 0,001695
125,883522
o 131639725
- 80 904,24812
£ » -2096,254883
@ 0992237
§ 600 0,984408
L™ Alteratons &«
Parameter |Value
Input actvaton PX__ Logstic o
Output name |Column #1: next 300
|Output error FX Sum-of-squares
|ouput actvatonPX_ Logstc e
100

250
Rerations

300

2]

Analysis |

Design | Trainng | Testing | Query |

[00:56: 11: Architecture search completed.

Ready for training.

276



2017/2012 5580 S davigh (3 pull dnanl) <AL cupall) (aflad :23 28 Galal)

urolntell

B india
File View Data Network Query Options Help

V- B |3 Analyze + ) - B | o Preprocess - | B Design [ @ +| P Taain ~ @ - W | G Test ° | 9P Query o7 7 -

9

@

B e e e uER e ‘

Dataset errors

Validation set
#_Best network

Absolute Error

.EBE8883858E8

"E

i S
g 36
g 37
£
& 318
I 2 30
KIN| ol
Wetwork Statistics [Porameters |
Training Validation
Absolute error:| 52,082785 5§7,874928
Network error;|  0,000144 0
Error i 4,58E-08
Iteration: 177
(Training speed, iter/sec| 55,312491
i 251
0 - , . ; 0 - : U Training algorithm:| Levenberg-Marquardt
5816706 40,398464 74,980222 109,56198 144,143739 190,25275 224,834508 270,943519 317,05253 351,634288 397,743299 443,85231 Training stop reason:; No error i

Analyss | Preprocessing | Design  Training [ Testng | Query |
[00:59:50: Network training completed.
|Readv for auervina.

2017/2012 5580 JNS daxigh (3 gull dnanl) A LA 7l 124 28 3alal)

File View Data Network Query Options Help
V- H | D anolyze - 3 - 0 | g reprocess - | 22 Design 12 07 +| P Toin - @ - W | G Test 5| 97 Quey o7 - | @

9 |4831,25 |4939,814138 | 108564138 |2,247123 Actualvs Output
16 |5046,25 |5065,944093 |19,694093 0,390272
2 |5235,7 |5191,689296 44,010704 0,840589
30 |5390,2 |5370,121853 20078147 |0,372494
34 |5564,3 |5515,110469 '49,189531 |0,88402

39 |5281,2 |5418,753806 | 137,553806 | 2,604594
45 | 5280,35 5347,551139 |67,201139 |1,272664
50 |5429,5 |5347,4901 82,0099 1,51045

56 |5364,95 |5264,221603 | 100,728397 | 1,877527
5306,05386 |52,49614 0978747
68 |5243,6 15227,69846 |15,90154 0,303256
775206 |5280,46042 |79,86042 | 1,5356

85 |5086,85 |5185,02381 |98,17381 |1,929953
86 |5114,155099,34377 |14.80623 |0,289515
94 |4870,2 |4940,482817 | 70,282817 | 1,44312
100 |4920,4 |4974,583549 |54,183549 | 1,101202
109 5049,65 |5024,87345 |24,77655  0,490659
115 | 5139,05 5073,029461 |66,020539 |1,284684
116 | 5064,25 5138,796102 | 74,546102 |1,472007
123 |5141,9 |5124,960714 |16,939286 |0,329436 | v

HEEEEEEEEEEEEEEE S

Mean: 7094, 132911 |7083,683115 '57,858773 0,008282
Std Dev:{1246, 168035 1226,627161 47,625504 0,006777 ||| 4800 - - - - - - - . - - . -
Mn{4831,25  4830,445252 0,176942 0,000029 100 20 300 40 500 600 70 800 %00 1000 1100 1200

Max[892265 8923608442 242,260102 0,038368 Bits Rove iy

Té o o

Correlation: 0,998324 arget Qutput Selected target © Selected output
R-squared: 0,996268 < L]
Analysi | ing | Design | Traing_ Testing [ Query
[00:59:50: Network training completed. ]
Ready for querying.
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