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. Fuzzy expert systems duaall 3 juil) dakiiyi

Time series Forecasting Using Fuzzy nearest neighbour Method (FNNM)
Abstract

This paper applying Fuzzy Nearest Neighbor method (FNNM) for time series forecasting using a
model of "'Abbasov-Mamedova' type that works with fuzzy time series on the monthly data for
natural gas price in United States from 1993 to 2014 we Obtain five periods forecasting values, the
results were also compared with the results of time domain analysis method Using the ARIMA
models as well as frequency domain analysis using the Fourier series model. The comparison showed
the advantages of faster and highly automated model synthesis as well as improved prediction and
forecasting accuracies for fuzzy nearest Neighbor method and The overall performance statistics
shows that the proposed model is capable to produce good results indicating that The method is
promising and encouraging for time series forecasting .

KEY WORDS: approximate reasoning, fuzzy logic, fuzzy time series, Fuzzy expert systems
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U= [Vmin - Dl' Vmax - DZ] (10)

RS GAN AR Y, g Yl gAY, O Cua

4 gludia &l i dape () Ae ganall 4 ally Uia g 4y gluia il yib daday () ALaL&Y) Ae ganeall apuddi aly: 4illl) 3 ghadl)

<l Adl) Al midpointeiaiial) bl sl (e AN 5 Uy, Uy, U3, Uy, Us, Ug, Uy,

a sl iia Jl&u‘i\‘g\f.\umg.‘.‘n AAY ey U&W\kw\é&wh&bw\&éﬁdﬁﬂ;mlﬂ\ﬁjhﬁ\
4l 45 4 484 linguistic variabl

((bugia sgiway gad) Ay o 852929 p8) Ag ¢ (S s simay gad) A, o 12> B s siay 5ad) A
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S A4,4,, ..., 4, duaal) Cle ganal) Ciy el ALY Asval) pddiudic yaiial) Jagd i)

1

pa,(u;) = THC W (11)

i Ay yhay o JLAA oy il (e Buke Cg i 8580 Cluatiial) Ak Jidi gyt 9 ¢ claal) paa B (G dad Jid U G
. [,lAi(u,-) S [0, 1]3 u; € U & Ai = (ﬂAi(ui)/ui)J 3‘.‘!‘*.4‘(;1‘ u\)” ;‘:‘m‘ dﬂ#:\-}""g

(A9 B ) Jail g3 Lgabeua a% AN B g AN ol (ya B ghadd) 038 ¢ oS 1Ayl ) 3 ghadl)

awdl Al g(1<w<]) Conwahdie yoy s gbasies cubal) JLEA) (e 1Y 5 ghdll sda 8: dualdl) § ghadl)
RY (t) 4saal fuzzy relationship matrix 48l 4 shuas; cams Lo s s (ulea)) 130 o Ialiiade ) ggudall (ASY)

JaL W Jasmgi X j 4aoM (e operation matrix Asled) 48 ghuae £l Al LaS o gl Sagy addied g Al g
(oA &) 8 axe aa Gl Al BaesY) 238 f 9 1-2,1-3,..., -WUs g (BUATE A g G ghuall ae Jiay j Lag) OV (t)

dali aa g s (e A ghiaa ¢ ke Ixj daual e K(t) 3l W e criteria matrixbaal) 48 ghuaa sl Lay oy
6X7 Aau (e 07 (&) dsberd) A ghuan Ciy 28 (Say W=7 Gabead) LRI IY U Japau o | t-1 gl dpadlly quadaal) (380
Ll e K(T) sl 4 ghian Gy 2 (S WS (122, £-3, -4, -5, 1-6, 1-7) Lsged) Clagaal Lpiaall cild g i) ¢ s Al
Oa ) Apalall Adlall) jogdd) clily aladid oy W=7 oubedl Al 13gd g ¢(t-1 gl Ansiaall (3544l 48 ghiaa) 1x7
Lnall B Las R(t) A8all 48 ghuna cilua oy 9 ((1-7) AL LAY Sl L B3

R(®)(ij; = 0% (O)[3;;NK(T ) (1,5 (12)

s A By ga g

R@®) =0" () ®K(r) =] ... (13)

min(N). e ge 3 ke @ 5 Anaall cile saxall A siasK(T) 5 Operation matrix dslead) 43 sias OV (t) Cua
A Bppinal) Aipeal) o el () ) A iy o 303 Lahg



( MECS))ausostlls dxadel il ¥ oiel) @dyal ) Gounio 2lalit)) 35 ASIY AUl f

P18 ( LN O3ilS) gsalil] osall

www.mecsj.com'-.a r

F(t) = [Max(Rq1, Rzy, ..., Ri1)Max(Ryz, Rz, ... , Riz) .. Max(Ryj, Ryj, ... ,Ryj)] (17)
1<u<61<1b< 780 A
404 formula 4aemall aladiuly dualid) 3 ghadl) U defuzzify cusad &b o 3 ghil) sda A . duualid) 5 ghadl)

Yk,
VO =55 ket 14

umSww\m}@uhjtw@y&!uiﬁﬁwiw\Mt(ui)&:A
{[5]} (Anhaih uilal) 4 -1

Cidd) 4 gl il A 9 Sy ) Baniall L ol B adal) SNl cilily Ao gadaill 43 )l 03a e AU ¢ 5ol A aS
L 0 fuzzy.ts2 Ay Gadai Gaoh o Lale Jgandl o ) Jlad) ARy b (s ilily (1993-2014) (e 85l 3

i dua pjed Audu zigaig ARIMA gisal Lo Jgaall R el alidiad Lyl a3 B9 | R gl 4wl 32 [6] AnalizeTsS.
kel Al el 4 jgedd) clibd) al i

Al pey Sy i) (g8 do Jgand) Ja) (e Lgd dnali £ ol ALy gl £) o) ey duia 3 Abedid) (V) JSA) A jedas
wa@@gwiﬂbjmﬂ

(1) Jsadl B yeda Las ¢ g8l o J guaall 43al & ll) ALy gail) o) jal ol e 31 Addid) ¢y S ade ABaadla ay

dan) gy Galyl) e cpe)dalal) clibal) o 4l 2 olll AL gail) ¢ jal 3y L -GASPRICE 4eia ! Abededll ani y(V) JS&

.
(GRETL gelix
=
z.s |- M ]
IV |
|
| I', \
= |- [\ \ YA Y LR | *
i I | mnos ]
b= A", [AYAY) | A |
= ) N ) ) )
= | ( | I f
= 1.5 |- -
=2 \ W L Y e |
= |I If- Y | ad
AY
1 /A N (. \ .
A [ 1 | ! | [} A
il N \ A o
Vi | \J e f v |
N (")
o.s = M —
o L L L L
1995 2000 2005 2010

e Jpaall dlig ARIMA (1,0,1) gisal Gukiai time domaincs Jae b a3l Adadad) Jlasi 48y o aladialyg
SJJ"A‘u'b J.ﬁ.d\ G:\J.A.'l.“ Q\SJ%Q‘J&MJ&\ Jl.a.uiecﬂ\fg.ﬁ

X, = 4.2793 + 0.9026X,_, — 0.0906 €,_, (15)

L Jad) ey @i o Jamandl Ja e i g Frequncy domainas il e 8 dsia 31 Aladud) Judad gadal Lia) ol LS
Gpal) o Al o 4Rulat o3 31 ;5 Abdes Jlal ol g gall) Syl b

logX,; = 3.3718 + 0.0073¢t + 0.094coswt — 0.059sinwt (16)
Abbasov-Manedova model of 7 fuzzy set with w=7 and c=0 3_sa A& <8 Jladl 48, jh 7 sa olS
(1993-2014) 5l & saaial) il ol & adal) ) el cilibad dia 311 i) clibd Julal) il e £ 30 b Lagdg

£.55 (a gigal Al 4l 3} g galll (f gl (ha gradaly LaS g cpadaal) o BY) o) Ak sk aladiud
AR
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Abbasov-Manedova
type
[1] "*Abbasov-Manedova model**

Llad) agaal) up g low Jialy dsmdaall cile ganall and set Jiad i Baas) day ) (e (rSall g M) (tablel) Joi i Cua
AlAAaly Caldl e () | dpuiae Ao gana JS! A ilimidpoint cheaiiall dad o mid s LeS dpdaal) cle ganall Liall 5
(R &b

tablel
set dow up mid

1 ul-2.1323639 -1.5380051 -1.83518450
2 u2-1.5380051 -0.9436462 -1.24082562
3 u3-0.9436462 -0.3492873 -0.64646673
4 u4 -0.3492873 0.2450716 -0.05210785
5 u5 0.2450716 0.8394305 0.54225104
6 u6 0.8394305 1.4337894 1.13660992

7 u7 1.4337894 2.0281482 1.73096881

Al Sats (G 2 ganl) g BaLEal (a ) A poiNt Baes) A G 0 eShy oA Audad) cilaalin oo 3 ke (table2) Joss
(R zebin pladiuly Eald) e ¢pa) bat) Abeadiad) (o 3 AN (3940 Adas Siay diff.ts 2 gandl g Al

table2

point ts diffits
1 1993 Nov 3.8712010 NA
2 1993 Dec 3.5553481 -0.315852949
3 1994 Jan 3.9512437 0.395895657
4 1994 Feb 4.1271344 0.175890666
5 1994 Mar 3.5263605 -0.600773860
6 1994 Apr 3.4965076 -0.029852963

7 1994 May 2.8903718 -0.606135804

'Y
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8

9

10
11
12
13
14
15

16

1994 Jun 3.0910425 0.200670695

1994 Jul 2.9444390 -0.146603474

1994 Aug 1.9459101 -0.998528830
1994 Sep 0.6931472 -1.252762968
1994 Oct 1.6094379 0.916290732
1994 Nov 1.3862944 -0.223143551
1994 Dec 2.3978953 1.011600912
1995 Jan 1.0986123 -1.299282984
1995 Feb 1.9459101 0.847297860

(R @b pladialy Cald) dae) (a) bl Aludeadl dpudaal) 39, Jias (table3) dsa

table3

[1] NA

[2] "*A[1993 Dec]={(1/ul),(1/u2),(1/u3),(1/ud),(1/u5),(1/u6),(L/u7)}"

[3] "A[1994 Jan]={(L/ul),(L/u2),(L/u3),(L/u4),(L/u5),(L/u6),(L/uT7)}"

[4] "A[1994 Feb]={(1/ul),(1/u2),(1/u3),(1/ud),(1/u5),(1/u6),(L/u7)}"

[5] "A[1994 Mar]={(1/ul),(1/u2),(1/u3),(1/ud),(1/u5),(1/u6),(1/u7)}"

[6] ""A[1994 Apr]={(1/ul),(1/u2),(1/u3),(1/u4),(1/u5),(1/u6),(1/u7)}"

[7] “A[1994 May]={(1/u),(1/u2),(1/u3),(1/u4),(L/u5),(1/u6),(L/u7)}"

[8] "A[1994 Jun]={(1/ul),(1/u2),(1/u3),(1/ud),(1/u5),(1/u6),(L/u7)}"

[9] ""A[1994 Jul]={(1/ul),(1/u2),(1/u3),(1/ud),(1/u5),(1/u6),(1/u7)}"

[10] “A[1994 Aug]={(1/ul),(1/u2),(1/u3),(1/ud),(1/u5),(1/u6),(L/u7)}"

[11] ""A[1994 Sep]={(1/ul),(1/u2),(1/u3),(1/u4),(1/u5),(1/u6),(1/u7)}"

[12] *A[1994 Oct]={(1/ul),(1/u2),(1/u3),(1/ud),(1/u5),(1/u6),(1/u7)}"

£ il & w inter-polate s 8N) ¢ Jiai point aes) A6 e ¢y oS g Adadad) ¢ jiial g4 AU (tabled) Jdssa

(R 7l pladiiady Ealyd) dlae) ga) | Adudad) ¢ j8iu) 3 gae G i gaunall Aded) 398 e 3 ke diff-interpolate.s Adelad)

table4

VY
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point interpolate diff.interpolate
1 1994 Jul 3.03893461 -0.05210785
2 1994 Aug 2.89233113 -0.05210785
3 1994 Sep 1.89380230 -0.05210785
4 1994 Oct 0.64103933  -0.05210785
5 1994 Nov 1.55733006 -0.05210785
6 1994 Dec 1.33418651  -0.05210785
7 1995 Jan 2.34578742  -0.05210785
8 1995 Feb 1.04650444  -0.05210785
9 1995 Mar 1.89380230 -0.05210785
10 1995 Apr 1.55733006  -0.05210785
11 1995 May 2.14511673  -0.05210785
12 1995 Jun 2.25047725 -0.05210785

O Wle Juaniall (3944l g4 diff.forecasts sl ¢ Jiaig point daes) A6 e ¢y oS g i) el Jiay (table5) Jo>
p
(R gl pladiuly dal) 128 (pe) ail) Aluades

table5

point forecast diff.forecast
12014 Mar 4.984845 -0.05210785
2 2014 Apr 4.932737 -0.05210785
32014 May 4.880629 -0.05210785
4 2014 Jun 4.828521 -0.05210785
52014 Jul 4.776413 -0.05210785

(R ol aladiuady Caalall 213 (1) L Laial) Ll 31 Adeabeall (59 81 Gusandal (6) g

table6
[1] "A[2014 Mar]={(1/ul),(1/u2),(1/u3),(1/u4),(1/u5),(1/u6),(1/u7)}"
[2] "A[2014 Apr]={(1/ul),(1/u2),(1/u3),(1/ud),(1/u5),(1/u6),(L/u7)}"

[3] "A[2014 May]={(1/ul),(L/u2),(L/u3),(L/u4),(L/u5),(1/u6),(L/u7)}"
V¢
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[4] ""A[2014 Jun]={(1/ul),(1/u2),(1/u3),(1/u4),(1/u5),(1/u6),(1/u7)}"
[5] "*A[2014 Jul]={(1/ul),(1/u2),(1/u3),(1/u4),(1/u5),(1/u6),(1/u7)}"
£ AY) Ao g3 Lalaua a3 A 7 3 galll 3oUS Gunlla Jidi Al g accuracy 4341 aad gl Ailgs A ) il g
(R galiy aladiuly Calal) dlae) (ha)
accuracy
ME MAE MPE MAPE MSE RMSE U

[1,] 0.06 0.248 -Inf Inf 0.202 0.449 1.008949

Ll clibnll e dpal & sl Ay il £1 ) 3 L -GASPRICE 4ia 3l Aledidll any (1) JSi&

f I f 1

|_GASPRICE
"

- I f - \ ",
.5 H N'I III If‘l \ Y \III ||'..' Yoy A

1 1 L
1995 2000 2005 2010

(R el s pladiedy Eald) as) ()

Abbasov-Mamedova g s ¢s g sl ddal gy Alealaadl agdal) S e ULl gy Liial) g A3ladl) 0 ) i gy [2] IS4

Actual series vs forecated series by Abbasov-Mamedowva model of 7 fuzzy set
writh w = 7 and C =0

data

1995 2000 2005 2010 2015

point

Vo
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Rzl aladialy Galyl) alas) ¢

conclusion <lua ¢ill g miliil) 5-1

Ce bke sa g pisalll o Jgmaadl i dndaall a3 Judlad) Julal e Abbasov-Mamedova 4sagia gkl
Llle 3pUS A8, ) ¢ yg i) 3B agdal) Slad) Clasa cilibnd Cl yib 5 i gaii o J gaaad) ol Lediudd JNA G Al Agudaal) 30 gl
ALl (S ABA e g g o) AUV )d et s 23 53 Jlaa By a3 Sl (B Auia 3 Juadhaad) Jola ) phay 4 e
(o) ABld) sl (okally A e 3 gadl) sl (o Aallal) Lgie sy Jlial quadaall B Jlad) 485k o) (A1 1A el
Laa Juliwal) (8l i (oY cilgaii o Jguandl A Gaadati a5 ha g Aot 3 Aledid) 8 Bajan dagd JLAaly 73 gl o ghati A g
Al 3l Jadlally i) Jlaa (b Soins daandiag Baelg A8kl o) e Jy

231 Qe s (a3l Jlaa (o sha 45 e G BY) Jlad) 48y hal 0] laal Gadla (1) Js2a

FERIN RMSE MAE MASE

23l Jlaa 48y )k 0.7652809 0.5989277 0.8774864

Gadl Jlaa 43y 5k 0.4293453 0.2432592 0.9996888

Qo all 4d 0.449 0.248 -
uaall

Bibliography 4w &

1/ Burtschy .B,Albeanu.G,Popentiu.FI —Time series forecasting in software
reliability by fuzzy nearest 16eighbor method-Available at
anale-mi.spiruharet.ro/upload/full_2009_s a3.pdf

2/ Debasish Sena* and Naresh Kumar Nagwani- A time-series forecasting-ased prediction model to
estimate groundwater levels in India available at
http://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jr
nl=00113891&AN=118356587&h=d43Am4S4UrdeY %2BNgD3kZsVsqDclHfdagqlJ3b%2BydQhk%2
BVCW(qS71en%2Bnc%2BGFHLtDa0cxr%2FkZPnreuCWO30nH0ZeQ%3D%3D&crl=c

3/A.M. ABBASOV, M.H. MAMEDOVA, (2003 )- Application of fuzzy time series to population

forecasting

avaliable at:

http://papers.cumincad.org/data/works/att/50b1.content.pdf

4-Flores, Juan J., José Ortiz, José R.Cedefi. Gonzalez, Carlos Lara, and Rodrigo Lopez Farias. 2016.
“FNN a Fuzzy Version of the Nearest Neighbor Time Series Forecasting Technique.” 2015 IEEE
International Autumn Meeting on Power, Electronics and Computing, ROPEC 2015.

1



( MECS))ausostlls dxadel il ¥ oiel) @dyal ) Gounio 2lalit)) 35 ASIY AUl f

P13 (LN G3305°) paali ssall
WWW.mecsj.com\ar

avaliable at
http://ieeexplore.ieee.org/iel7/7389728/7395064/07395125.pdf
5/ Tran Thi Ngoc Han, Doan Hai Nghi, Mai Thi Hong Diem, Nguyen Thi Diem My, Hong Viet Minh,

Vo Van Tai, Pham Minh Truc(Package ‘AnalyzeTS’) November 24, 2016 available at

https://cran.r-project.org/web/packages/AnalyzeTS/AnalyzeTS.pdf

6/ Min-Yuan Cheng, Nhat-Duc Hoang " Groutability Estimation of Grouting Processes with

Microfine Cements Using an Evolutionary Instance-Based Learning Approach™ available at

https://ascelibrary.org/doi/full/10.1061/%28 ASCE%29CP.1943-5487.0000370

7- Okan Duru,shigeru yoshida ""comparative analysis of statistical and fuzzy integrater time series
and judgmental forecasting :an empirical study of forecasting dry bulk shipping index **-avaliable at
http://lwww.ymf.or.jp/wp-content/uploads/58_4.pdf

8- Siler, W; Buckley, J. J., Fuzzy expert systems and fuzzy reasoning, John Wiley & Sons, Inc., ISBN 0-471-
38859-9,2005.

9- Kantrowitz, M., Horstkotte, E., Joslyn, J.,"FAQ: Fuzzy Logic and Fuzzy Expert Systems 1/1",
http://www.fags.org/fags/fuzzy-logic/partl, March 1997

R4


https://ascelibrary.org/doi/full/10.1061/%28ASCE%29CP.1943-5487.0000370
https://ascelibrary.org/doi/full/10.1061/%28ASCE%29CP.1943-5487.0000370
http://www.ymf.or.jp/wp-content/uploads/58_4.pdf
http://www.faqs.org/faqs/fuzzy-logic/part1

