4

04 (g0 ylachi canada Jluw
YoO-YYA iladis AYAF Guly ) aalg oMedl ulyl sl&iisla
sl i SLdS oudi g 53- sale soliluad

‘aal,'fp;c P
L5 Mo Lo 3500
rd)‘“*@ 8

PTI0 (Plas 5l diljg ) Flo) GG s S 39 Egao igh Sy 3 B 2 dmilio
B Lt 50 @19 DIRT dw ol i3 9

WALV sy R WWAE/ ¥ 0 d il s 5

e AS>

. e

Sy Sratebp 5 Copde sshied @S godd o Sedbl ulul 5 (S5 e e S ann s
A sladle s ol O cbe 03 S 36 Gles lags e Sl e S0 5 e 4 il (sl O3
SOk s et (oledde o3 preas S gl s Sl eslital e pl 3 Ly 4 s Sless e I LSS
Slag e 2Ll s s s Saeas e s e aeslie 4 Jle s el SSS P Sledll
355 3l o andllae b s ol el sy OIS e ol 3 0L 5 ST s Bl sles sl Sl
o3binl (oMbl fo e 5 a3l sBen Galeee SlaelSinl 1 5 (s 53 B 51 eslinal) Lags
(Olanty Jlsp slageile) SVM (al elad wls) RBF (4 055 2) MLP (gla by, ol o
Dsbea Ll S 515 s 35 (Gl rae gl i) ANFIS 555 5 (FIS) (5306 Gl i,
Gl 5 byl (R) (Koo o o (MSE) L 033 Ol oSl 3l adde cpl s Sles e 5 oL

(J s o 33) o3 o8l ¢ pndige 5 5 0dSCEs (] idigem Ol jas pwdige Al ol )18 at gul ls -\ ®

E-mail: ali.ajamzadeh@gmail.com
J"‘) alfvii‘} cJ»_L@A)&aM\: squa& Ajjfh;al.c QL;A}.,&.&—Y
c bl ol (55 5LES 0aSiils (ol g (635 5LES ilige Ll IS ant el Sl Y


www.SID.ir

VAP 5l B8 (56 jlach aauia Sl (alsdl yha Ldd kit 5u- sals (saolilad Yor

0 bdle o8 phe odias olis @L:Z sl 0l oslizal  SC31S slasls sad pizean ool lrosls Hlas

S8 el s Byl 310l e by oo s 5 S0 ngw'b.)jk';ap B Sl 0L s e

ANFIS ¢SVM (RBF ¢MLP . jils; s s o}l g S

PRV

A T e slas 18 51 ol 53 ode 555 Sl gty st (llgE GG e it
ols O w6l po e Of el Sl 5 6ol e (S ot (sl ) bl
Sled GG st ol A s ke (O mla SILL e G 5 (ol B Sl
g Jes bl eng Slles Gidaod 03 ax S 2 e SOl wlidlse 5 (SO
3 sben Sl Gla e i Sl ol ladie sl 655 s an20S gams dx 55 1) ok
(23,8 uiganees 035 4w )3 03,28 55k Ol oo ) ladite b sl o olgidy (SO5do5des o e
KB ez (TR0 78 OLKes 5 Sl Al gladie (g Sl s sladis (0 s S5 sla i,
b Slets g 8 (g bl 4 56 S Cl ol e g5ledie 55 ANN 5 S5 5l a5
Lo god s led 42 g (s 5L et ) a5 amliles o g0 53 3,10 LS i 5 |y s 2 4 530
Sl s L5555 ANN OF 51 e (Yot BLes 5 SLL) ol 5 5550 ol 5 (s = 5 $555 i)
€03 53 L lediS Jlsdesl bl as a5 il S e S gllas 2 2 u) s
2 U5 U @iasta 53 ANN 38 el s ool 038 a3 OF il (3loand 5 S350
3 Siba 6 pp Sl G5, 5l s S (ASCE?, 20008, b) 1> ASCE cim sleasl,
Ly b oo Gl el giledie D3 g3U del B pne 5 S0y, @B S L8 e 35 500
S Yl 5 0Ll S8 Cho 5 gl (5B slaas sazs Gl 5 (6555 LS b xe (V4710) w3l 5
534S Sl S gledle myy S 3L el pne gledbe ol ol 4 SIS @ (oL, ol
Sl s ol 3 Sepa (e DAY IS sl 5 55 50) 350 Chro 5 ek 0L S b e U5 O
el bl gladle 5o sl Bly Jse A0l 5 e L5813 eslanal )50 Canlie e 55 S Jleg Lles S
S0 el (93U mas Slaptann L A5 (53U 55 laptens (56 Gl 5 as LS
St (08 Voot OLaa 5 SLL) Ksls axly Gl SO s 1y Sy a0 bl Bl

S eslizal b 1y (536 Aol 51 (slas gorme 03,551 st (36 wrmmms (b o3 bl JSCia (53U e

4- Nayak
5- American Society of Civil Engineering
6- Sugeno and Yasukawa


www.SID.ir

Yy e JB1sa slos i} ) e LAy imaosiay 3 o8 g G50 SLAGRY,) 3 o3 53 duanlis

5 30 TSI aslys 58 a5l eslizad L1 IS ol 3 0e o Sl s 4508 6,:S0L ipe ki
(4 20) jawse oLl S Oledbl 51 Wl . (e (gl A 5 s e <=l>,u'\ Silwang sl sl
gl e WV 04AY (Slr) S eslinad iledie (bs et (g Seslul Sledbl O e
Do 5 s Sl Skt 53 5 13l ana s VAT Jla 53 Sl e izl s 0T el 5 e s
Sle 636 ks 5 e 4K ploal ST TSl 5 Sl edd Jlasl (S5 ske sl
248 SIS sladie b o On n 3 Shes sl kil o 55 IS 558 eslind Ol e
osbizal b 1y Loadls 53 (So,b oS done) s 5 e she ol Stalan (liies dol B iote el
SAd 5 ik sy e Sl e saasd 51 (Yert) Oan 5 kil L5 ST s i ANN |
SUSS Jomily ey 53 1y s (Y00 0) Mol s W K LS walial Sl sleess 3 AL
Oty Ul slagrdle 51T ) 0o 5 77 sl plonil wiliale (551 Sla i i 0 sl 4 S|l
s sy 5 ANNS 51 oS 5 eslinal (Yo0V) LS 5 cple s gos sslinal S5 0adn wte Sl
Von s S e 1y (S5 asden Glos S it 03 iR s ol e & (Sl (6
Sy opl S eslatal dltag; gl e i Gl Olzis Bl g O sl S o8 (Y A) O
& (T S5 5 edsnsS A a8, 58e (M) OB 5 MUl s 55 Ol it sk
5 Fran pas S5) o Slalowe b gy Gleslial b 2 )lS Olpl G &l o sl $iledde
505 b 23 Sl esisn ANN & s 15 e 3 Shas endll s a5 L5503 Ol 5 Ltls (518 — e
5 S iledde Gl alsasol @ddans O S (il SVM sladis 51 (YY) 0LSes 5 5,k
5 SVM &S w3503 Ols 5 5 Seaslitul (it Slea S ailaie glga sl (slaosls 5leslizal b wr jo (3,25
) S35 e o3 S s U 3h S o Cusb s Sl s 0T Gl 45
2ol e Slealinal Liadls 0l 3 b i o & (T18) OLKen 5 Sl L isls 0LES 555 )
s o WVl 5 dbalaiglaesls 65,5 5 Sidaoder 5o paae Jisa slas s Ll 0pSE s (g5

cMLP J.Au ‘JPM g)':'j'ﬁ L):d)) 0 &b\}: o “ t;.‘.‘bd U'i‘ DL Cw‘o..«\.«;: ealal ‘Ub}) LSLQQJ‘J )‘ JSVS

7- if-then

8- Jang

9- Chang and Chang

10- ANFIS

11- Silverman and Dracup
12- Olssin

13- Cigizoglu and Freiwan
14- feed-forward

15- Lin

16- Jain and Kumar
17-Wu

18- Asefa

19- Kurtulus and Razack


www.SID.ir

VAP 5l B8 (56 jlach aauia Sl (alsdl yha Ldd kit 5u- sals (saolilad YA

)\ m\))) JJ\SU\;- 9 L};\J} L§LAJ 9 &JL: é‘j‘}j‘})@ ‘-;JLG) LSLALS)"" wﬂ DL LM‘ FIS RBF SVM
ol oK) SNl o 5 Jol G 53 B bl L olKa) 55 el 31 eslizal 5 b gs
as e (g3 5ike SNl L3k wimmen 5 in i Glp i) e 45 Sl OF Lm0l s

CR-TIRIre

(ANFIS) (536 e il s -

S g 63 linad el (3 e 3,S0ss 5 ANNS Sl oS5 s ol 53 eds eslinad
aals | s (eSS 5 oleane (bt sl iy L oUls e 8 cul DB Sl
Jsl Gas o 58 s 30 o sl A S5 B 53 L Z s S5 Y 5 X (8305 53 LFIS G Jle Ol e

J}J« QLJ J.s) LY J\;\‘}S‘ja “_;)Lé IF-THEN o0c0 92 L’ ‘U}‘u J.C«‘j.; 4L goze

Rule1: if xisA; and yisB; then f; =p;x+quy+rg (1) aail,

Rule2: if xisA, and yisB, then f;, =p,x+q,y+r; (Y) aail,

S bl P1eqrery Pyeay Ty b5 ped 4 ke Y X (63555 Gl Cosie 5 AsBy By Ay
S oS Grin gl aS A e QLIS 1y 28 g Jde ol gl o5l JY prlSe (V IS2) dzes s 2 U
Sl g 5 S Jles sl L s g5 s oslined (X, ) o ey (5355 bl 5 () s 2 o
5 62005 Gl S Bl gl 3B IVl b S 5 s e 4Kt S50 0 ST 51 S e
b e 3 b Y 0l (Y JS) A e eslial s

2 has sy sae Sy N l 308 s o sl 3L Y al gy slae S sl Y
Sade i ga py st O ro s AS o M8 530 del el

01 = pa, () for i=1.2 (*) aasl,

01 = pp,_,(y) for i=34 (8) b,

23 Cugas mly IS L &S s 0§ pl b by e (30 Gbaas seme Bia LA 0 S 35,5y LX &S Llr
w8 53 il plinte 5 et 4 plie WU A SIS e u bl opl s LE e asie o S
Bl pans SIS b LSS e il (S (a0 Bl e 05 e S Sl 1258

g demlme 15 Do 4 Lu e w5 D) 2l 53 eS8 MF Ol e


www.SID.ir

Y4 e JB1sa slos i} ) e LAy imaosiay 3 o8 g G50 SLAGRY,) 3 o3 53 duanlis

1 1
Ol.i = UAi(X) = —Zbl . O]_.i = uBi—Z(X) = —Zbl (0) 4-39-5‘)

14 XS 14 XS

aj aj

)‘J‘;MJ"JMI"JJ)("“{JSL" BL \ J..a\).: b gl,\.i}‘.a& CUJQ‘LASMML;LQF\JL aicbicCi4S

.JJAJL;c

L s CLILK i Y ol 5565 8 Wledd yasiem Coodle LY ol 55 e S ol glas S fes Y

RGO P T ¢ JJ)/\L«.G Q)Jé (Gokad ol fjj} gJuSL;a g_)f.p
02 =wj = pa,(x) X pp,_,(x).1=1.2 (V) bl

dwloes 1y 0l Jlop s Slas @y 8 5 Wlods osls 0L N L &Y ol glae S aan Lae S Lacs 52 o a0
())Jdce.ksﬂla JL&fJW‘cjﬁcqyw\Jj}f) J\..Sh;a

_ W;
O3;=W=———.i=12 (V) adasl
JS&MWJML?)J}MW\)r“LSAJ&BV.@..»:M.’{YJ\)JlAjgJ\...J‘del.kojfr)\.g;;g‘y
045 = Wif =Wi(p; +¢q; +17).1 = 1.2 (A) abasl,
Mmkgéufﬁ\)pplqlrl)f}wqyfjfwlé

S o e il sl s 2 om0 35 0 S S s 2 sl S ey Y

4
o= 3 B @
5.1 £ 1 ?lzlwi

Yo - . - e oo . . el - . -
9 Jo\MS‘\“\i “Jb&“"’kﬁjﬁ) dl.a.A)b d‘j—"_;“) Q;!LAJ LSLAQSJ"" o LS‘J" M‘)‘ LSJ"C‘L" Lo g
(V4AY (Kl Yo oA TTlsylasl 5 pi Yot OLKan 5 SLE ¥re0 ohKan 5 K Yoo 0L Kes

sl

20- Keskin
21- Cheng
22- Shu and Ouarda


www.SID.ir

VAP 5l B8 (56 jlach aauia Sl (alsdl yha Ldd kit 5u- sals (saolilad .

Min or product
Al B1
/\\:"'"'""" W1 fi=pl+g1+r1
* ¥ Weighted average . w1.T1+w2.f2
A2 B2 I v =
/\ ﬂ'i """"""" W2 f2=p2+q2+r2
x ¥

ol Sl Y S
(FIS) (536 ltal (2w =

(7 S5) ol o sphe el e a3l S22 FIS Lol bl

SRSk i
o33 oKL del 3 oKL T

S3505 —p Sl S Ly .
SIS
v

b S ol A5 30

<
<«

36 gl e S bl ¥ S

S48 YYQW c‘)} aS oals QKJ“LI &.: (u Sl 6)U J&\j.; )\ 6‘4&_}@;« )\ Jm 45.)&‘}5 oliil.: (;ﬂ.“
J\.C\j.; u.ﬂl..u‘f g5>-)J'>- Cm‘ sz) LY JYJ\:M‘ rﬁ&ﬂ &'." (Cj J\.\ngﬁ k_d.ijsu“ b 6)\.9 w;‘}:e DL oslael

23- Membership Functions (MFs)


www.SID.ir

2l e JB1sa slos i} ) e LAy imaosiay 3 o8 g G50 SLAGRY,) 3 o3 53 duanlis

Sl b g Gl S e Sleesly s slad 4 g5 gl I e b cilK S FIS
Aol (sl el S o o i ) Sl I e S, plUS s oS 5 sk e pll (550 ST 31 ael s
Sl el 5 LS o s 1y (53505 sl 3l amb S ()l 536 ledde 3 pdie 4 o5l ST S)
I ol bosyls W el s 4 (Koo FIS a33L 550l 51 S oo s 1 JBlie s = o(JB) s >
S Ll B s o b dagagns b blae (plis bu g odd Cio i) (30 4 gazme Jlrle Ol
LT s e Hsb a1 0Ll 4o 5 aass oS5 0BG FIS (sloasls litla Ll (1400 YL 51)
S Sl blae gods glaesls 5 g sl MFS slias 5 lagssss 3550 03 68wl 5 (S5Ledils
S (51 s o ek eslizal (536 Jbe 1 ib (sl gl Jsltr 51 lie ) 55 3,51 s s s ol

3 g0l anml e (T8 O 5 Tl BaT 9988 OhIes 5 7 SL VAT wsls) 4 Ol e el

Jie Sl eslizal SVM ool sl (VY 01484 Ky 5) ol (golal (6,550 10 sts (s 4505 ia zs/SYM
2305 13 5 b b (eSS Sl sl G b Sl (gnasd B b Glaes e (s3luesly sl b
lad s bt o el §ye LIS e Lde Glabgs sddatle st Jude ol Gdakir (Shs slad o
Sl o aug slilds dasio ol S SVM i slias jo .S Ol 1 ol el s

Uast 05y |y Laosls oS iy o 5 gl i amiopl ()0 oot Glacdle (il s o & sey Laesls S
Glls &S aisel bls ) A8 s U igel bl o 555 5 amio ol n abol p 5 Re s g
a3 o OLE 15 SYM bl e (8 JSC3) el n Ol (slasls s |y s amio ol B Aol 5 Sys 5
OLSan 5 ™55 980 M S 5,55) & Ol8 e Olaniy s slaredle auad 5 5t Sl gl
35 anl e (Yoo 0o 57 s 14718 OLKan 5 1 eyl Y00V

(MLP) ¥ 05 s laasi -

©ops Y s sl Y s S GOS0 Lk e fate o 4 5w LY Vi sl s

Sobe s e JSS 1 4l a5 ol Gl s 2 AT e Gla s 2 S AT L G e

24- Ojala

25- Novak

26- Ahlawat

27- Cortes and Vapnik
28- Press

29- Aizerman

30- Hsu


www.SID.ir

VAP 5l B8 (56 jlach aauia Sl (alsdl yha Ldd kit 5u- sals (saolilad Yy

o Y el gt a5 Y 51 aS 5,5 e g s e e G 3 4SS IS 0L 2 S
Jol arws A3 slite oa b aS 555 o elizal Jw g5 5 Y Lo O e eSS 5 Vsans .>>J§dov.:>'-
5 3hi demlone Bl S U5 035 sl 5 Os5 o ey elel p &S b IS

ko alon 3 Olgy sl @ O Crdie 5 s Y 5108 L LS s GladlSm p s

0355 B Spgo 53 Al o owsay ot 5 b 5 3l S 2k Sl 4 (Ko Olgy s slaos sl
A s 03 S bl a2 s Gaaus Ll o RSy S s dal s 3B Sl el sl
aan 5,8 o Dygo LY 5 oy, elad o GSsb aol g syls I3 s &b S MLP a5l 05 5

(0 ) o a5 W8 (6,53l Aul b Jsb s dils L1 3as s oS b ubl 5 Lo

Support vectors

N
A )

3 - '(f)ptimal hvper line

Support vectors

Oy Hls p slaile Jle it S

Jopan nduy
Jopas nding

" (Qutput lear

Hiden lears

MLP jlsle 0 S5


www.SID.ir

e e JB1sa slos i} ) e LAy imaosiay 3 o8 g G50 SLAGRY,) 3 o3 53 duanlis

(148 T Sl VAT OLen 5 T slebag, 98N TS 5 OMss,) & Olss St oSl sl
23S x| e

(RBF) 4l sl oy -

26 RBF (bt s il o S mn SO0 L 18 50K 00 il il 8 MLP oSt G,
MLP Sslua Olgy 5 92555 g b0y s om LI a8l ol oo ol o (ot 8 b oS o
el Sl gla g, S ol a0y S ol a5 s ki Slads isee 0¥ a5 AL o
FSop s Sbls s e a¥ 055 S 1l ol S e S 0l e esle sk
Rl S 3 630 s p kol (HIBIL 5 ail 5605 01 S b S e a4 A (53555 Ll oS S
Dbl 3,8 iy a5 ool dols Jline L 015 o 1) ol ol il oa RS 58 055 s e b U

sl o3l il (V JS8) 55 4l !

Input space  Feature space

5 S e b LRBF i sl 2\ s

s 1 s 3 S Bb n t s SS g s 55l SablB MLP St diiles RBF oS
2 MLP s e gy sos ) g 2 aS (gosba (ol Lol S e ij&ﬁd‘)&b’-lﬁ}: ol el
3 SLI (S S e s 53 055 RBF a3 Js ol i 18 lagngns 5l (5 fes e (go3 5
3 e bl sauaid Bles 55 L RBF (laaSis ol oy s0iS o fos s Soygo 4 5 Aid oo i
e 53 oy ol sbwesly > ol Fbie e U351 53 MLP 405 65 5, 50 53 . 5S s Jas MLP
Jos g Ll ped Wass,s O35 6,5 e 4 newrbe 1 eslanal a5 o ol sl eslazal Newrb &bl

31- Rosenblatt and Frank
32- Rumelhart
33- Cybenko


www.SID.ir

VAP 5l B8 (56 jlach aauia Sl (alsdl yha Ldd kit 5u- sals (saolilad VY

5 Sape M A b T s s ) 4 Ol Al sl il e s SR Sl Gl S
35 anmle (1881 TS Sl 5 SLL Y ) OLKes

asdlae 3 4o dilaie
o ol g 3l aS enp Lol oS OF sdes Sleli,l 5 e Vee Lo b sUl5s 0 e gl
dee b Slag e ddime glaasol Sl aibaie pl ol el Slelis,l pl 593y ol 0l 0 luES 350 g

Bliss, oo 2 OlS=sblisse se) 3Llass 48 opdled G rakS Y 55 5 O Jowe 3 O
(VU)o s315 NUEPg

ol e Ll GL S o a s> ol 8l as S alge

"
LvA®.' "N "‘é‘;ﬁ"
L evo.t o N
5 ve®.' "N
Leso ot N
& E ov ME 00 E
¥ E o B - ¥ E 0
e "N
; K "N

£ b
A° a0
Lm;.b‘)
Y o
o8 gl
YA ¥R
o=
| ECEEPEETR
YA
P 375 750 1,500 Kils + ! + + + :
i 1 av°va' -"E av°va' \"E av°va' \"E

Slallas adlate oLl aa Condge iV SS

35 S i e ol sl 35 Jgb OY-TY 5 el 50 YASOV 3t e oLl aer Sliatie
WOV BOYEE gladle b s bl Lab W 4 Js A Slisl OIS o 53 (e \FEE) V40 JL
Wl3as slaesls Glls ol cnl 3510 5525 ol nl Gl 0553 nl 53 s3lezel LB 5 333 Ll ¢ mad
Ole Sl obel 0553 cp 5 SVsb g Dls Clear &8 ol YooY GAVY Jlo 51 LS 5 el cd bl e
ot w8 B 55 Gaisd cpl 3 ol o) Olpea (Ot CnsVU a3 s glaolSin! Hla

!

34- Broomhead and Lowe
35- Schwenker
36- Park and Sandberg


www.SID.ir

Mo e JB1sa slos i} ) e LAy imaosiay 3 o8 g G50 SLAGRY,) 3 o3 53 duanlis

63‘5)‘5 ubﬁ;\—

sl V3 osd e eslital b atn Sle 3000 sske a4 LOT I &S 6,5l slag e i
i Oles L3 (35,58 slhae =p () & Oboy 53 aKd s, =P (1) > 5 bl (g3555 Olgeas (V Jsa)
53 3 8 DBl gl o Ol i gt Dl e a8 ol OF Ll o o 5 (ol
Slaesls 3 5i o eslizal oKaasl (g3 5hke el LL3L gl p &S e oBaasl Sl I eslizal i
o (K e oSl oKl 5 lS 5 S5 a8 Wi Wl AL 5 Les ek adlaie )3 3 g s
SO Gl oSl S5 e s S Sl i cnl 3 4l @35 Ol 4 Oliglaesls o 5y Olidc
i slod L5k (6ln 5 wnaS sles slaesls 31 aneS slos L3k (sl aloe sl&anal 5oL (slaesls 51 2L
RS b oS 558 Ol ISt oS 0350 O a5 ol 0 3lizul glome oSl (slos slaesls )
53 Me) Sl SleMbl b bl 53 Ll gz bl aes 5 das pll 1y bl 5 o he e S0 S
s ol 1) Ol i (s 35m 5 amnOLL laelKang) Laid 5 s K s oK) L a5 bl

A eslanal s e g aSlE e (63,5 Olse 4 &l enls Jle Al e

Seot P s el e st -\ Jyus

Vol P(O=f (p (1)

¥ sk PO=f(p (t-1), p (+2))

¥ ol PO=f(p (1), p (t-2), p (t-3))

ol P(®=f(p (t-1), p (t-2), p (-3), p (t-4))

° sy P ®=F (p(t-1), p (t-2), p (-3), p (t-4), p (t-5))
AL P O=F (p (t1), p (t-2), p (t-3), p (t-4), P (t-5), p (t-6))
Vool P ®=F (p (t-1), p (t-2), p (t-3), p (t-4), p (-5), p (t-6), p (t-7))

©ledbe S -

el esse = Xmin OF 3 a8 ol ol eslizal baosls (g3ladle  jskiie 4 p3 ot sy 5l andlas ool s

RSV I W JL&f o3ls =X E) sz_;\) o3l =X (539,58 le.habb v.‘u“;l.a = Xmax «S39,9


www.SID.ir

VAP 5l B8 (56 jlach aauia Sl (alsdl yha Ldd kit 5u- sals (saolilad s

X — Xmi
% = min 0') “-jﬂ-f‘)
Xmax — Xmin

bl e el ool st eslizal SBIS 5 golel s, 5l dis 5 Shee oLl ke 4 dlis ool s

S b 5 534S Al o O S b 5 MSE™ Gle Gl sl « il candllas ol 55 ol aslinad

el oal Lag]
1 N AY) adal,
o = mZ(Xi — i)z
i=1
1<, (1Y)
n= mZ(Xi —X)
i=1
~ N2
MSE = Z(YtN Vi) (OF) o,
LG - DG -D (V4) ala

R =
JE G- D5, (= )’

ealie) Cua e el iabie slas aesls Lo ol i esls i Vs Ve frye N Ko xp G5 Ly, oo
la ezl 350 535 St Sledbl gl il e s r s 2 S0ke 5 Laa sy oSk (e s 2 (2315
(Yo o¥) “CJP QY Ty gl oY e v ) Sle,gd s08871) T T 5 o 4 il 5 e OIS andllae (s L]
sl b aarl e (YeoV) O 5 7 IS5 5 00AT) Toss 5 oss €04 0L 5 LSS, S

SR SN J.La;;jébﬂ;l.ia ‘LM>|>J14.>'Q).:MJ§)J§_Z‘LE_>'- f‘/’fw cax)Uae ol os el 546 u_{:s\;

37- Mean-square error

38- Coefficient of correlation (R)
39- Bland and Altman

40- Welford

41- Dodge

42- Croxton

43- Dowdy and Wearden
44-Szekely


www.SID.ir

Ty e JB1sa slos i} ) e LAy imaosiay 3 o8 g G50 SLAGRY,) 3 o3 53 duanlis

“ J":-")S@ C‘js U‘i‘ u..é\);- )‘ ij\b\ LS\J" VLU ‘Lg’*;‘) )‘.,\.E.A )\ ol Jde o3ls B LSUG;' gRES 3 V'“ )L’S
S e (YY) 5 «0A80) o e «(TVY) B )

Eow g badl

Lo pl sl el Cowsag bt 5 a3 b Cﬁ.«l.: RS S A 3 edd b gladel ol )

C,we\o.lﬂigwMﬂ))Jcon)fJ)}A-\Lg‘fgb‘ts.)wiwzmucwbJJZ.@.:JM

ool G s

O350l G 53 (V ) Lagy sl 56 sl b S 3 O s cilins 3h (S i st
ol 03,51 (Y Jad=) s J‘JJJ'“C"“L‘ R c:l:; AS e b AL eJ.;JLgJM Ll Jgd LB o 4

sl

AL S i 03 dhe Gl e e B Y o

SVM RBF MLP FIS ANFIS bl eastls
YTV £ALY VAYES RN /+YAA Sodgel
o
Y/ALLY AV 0/41v¢ ANRZN AT 003l
ey \/\VE-\¢ +/014 ey -Y4E-+q JLJ'\}AT
- n
/400 < /AYAN SVANAS SRR o/eea RIS
V/AVEY YyAvTY £V/4Y4Y /vy o/een Sodgel
MSE
VAT VALYV Yo/84:Y Vv AT Osesl
/A407 e\ A YA +/os oY AYVA Sl
R
+JAOYY A AREY: Y801 YARYAY RS

sl L FIS™ sl iony 53 FOM™ 5l eslinad 5 Y (g g5k b Jsins Olas 53 Gl ot comadil 25 5
ol = SC® 5l eslizal s 390 o 4 3B 4 FIS sbwl 53 GP 5l eslizul 53 .l sl Ve 2udIS

45- Armstrong

46- Pearson

47- Charles

48- Fuzzy C-Means

49- Fuzzy Inference System
50- Grid Partitioning

51- Sub-Clustering


www.SID.ir

VAP 5l B8 (56 jlach aauia Sl (alsdl yha Ldd kit 5u- sals (saolilad YAA

&b e TSl s e s Gasel Sl Ak Ol a5l aSd s L5 FCM & S0sjp L8
G0 Fl e AL GEL (60555 o tiME oy sae AU Y Sheslinad 5T (gl b Jsine Ol o
Y s purelin 5 olgy &Y > Tansig =B oY sl Lok s\ oY KL oglasls s MLP
535 thd ol Yo 05 ol 5 oYl T AL 5 Y sl b el i RBF s 0 Jols (s
SO iy C oY s Tkl (S S a0 sl L 35 mul oyt SVR 0L

Aas e 5t Ol 5y ccﬂbwﬁj‘})b slag b b Sy, dléw\;b‘qr)\f

ook e 2ok -

oo A slacl e e A el (655, Olge 4 Ol el_<:.m.i| ook L;Lao:\;)\d.sufu)l.g e O

o] sl aJ)jT (Y’ d).,b-) BE)

Pk S 25k 5s e 2 gl e S Y e

SVM RBF MLP FIS ANFIS @bl aatls
YNVAAY et XYY INgeo MAL sl

()
Y/vaed /rY0) ATV /vonY Y/va O3l
ANEY Y/4E-Vo =Y/\4E=v0 Y -Y/Y4E-+V Sl

u
JYYYA AN o —v/van 0 NIy A iji
IAISE e JERRR fonY 0/08AS Sl

MSE
o/00V /et VIR /Yy Vo JAY Y ij[
/N804 CIAAET CIAAY </V0) HAV sl

R
VALY +/AQY VAT A +/A00Q +JATAY O3l

4 e FIS sbl ;3 GP, SB i eslanal (o slawl 2SS 0 sluas 3 FCM 5l eslaad s s CWLi BT
Fa o el slaesls 53 aSd 35 (I el b 28 sl Gl Al bagealy s Jsd JB e slis

sl trimf o 20 @U y e L’C».ML: e OB s s s e sl cld glaesls 355 55 Jde LIS

52- Fuzzy
53- Spread
54- epsilon


www.SID.ir

T e JB1sa slos i} ) e LAy imaosiay 3 o8 g G50 SLAGRY,) 3 o3 53 duanlis

Olgg Y 93 53 ol Ws g s 1, 055 Y 50 %;géo%qYJJQMLPM‘C,&QQ{%.M
Gl glaesls s 5 Sae Jals Esl Lol ple s Y sl s eslawsd Tansig @U o aY
) LS 5000 skl ISVM s s sl O £0 sl 5 /0 Ll (2EL SIRBF s s

Al ges Jgd BB 550 VU Sl iy cpl 5o aKs el Oley Al eslizal Vee 1L C

O T o

L il cwl._{ ST TGNV Iy N W 63,51 (8 Jsd=) 53 s 6l slag w Lol s S la S, C’b
238 o il Oy a5l e Rl Sl sl (il s S o ldim e sae Y0 sla 5 Y
&b s~ oY .o sl tansig 2Bl Sss Y ol V95 5 ¢ el b Sl Sl o g MLP s
Lol sl 5 LaaY 5l ool 58l raman 5 4Bl A s s 53 A8 VL (g s sl 5,58 s s 1 purelin
B ] RBF BE) MLSL;a Conds Lgl.lﬁo;‘) Q.:.Q.SJJJ QT C.J)Jﬁ ‘)\) ob‘gj'.é‘ ov\j@)%}.{«\ Lgl.dﬁobb BE 4§.~w CJJ.L;J{
J..a\?- GUJJ.SLS)‘)*@;;‘}}LLS}{‘)MJ‘G)LM‘JJMJ&\}\f\fMlﬂjVQ)f}‘McY LSﬁJL““)C-“li
.J\-.’.Jﬁﬁk?r_l‘\‘ﬁ)t.w[.féwb:d}e.ubwdﬂ&uw}b);&j‘ﬁﬁQﬂ‘)d}[{jdtﬂjSVR.Jjg.:

“eeS glod 2l -

Shl gz Ve sFCM L b e el el o 65,51 (0 Jsd=) 45 oo A el e @B
Ol ks s 2udIS slaas Jul53h s S G FCM 550> 55 slaClse 50 SC 5 GP 5l sl andl 5 S
2,5 sl trimf o s e B ade 10 L1y mel ot (5B il S il 5o 50 5 eols il
jo%‘JJ@AS&L@:Ai‘y‘jbb.MLP'C..JL.;O.lj';é_f..leji.'vd.lﬁ&‘Jls&"}'é\@\.!g;ifé_ﬁd‘jjb\@&ﬁ‘?‘
s g Lls 1, tansig &b A-LYMJA‘.CMJL}: ol s Jol s laaY s G 5 Y

sl O Ve slaas 5 ) il J:M\.lbcwl.l Q‘.’.J:'@'.’RBF 33 .M\L&izﬁ)sﬂuQYJ\M el 58!

Aol e Jsd J.:LBASQJJS‘_;JJ‘JJ.; oy 6L 0l SVM 50 s ol ys i

55- sigma
56- validation


www.SID.ir

VAP 5l B8 (56 jlach aauia Sl (alsdl yha Ldd kit 5u- sals (saolilad Yy,

€S los e 53 dhe 6l o e B -E o

SVM RBF MLP FIS ANFIS @olel aatls
\7AR\? /T OAY «/v00 /TAN4 YAYYY il

Y/8 Y ALY Y Y YTYEA g3l °
V/+4E-1) Y/ VE-\Y e - /A YA -4\ ¢E-vv sl

VARRY: /ey o/va\4 SCVERAV EARN Ose3 H
CARRE vt e /e t/00\V ool

- MSE

RARZA oY AERA o/a) e 0/YAAO 003!

NZYITS YR L/a08V A0\ +/a00V (il

NN A0+ NEYALY 80+ /484y Sl R

€S glos (2l5L 53 Jde a6l 2l op e 0 i

SVM RBF MLP FIS ANFIS Sobl aaxls
AARAL ALAL. /e0ny ONLY o/+07) Sl
A7ARAC /000 o/eoY «/vAOA o/ 0V4 O3l ©
ey -4V E-0A me/ee /oY =Y/AME-Y. Sl
e VIR Se/ea /2 OAN YRR Oge3l H
XYY eyt /Y0 Yy o/eary sl

. MSE

Y/Va0Y /eeYo /YA YN YR ¢ O]
+/4YY AN /47 ANAR /4114 Sl
JAVYA /418 ) /ATYA Ay ATy O3l R

A Sbod om o -

b il o il 03,51 (V Jstr) 55 cilodel sy Uast 5 (ms S5l day oS g5 8 Slagel op g
Sl el VL s g sl 1 eslinal 5 e 2adS Rl53laE sl S Ve slaws 5 FCM (Y (g g 5l
4o iy 5 2315 0Ly GP Sl eslizal 53 53,5 S FCM 50> 55 laclr SC s 8 aies o8
A S sl trimf oy pae @b ade V0 sl 5 Y (gl 3 el op e 3B s so s Jpd LB
e s e Sl Je3 BB e 0l s 55 1 el wSd LI 2l esdle 5V sl Sl eslizd
Olgg a0V so s tansig 5l eslasd 5 Lo g Is 1, 05,3 Y 50 b jas oS Olgg Vs 5 ¢ sl LMLP &=k
53 G VL Glag sl oman 5 bagY slad 5 ple (il s S Lol (s 5 4N s purelin
Sheslaal s 8 Lol 055 0 slaas 5 o/8 (3L LY (g5 b 5> RBF Gl e S e ol 4SS


www.SID.ir

Al e JB1sa slos i} ) e LAy imaosiay 3 o8 g G50 SLAGRY,) 3 o3 53 duanlis

Ok 50/ LS b Ol e SVM s syl Ol 53 (6,80 VL sla g slas 5 055 5 s 3ldas
.M@fi\;ﬁdﬂdslﬂoujé,\i;ﬁyb./.\*

ande gl oLsL -

Jol= S Ve slaes 5 FCM pw@t@gd%.wuuowiw Jsdr) 53 iy o sl o e
Co pae @U Yool bl o e s s56 c«b Ly FCM CLQ 534> 55 55 GP 4 SC cab s S
0 Ol &Y 53 L B LMLP sl (2 3.5 o 4K 3 Shas [l Sl e il il 58l o trimf
L bl Y slaas [l s 8 eslanal tansig 5l 56 s, 4V 53 ad Jols tansig S ERCIEAN
3V e GR3L L aul e RBF i) 3 55l a3 50 03 5580 LY le (il 5 das e rals

AL s Jgd B Yee 503 S Ssls B | (63L Oly; SVM Ui)).J.i:JfJ.pr)JJM NPy

Wt gbos e 53 dbe 2 Gl o e B - dode

SVM RBF MLP FIS ANFIS Sobel el
VALY /4844 /o8 «/+09) Y/+ 084 Sl
V/AY44 AV O /1040 Y/ YO O3l N
et =Y E-vo JeeNY S VARI=CTh VEVE-A Sl
AKEN) SRVARAL SAARRN =2 AFY) -+/v0q) 00l H
Y/eTe /eeYo XY AREA IARNY Sl
\AYAD ey o TERE A £A714 O el MSE
/AAYY A\ +/AV14 +/AVoY <AV sl
V/A¥Y /AME +/4V4 NLAYZY «/avyY Oge3l R
et glos (2L5L 53 dbe 2 12l (p e B -V i
SVM RBF MLP FIS ANFIS &bl wasls
AARY /AYAV YV YAEAN YYe Sl
V¥ PAY oYY YO A VIFAY] o/rgoy Ose3
SRRy SVACE-Y VYE-v -e/eNev £/4+E-+9 sl
SN JRRRY SAKAR -+/4140 VOARAY Oge3l
Y/ A /ve0 /vaNg DERAL AR Sodgel
- MSE
VIVYAY e ey YR /0Ty Oga30
</AAT +/AATY HAATA +/AAQY +/4A44 Soigel
/4444 /44.Y +/AMC AATY +/AAY) Oga3l

‘\Sb} .>J5 g;eJ’JSVR Md‘jw ‘) (JZ‘)L: 6]..»‘).)}.:}[:)‘ e.}l.ﬂ.:.w‘) L)'LJL' wﬁ)}&iif g)'ljz'é"
Cand SVR gt L LIS sas Olid SIS IS ioman 5 5503 Laesls e g1 R 5 1, Fob e



www.SID.ir

VAP 5l B8 (56 jlach aauia Sl (alsdl yha Ldd kit 5u- sals (saolilad YYY

Jos g test glaesls 3 Ll Wls |y oS sl (630 5 el Gla i, sl iy, Ko w
Sl S aasls b ls IS5 s Sl S5 rj}f a3 e 0L SVR g, s Shee (A IK2) 05 SO
53 4 gl (s e 5 ol JS8) et ol S s ((Cly o 5 VU JS5) 0o S5 LT ol
S 5 WL IS2) Dl ged G o3 Bl Gbaesls 5 4SS s 2 IS 5 (G G 5 ol JS) o3l a
el ot e Sl o 5 st Sl e ke g S5 o o U Glaratls piomen 5 (Gr
Uast Olee ol b Waosls sl odias OLES OF (93508 Sl5 a5 5 Uat Ol e Uast oS sen IS5 s Bl s
oo 3l OF 53 a0 (gllas (53 g0 Sl gad 5 a3 3550 gols (Bl I ped casCd gllas 2 s il o
Sils g Go 1y 3l 0ley s susl e Cesey e 1 ol SVR &S s ik slaesls sk
sl MLP s RBF «Ss Js5 o050 3850 Waesls oLk oo Lo 8 W i) ady AL e b LB ol 5 AS o
P MLP )5 Shae Lipd Bime S nl 53 5 o, Olgea Kl e 5 Las oo DL 1) (5 508
50355 ol 3 aeS (Sled iy 1 SVR [aas o3 el Uy 55l 5 Oles el o o3 ,51 (4 IS2)
b badas lo Sl Gl e il aS los i 02 2000 2,08 50 bl s ds (pl @S 0155
63,51 (Vo IS8 53 5B s Sas sy i ol g aaSl o xe (656 5 MLPRBF gladde aas e 0L

el ol

Albda(y) R= 08802 HlDae R= 08675
— Outputs |
Targets
o8 o oy 08
0§ 05 |
o 0§ [
00 900 00 ° 0
0 0 @ 0%
04 n 04 Og 0 o 0@0 0(@
f o g5 O o o4 o0
0 o 0 o 0
[ 50 oag 00 0
| o o 0 0350 200 °©0000
0 ‘ . 0
R 001 02 03 04 05 05 07 08 09 1 ! I
' w0 W0 B0 A0 A0 a0 &0 0 0l 02 03 04 05 06 07 08 09 1
MSE = 00010038, RISE = 031665 = 00019638, 0= 0031629 SE < 0SS, RUSE = 00032 = 0010282, 0 = 0BT
—tm T . ' ' '
—=
u 20 o P
08
20 -
0
500
1
" 20
, 10 -
2 0 i)
I 93 42 41 0 o1 02 03 04 05 05 07 e o 02 ot ol 02w o1 5 s
o Z " 5.0 5 i & . 5
5 . 5
5 5 SVR Jus Sl 5 mls A
U"JLf ‘5‘.&05': &Lj)‘.ﬁ BL MLP JJJ dﬁgl; @LA R J‘w DN emu D d - @

oK) aS glos (glaosls bl s e luie 5 Ol L 5l > Shes e ol s MLP slaasls



www.SID.ir

vee e JB1sa slos i} ) e LAy imaosiay 3 o8 g G50 SLAGRY,) 3 o3 53 duanlis

esjﬂqm.:L;Lm:l:ujdq): ol 3 Shes il pod J53 LB 5 es s 3L Cand pl 53 (5565 SVM L

(\\ J_(,L) Gl ol

R=0%0%
1 ———— g
0
R=0.9672:
1 — 08
f oo
S 0 09
08 0 00 oog 08y fo
0
06 008§8 €800 088 0
0 04 0
¢ g oﬁgO ’
4 0
H 0 w08 86
88 00 0 000’
02| 0
kST S S S S U S
S S S S S S S TSN S S S S— [} 0 V11 R 0 01 02703 04 05 06 07 08 08 !
IR 01 02 03 04 05 06 07 08 09 1
MSE = 0 0B4BEL RNSE = 005906 4= 00U, 0= 0057388 VSE = 000414, RUSE = 0094 =004, 5= 008978
0 —t : : 4 : : : T
02
[ o f
o
@
2] [
02 0
3 0
R EEEEEEER] A% 02 415 01 A% 0 0% 01 05 02 05 .
T Tm o W w m m FTN R A R I VRV A
z
. . o 3 . & . . 5 s i é . B
4,.,«5‘_;&; 6\&55': @lﬁ)lﬁ)} u““?"" Jxe ‘éﬂ; @La A ng “":“‘Sd“‘é S 98 w;_,l Jde ‘;g-ﬁbs @LJ RK JS""
AIDal) R= 099785
1 — T Tt
Ouipts.
08 Tagess 0
0 0
0
0§ 06 0
O000
0
04 04
0
Og 00 0
02 02
£ FeefE6 0
o0 [
) S S S R B S S S S S ! PR P B
00 W0 B0 A0 BN A0 B0 001 02 03 04 05 06 07 08 09 1 I ]
MSE = 0.0013481, RMSE = 0036716 . J=-00035%8L, 6 = 0.03672 SE = 00024287, RMSE = 0049282
04 — i T T 0
02
0
R
24
18
14
1 . . r L r L 03! ! Y "
" s om0 50 a0 B0 a0 ED EO L T VA A A P 1 S 93 495 42 45 41 46 0 0% 01 05 12

ey glod lresls oLk o MLP Jue K318 el s a3 e 3 RBF Jue (K315 Al Js



www.SID.ir

VAP 5l B8 (56 jlach aauia Sl (alsdl yha Ldd kit 5u- sals (saolilad YYY

05 oo el e AL e clie aiy sles slaesls oL 5L )bﬁjﬁﬂ))vﬁSVM Do ool Ol
5 OY JSSRBF (MLP (sla g, cain sbos slaesls oo i e 53 .ol axil | rj}/ e e el
L;j ol 5 oS0 uij)mgwéjjuiﬁéw Shls el gy isls LS 3 51, S o e (550
9 RBF cLS)L% gw.b\ U':l})f' ‘4.«.:...:«.:.? dlﬁ.} LSLAOJ‘J kﬁJL:JL’ L JA.)L;O QL\:.J J)} J‘ b LQQT )jJ?- BL) &bls

& S do

o tlpn Slag 5 ol 05500 o OF S0 5 Sl s bl sl sls B 5L oS LT )
A 5,0 Yoo Y) sl (Yo V) sl a5k Dbl sl ] e Ol 4 TSty T lags e
S 53 b sloml b leme ool (53955 0203 G Sl salisad 258wl (FeA) T Blns 5 s Ol
Aas By B33 ey S LS el L Bhse L e 3 a3l 35e hs) 4 e i s O
Sl a3l 1) s aan 5 p3Y oD Ll e sean s Gla s Slhas SOL ot 200 03 L e
Ol oo o0 S5 Ol (pl bl Jge Wil o B0 e 8l e ool 03 SIS 30 (905,55 Sl el Lol
S S L e S rgee 53,5 sladde a1y et Tiglans, b3 b ot 8 Sl O g (oS
Blodluy S @ 1y sdal glass, o3 wlidlpn g ole 5 oL w5 1 35 oUls bl
SRR PP NE SO ECI VST RV IS CEY SPA PRI SEL IR PP R
NS sr msms (53,5 Gadde g s (il mlie ) sladie Sl sslizl S 055 e edul slaans
osr iy (T Oblan 5 Vol 355wl e) AS Jee o siae 3sa slaBss Ol e Skt
bl Gl Gl Olpea Wl5 o 54 S Jos s Sl ples DML SL5L 5 s i 53 (o sae
53 N8 56 slagsssss b 5l eslinal rmeen S 13 eslial 3550 il ga GlaolKanul (53 site DM
S S Ry 48 5,8 Ole U155 e s 25l 5m 550 53 Al Ssy pl dsd BB s Shes s Ll e Les
Rl o3 g sdalie BB e ol S s Sl Cins opl s i Sl gl ol 3,50 0 03 8 yes

Fob i Om s o 2o Sy bl B ke 4 e 5 e o (315 Ol anllles

57- chaos

58- Watts

59- Ott

60- Lorenz

61- Ivancevic and Tijana
62- General Circulation Model
63- Cox

64- Holton

65- Brown

66- down scale models
67- khan


www.SID.ir

o e JB1sa slos i} ) e LAy imaosiay 3 o8 g G50 SLAGRY,) 3 o3 53 duanlis

SOV T s i) el il o S (il o558 G S e ol 08 o S
S5 e 4 (0881 i 0ave Sle) S5 0n S

Slaesls e 5 Sy opl oS A e B a0l Ol s Bl SOL se b 00 2 2US SVR g,
WL slaesls (3505 55 3bs 0les Gy 55 adde sl Cinds Ll 4aiS e s b ia, plo 5l e ot i
Sl WSl l ol Oley 5 alS 1y oS (36 5 kil glaasSil 5o 0L (o5, Sl ol i
A5 55 el by Oley 5 athy Vb sdelial Djpo 4 o pae il 8 da(ga)s 2l Al L aS | e e
5 Kt LS Sl il 5 3L s, &S S Ol e J opl bl e imislen by o (=5

..L};Jljé oslaial 5 4 Laﬁuiﬁﬂbﬁ J;J\;Sda

68- Atashpaz-Gargari and Lucas
69- Holland
70- Mitchell


www.SID.ir

VAP 5l B8 (56 jlach aauia Sl (alsdl yha Ldd kit 5u- sals (saolilad YYs

@l;.a

- Ahlawat, N., Ashu, G., Nidhi, S., (International Research Publications House, (2014), "Use
of logic gates to make edge Avoider Robot,” International Journal of Information &
Computation Technology, 4 (6): 630-642.

-Aizerman, M. A., Braverman, E. M., Rozonoer, L., (1964), "Theoretical foundations of the
potential function method in pattern recognition learning”, Automation and Remote Control,
25: 821-837.

- Armstrong, J. S., (2012), "lllusions in regression analysis”, International Journal of
Forecasting (forthcoming), 28 (3): 689-702.

- ASCE Task Committee, (2000a), "Artificial neural networks in hydrology-I: Preliminary
concepts, Journal of Hydrologic Engineering, 5 (2): 115-123.

-ASCE Task Committee, (2000b), "Artificial neural networks-in hydroelogy-11: Hydrologic
applications”, Journal of Hydrologic Engineering, ASCE 5 (2): 124-137.

-Asefa, T., Kemblowski, M., McKee, M., Khalil, A., (2006), "Multi-time scale stream flow
predictions: the support vector machines approach, Journal of Hydrology, 318 (1-4): 7-16.

- Bland, J. M., Altman, D. G., (1996), "Statistics notes: measurementerror", British Medical
Journal, 21: 106-313. [on line]: https://doi.org/10.1136/bmj.

- Broomhead, D. S., Lowe, D., (1988), "Multivariable functional interpolation and adaptive
networks", Complex Systems, 2: 321-355.

- Broomhead, D. S., Lowe, D., (1988), "Radial basis functions, multi-variable functional
interpolation and adaptive networks (Technical report)”, RSR, 4148:1-34.

- Brown, M. E., (2008), "Famine early warning systems and remote sensing data", Springer:
Berlin.

- Chang, L. C., Chang, F. J., (2001), "Intelligent control for modelling of real-time reservoir
operation”, Hydrological Processes, 15 (9): 1621-1634

- Charles, S., (2011), "Research methods for the behavioral sciences”, Wadsworth, Cengage
Learning. Belmont: New York, USA.

- Cheng, C. T., Lin,»J. Y., Sun, Y. G., Chau, K. W., (2005), "Long-term prediction of
discharges in Manwan Hydropower using adaptive-network-based fuzzy inference systems
models, Advances.in Natural Computation, Pt 3, Proceedings. Springer-Verlag: Berlin.

- Cortes, C.,Vapnik, V., (1995), "Support-vector networks", Machine Learning, 20 (3): 273-
286.

- Cox, J. D., (2002), "Storm watchers", London: John Wiley & Sons.

- Croxton, F. E., Cowden, D. J., Klein, S., (1968), "Applied General Statistics", pub Pitman:
London.

- Cybenko, G., (1989), "Approximation by superpositions of a sigmoidal function
Mathematics of Control, Signals, and Systems, 2 (4): 303-314

- Dodge, Y., (2003), "The Oxford dictionary of statistical terms", Oxford: Oxford University
Press.

- Dowdy, S., Wearden, S., (1983), "Statistics for Research”, Wiley: London.

- Atashpaz, G, E., Lucas, C., (2007), Imperialist competitive algorithm: An algorithm for
optimization inspired by imperialistic competition, IEEE Congress on Evolutionary
Computation: (4661-4667).

- Francis, J. P., (2000), "Review of metamathematics of fuzzy logics", Bulletin of Symbolic
Logic, 6 (3): 342-346.


https://doi.org/10.1136/bmj.313.7059.744
www.SID.ir

Yry e JB1sa slos i} ) e LAy imaosiay 3 o8 g G50 SLAGRY,) 3 o3 53 duanlis

- Freiwan, M., Cigizoglu, H. K., (2005), "Prediction of total monthly rainfall in Jordan using
feed forward back propagation method", Fresenius Environmental Bulletin, 14 (2): 142—
151.

- Zadeh, L.A., (2006), "Fuzzy logic", stanford encyclopedia of philosophy, Stanford:
Stanford University.

- Ghahramani, S., (2000), "Fundamentals of probability”, (2nd Edition), Prentice Hall: New
Jersey.

- Holland, J. H., (1975), "Adaptation in Natural and Artificial Systems', Michigan,
University of Michigan Press, Ann Arbor.

- Holton, J. R., (2004), "An introduction to dynamic meteorology”, Volume 1. Academic
Press: London.

- Hsu, C. W., Chang, C. C., Lin, C. J,, (2003), "A practical guide to support vector
classification (Technical report)”, Department of Computer Science and Information
Engineering, National Taiwan University.

- Ivancevic, V. G., Tijana, T. I, (2008), "Complex nonlinearity: chaos, phase transitions,
topology change, and path integrals”, Springer: Bern.

- Jain, A., Kumar, A. M., (2007), "Hybrid neural network models for hydrologic time series
forecasting”, Applied Soft Computing, 7 (2): 585-592.

- Jang, J. S. R., (1993), "ANFIS: adaptive network based fuzzy inference system”, IEEE
Transactions on Systems, 23 (3): 665-683.

- Jang, S. M., (1997), "Neuro-Fuzzy and Soft Computing”, Prentice Hall: New Jersey.

- Keskin, M. E., Taylan, D., Terzi, O., (2006), ""Adaptive neural-based fuzzy inference system
(ANFIS) approach for modelling hydrological time series™, Hydrological Sciences Journal,
51 (4): 588-598.

- Khan. M. S., coulibaly. P., Dibike. Y., (2006), "Uncertainty analysis of statistical
downscaling methods, Journal of Hydrology, 319: 357-382

- Kurtulus, B., Razack, M., (2010), "Modeling daily discharge responses of a large karstic
aquifer using soft computing methods: Artificial neural network and neuro-fuzzy”, Journal
of Hydrology, 381: 101-111

- Lin, J. Y., Cheng, C. T., Chau, K. W., (2006), "Using support vector machines for long-term
discharge prediction”, Hydrological Sciences Journal , 51 (4): 599-612

- Lohani, A. K., Goel.. N. K., Bhatia, K. S., (2014), "Improving real time flood forecasting
using fuzzy inference system", Journal of Hydrology, 509: 25-41.

- Lorenz, E. N., (1963), "Deterministic non-periodic flow", Journal of the Atmospheric
Sciences, 20 (2): 130-141.

- Mitchell, M., (1996), "An introduction to genetic algorithms", CambridgeA: MIT Press.

- Nayak. P. C., Sudheer. K. P., Rangan. D. M., Ramasastri. K. S., (2004), "A neuro-fuzzy
computing technique for modeling hydrological time series”, Journal of Hydrology, 291: 52—
66.

- Novak, V., Perfilieva, I., Mockor, J., (1999), "Mathematical principles of fuzzy logic",
Dodrecht: Kluwer Academic.

- Ojala, T., (1995), "Neuro-fuzzy systems in control”, M Sc. Thesis, Tempere Univeristy of
Technology, Tampere, Finland.

- Olsson, J., Uvo, C., Jinno, B., (2004), "Neural networks for rainfall forecasting by
atmospheric downscaling”, Journal of Hydrologic Engineering, 9 (1): 1-12.

- Ott, E., (2002), "Chaos in Dynamical Systems”, New York: Cambridge University Press.



www.SID.ir

VAP 5l B8 (56 jlach aauia Sl (alsdl yha Ldd kit 5u- sals (saolilad YYA

- Park, J., Sandberg, I. W., (1991), "Universal approximation using radial-basis-function
networks", Neural Computation, 3 (2): 246-257.

- Pearson, K., (1895), "Contributions to the mathematical theory of evolution, Skew variation
in homogeneous material”, Mathematical, Physical and Engineering Sciences, 186: 343—
414,

- Press, W. H., Teukolsky, S. A., Vetterling, W. T., Flannery, B. P., (200, "Section 16.5.
support vector machines"”, Numerical Recipes, The Art of Scientific Computing (3rd ed.).
New York: Cambridge University Press.

- Rosenblatt, F. X., (1961), "Principles of neurodynamics: Perceptrons and the theory of
Brain mechanisms", Spartan Books: Washington DC.

- Rumelhart, D. E., Geoffrey E. H., Rumelhart, J. L., (1986), "Learning internal
representations by error propagation. In: McClelland, R., PDP research group (editors).
Parallel distributed processing: Explorations in the microstructure of cognition, Volume 1:
Foundations. New yourk: MIT Press.

- Schwenker, F., Kestler, H. A., Palm, G., (2001), "Three learning phases for radial-basis-
function networks", Neural Networks, 14: 439-458.

- Shu, C., Ouarda, T. J., (2008), "Regional flood frequency analysis at ungauged sites using
the adaptive neuro-fuzzy inference system”, Journal ‘of Hydrology, 349 (1-2): 31-43.

- Silverman, D., Dracup, J. A., (2000), "Artificial neural networks and long-range
precipitation prediction in California”, Journal of Applied Meteorology, 39 (1): 57—66.

- Sugeno, M., Yasukawa, T., (1993), "A fuzzy-logic based approach to qualitative modeling",
IEEE Transactions On Fuzzy Systems, 1 (1): 7-31.

- Szekely, G. J., Rizzo, M. L., Bakirov, N. K:; (2007), "Measuring and testing independence
by correlation of distances"”, Annals of Statistics, 35 (6): 2769-2794.

- Tabari, H., Kisi, O., Ezani, A., Talaee, P. H., (2012), SVM, ANFIS, regression and climate
based models for reference evapotranspiration modeling using limited climatic data in a semi-
arid highland environment, Journal of Hydrology, 444-445: 78-89.

-Vapnik, V., (1998), "Statistical learning theory", Wiley: New York.

- Wang, W. C., Cheng, C. T., Qiu, L., (2009), "A comparison of performance of several
artificial intelligence ‘methods for forecasting monthly discharge time series”, Journal of
Hydrology, 374: 294-306.

- Watts, R. G., (2007), "Global warming and the future of the earth”, Morgan & Claypool,
Tulane University: New Orleans

- Welford, B., (1962), "Note on a method for calculating corrected sums of squares and
products”, Technometrics, 4 (3): 419-420

- Wu, C. L., Chau, K.W., Li, Y. S., (2008), "River stage prediction based on a distributed
support vector regression, Journal of Hydrology, 358 (1-2): 96-111

- WU, X., Wang, Y., Mao, J., Du, Z., Li. C., (2014), "Multi-step prediction of time series with
random missing data", Applied Mathematical Modelling, 38 (14): 3512-3522.

- Zadeh, L. A., (1996), "Fuzzy sets, fuzzy logic, fuzzy systems”, World Scientific Press.
London.

- Zadeh, L. A., (1965), "Fuzzy sets", Information and Control, 8 (3): 338-353.



www.SID.ir

