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sampler algorithm
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Abstract:

The concept of linear regression model has been developed to address complex types of
studied phenomena, these phenomena have been modeled using fuzzy linear with crisp inputs
and fuzzy outputs, and to estimate the parameters of this model we have two methods:
possibilistic and least squares methods.

In this paper, we have proposed an algorithm that combines possibilistic and least squares
methods to find the fuzzy linear regression coefficients by applying the Bayesian Method ,
which notes the random nature of phenomena and has a high predictive ability, by merging
the Gibbs sampler algorithm with the Bayesian approximation algorithm, and assuming the
initial values and distributions prior.

Its quality was verified by applying it to real and generated data, and the results were compared
with Tanaka possibilistic model and least squares methods (Zeng's model) using the Quality
of Fit (GOF) scale.

The results of the research indicated that the proposed algorithm gives the best accuracy for
estimating the coefficients of the fuzzy linear regression model, and it also overcame the
problem of determining the likelihood function in the fuzzy model and in determining the prior

distributions.

Keywords: linear regression model, rejection ABC (approximate Bayesian computation)

algorithm, Bayesian Method, Gibbs sampler algorithm, Tanaka possibilistic model,.
Zeng's model,
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Sy B =y = g & Bhalie dylaca Lk Lulaca dael (21) Aaledl) &t laladl RIS

pla Ui e st slhasall Cllall JSUH z30e8 2D o) sl 5 A = (g, €))75) = 0,1,2,...,m
(LP) s calags 5 e By = H dapd Aol cOlled) LD S gganall las o) 35l Carag 130
ol L gy Coaghl Ay Gl e 38 Ally ¢ lacall laai¥) cilabeo il

min/ =e,+e; +--+e,
a]-,ej

m m
S.t ZQJXU+(1—H)ZeJXUch+(1—H)rl 2
= = (22)
m m

j=0 j=0
e>0;i=12..,n  j=012..m

rdulual) Ghual) clagyall g igad sl —2-2-6-2

Baaall il el e A ddleaal) B DA e (21) 2 35adll 3 Dbl ol 8 (gl Slasyal) ane pasis
gl (e diliall (Wbl e Bae Crerdtindg dnbicall Cilaaliall Cilajaally dulecall

dubuall Giuall cilayyall Diamond g igai -1

t A AL ansg dunall d8ludl) axasi) (Diamond ,1988) Ui ¢ o8

151



Journal of Hama University — vol.5 =No.19-2022 2022 is il adad) = pualdd) alaall = 3laa dxals ddaa

n
min D? = ) (y;— ¥,
i=1

ajepYj
2 2
n m m
=Z Cl_zanU + ll—z ﬁJXU
i=1 j=0 j=0 (23)
2
m
+ln- ZV;’XU
j=0
s.t. Bi=0,y,=20;i=12,..,n j=012,..,m

1 J8Y) ddlaal) daidl) Zeng g agai —2
UKL aess Aol ol Sl Aulacall 53 clayial) o Gillaal) Zilud) ZENg 73 gl padiul

n
mind = Z|yi - Yl-|
aie;y:
s i=1
m

- Z G- Z anU - z 'Binj (24)
j=0

i=1 j=0

m
+ | — Z ijij
j=0
s.t. Bi=0,y;,=20;i=12,..,n j=012,..,m

.(Shapiro,2005)(Alstolanty,Alnagash,2015)
baal) adl) laaiy) g igal el gl g isadll WG ~3-2-6-2
M+1 aaall Gl EDa X; = [1, X5q, oo, Ty T Gus claaliad) il (X, )50 = 1,2, ., 1 Wl (ajs
he bl Jlsdall Tadl) ae olocall (adll z3sais 3l &k dnboia del Slaie y; = (65,197
300l AL

Y; = Ag + A Xiy + Ay Xpp + o+ A Ximm + E; (25)
(Sly Ay = (aj,e)r ;) = 0,1,2,...,m shlie Lnlua 4k Ll RS C ARG

Stein, )dduluall  cOlaledl  chlamly Sy e =[eg, eq, . epls @ = [ag, ag, .., Al

. (Wang,etal,202)(Beer,Kreinovich,2013
o Shall a3 2 oY) Alsjall (8 ilase o ol Lgia gocasall cilallas s2e Llal Luly B oo
e chla) sy bl Asjdl b ccla i) ge dubudall Al ae Lalad) Gl Clasall aladiuls
2300y T(€) 8 ais Al Jlsdie e @ o (il ABC (=)l Lia)lod ki uls rgie pdiiw
Al Akl (e il y = [y1, Yp, v, Yul© Gam T(e]y) grdl sl
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n(ely) « l(e,y)m(e)

. (Wang,etal,202)( Stein, Beer,Kreinovich,2013) ¢ «laall ddga=all Ay [(€,y) Cua
G i) i Lgia IS plilsdie (hstie @5 @ O Laskiveg allaall s3a oail b gie paiies Cand) 3 3
s aag Sl y = [y, ¥y, 0, Yp ]t s m(@, e]y) sl asll Wl oS my(e), 1y (a)
A A (e gnd)
n(at, ely) o« I(a, e, y)my (), (e) (26)

csabaadl LuKY) A [(a, €, y) s
Sy alaall ASIKQY) A Joste Clupad sle IS ang Y Yl il (il dals gl zeiad) Gabi die
Clie sl Gl o Lad (apeivg Lubual) alledl Alla 8 2Ll Slay sl o 1Ll ¢ lee (<80 4Rl
Y s w3kis ABC Auej sy (s Ailas (o e Aua) s 5 Alsinall A3 e A0S (g2 a5l (3
el e lal) plasiuly lacall dadll stV zisai allae s
Rejection sampling algorithm: _xd )l dilas dajylsd —1-3-2-6-2
G e (S8 Lghukss (Ko dnlan D alas (63 gl salaall ZlSeY) A Jsiho Chpel age ¥ Hlal) (S,
da bl Ll W g0 csand) mgill (e e alag) Gadaill ALE Caed saliil) LelSh MCMC sy ylsa
LS Al e
Guny clawlia) @bl (X3, )50 = 1,2, 0,15 8 w5 Wy m(0) L) misil) e 6 Slabes Wl (s
Wl 96 0 ad (e daad g Ladaiadd 138 M (6, X;) z3sa ledy Slapdall y; 9 DA X
Y, =M(6,X;);i=12,..,n & Yy =[V,Y,, ... V,]"
8alse e (S BliaY) DA Go sond) sl o e 1) L) sl o il Jgad Gimil) dse) s o
A Clpladl) due) Al s3aliall UL (gls ¥V dgend) cililul) culs 13)

=12, dal e adll) clshaall <5 -1

43 clghall S -2

T(0) A8 Jainl 255 e 6 dad alys } -3

{ Y, =M(01,X;) zisi 0 ¥ el ni =4

- Yg=y o dasi a5

T aan die o Janin .0 > 00 -6
il Sy Yy Jonens 4t 52 L) L) e Balsal) il (g5less Jlaial (SIg oanl sl (he e Uil alginee
Faai )l alel (sl Jaadl) oy ol dnlall gl I lieal) aiarlly fon Smitiall Joal) st s oo S
Lintusaari,Gutmann,Dutta, Kaski, Corander, ) (Wang,etal,2020)¢ (La@ll b llua) ABC (i)l
(2017
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(A&l b @llus) ABC (2l A lss ~2-3-2-6-2
rejection ABC (approximate Bayesian computation) algorithm
dealy it 40l 308 Ll bl ae Balgall 2l (goluts Tyl (Sl (22l ajsill (e e (ab)ll dua))lsa Al
€2 cua D(¥p,y) S € A byl Y 4iisd) Y = y Gaaplsall 8 Joadl) Jlne Joes Llae b g3l
Oe Balge iy o deani Y Ll 13g05 8a0gall llall 5 o liad) Gy R uldl dileall s D 50
tgall il i @i (e Balse a Laily (saed) aigill
mp,e(0ly) x P(D(Yg,y) < €)n(e)
¢ gl asill (e Al Bpnyd b e Juanin D(Yg,y) < € Gl gais Loyl daleall (g2l ajs3 52 (53
sAdull clghadl) b daay el 05
A=1,2,...T dal e adld) clshall 5 < -1
403 alghall S -2
T(0) 8 Jais) aysi (e B A A} -3
{ Yi=M(0,X)) ziss 00 Vg dad ouns 4
-D(Ygy) <€ o dani a5
Lintusaari,Gutmann,Dutta, Kaski, ) (Wang,etal,2020)cT aass die e duasin .0 > 0O -6
.(Corander, 2017
sdagiial) dajlsddl —3-3-2-6-2
ylaline A dulica el clajia y; = (1) 7 5 Swlad bl (X;,y,);0 = 1,2, ..,n Wl (o
AU AL ey bl Sdal) Uadll ae Sl Jladll 73 5ai
Y, =M(a,e,X;) =Ay + A X1 + AyXip + -+ Ay Xim + E;
OSds A = (), €)73) = 0,1,2, ..., m $lalie dnlein Lhe dylua dacl cBlebedll Cum
0l 3l meie addi dpluall el chlinly S)e e = [eg, eq, -, ] s @ = [, g, e, ]
sl Wl S 15(€), 1 (@) 3 Jlis) gis Legie IS Olilsde Ohiice s @ o Gajiie e
A A (e el aysil) 2ags Chaliall Y = [y, Yy, o, Y]t Cus (@, €]y) sand
n(a, ely) < l(a, e, y)m (@) (e)
Colalae il b dongie o adia Do o388 il L bles La)lsd e s La)lsd mod DA e
lelaty AulCy) AU len K3 Y ol (i€ il Cpgls dafiball L) lsd Gubt vie luial) 73sal
5ane daliiie Cilajsi Ll Gl Jal e Al bl st Wity dall b Glles Lae) lsd Lialadiu
Ge 23 4805 o8 ef Cus i ~U(0,kef) ;) = 0,1,2, ..., m Shall 5 L) e J9 Al clslSay s
a3 Al ad @f s g~ U () — €, @ +ef) SShall il misip cange oo k5 5K @bl Pla
t ) J<all dadall A leadl lghad 505 (Gruall Cilanyall Aok DA (e
Zeng dah DA e Shdl @@ —1
Tanaka i,k Pla (e i) e@ s -2
t=1,2,..,T Jda) e Ll clghadll < -3
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o e® = [eét),eft), ___,er(rf)] ol e=[ey e .. 0p] Al Aed g 4
teb WS ABC (bl daajlss alassul g (efa ™™, y, x)

C b clphdll ) <5 (a

ei~U(0,ke{ ™) 5j = 0,1,..,m s Llan) Soss e €75j = 01, m o) 25} (b

(

(

{ Vg0 = M@, e, X)) 2350 0 V-1 o0 Fad s (C

?=1%D(Yile(t)la(t—1):yi) S€ e dai s (d

m,(ale®,y,x) o a® = [a(()t),af), ...,a,(,?] oSy @ = [ag, Ay, oory Q] Acladll e Mg =5
ABC (=8l du0))lsa alasiuly
C b clghdll ) <5 (a
g~U(af T =P TV 4 s s i oe @i =01,.,m a8 ds ) (b
ej(t)) ;j=01,..,m

{ Yo a0 = M(€),X;) gisai o Yo g0 dad cani (C

?:1%D(Yi,e(t),a(t),yl') S€ Godani s (d
Mp,e(€ @ly) il il misll o 35l T pans 3 (e, @) = (e, a®) (6
Leatidy Asllaall cipas o Jyeanll 5algal) Aial) Jacssie Liahadiunls 5algal) Aiad) DA (e ol amgi I3 ey
Salsall iy claalial Gu DAY bl xS Diamond dilse Jasie
Alle 53 Ll luealls Lugyaall alghall Adlptie 38k 1 b ol base Da 2388 Aa i) e sl DS 00
all Clasal) 5 RS agia G Sl B Aol Sy 550 e
uadly by e Bkl & e Balpe by DA (e dagiial daaylsal) Ladl s
bl cuilad) -3
gases LilSaY) @b pe lgui)liey daxdly Cllng salge Clly o da iRl due))leall Hloa¥lh L acdll 13 &
.Zeng zisai (gyrall Glasall Gy H = 0 G jiall Ladlall 331 aall 5 1SLG
Xy, Xp~N(21) clays L) Jaal cibsie DB aaiialy ol Jball jlai) z3sall sl & 0106
s X1, Xp, X3, By a8 2 (¢) Slaiall 5Shall Laagls E;~N(0,1) (lsdal) Uaally X3~N(4,1)
A0 Al Sl

¢ = 2X;, + 3X, + 2X; + E;

1i~N(41) @5 oo bads & ahlay)
: lall Jpand) 3 LS il il
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Balgal) Ll (1) by Jgand)
X3 X2 X1 Yl = (Ci'ri)T
4.264610 3.8845276 1.73805889 |[(22.80725, 3.366877)

1.896503 2.9135196 3.61841889 |(18.71452, 3.421943);

4.850253 1.9874969 1.08033228 |(16.91136, 3.617333);

2.868136 3.0128176 0.48396665 [(16.09859, 4.506642);

2.983301 1.1436337 2.02799804 |(14.58889, 4.795787);

3.307440 2.4561162 3.45999798 |(20.38313, 6.382205);

4.302351 -0.3221226 2.04982068 |(11.37544, 3.647870)

4.225561 2.3508017 4.48175769 |(24.03057, 4.607913);

O | || NN || W[N|—=|D>

2.83081 0.7344797 1.42281158 |(12.46551, 4.550187);

6.264924 -0.1397076 0.04866684 ((13.64247, 4.704391);|10

3.092505 | 0.3676157 1.218161  ((10.31607, 5.028792),|11
3.036732 2.218747 1.995732  |(16.82465, 4.015910),|12
2.035748 | 2.1607081 1.674776  |(14.36478, 3.725369);|13
4.9919 2.3732137 3.561849  |(24.66938, 1.773772);|14
5.003484 | -0.2233581 1.60289 (12.14366, 4.709382);|15
5.167166 | 2.6226804 2.981529  [(23.58879, 3.471180);|16
4.297939 3.1072833 2.729842 (24.30680,5.094771), |17
4.926146 1.1761818 2.816123  [(19.12939, 3.424199);|18
3.99903 3.2737475 2.709298  [(22.43574, 3.099474);|19
3.233092 0.570221 2.341204  [(11.94261, 2.233733);|20

R Laapd) 5l Lo Talaie) Gaald) dlae) oyt jteaal
& ay (ZeNng zigad) auall Glayall @k g (Tanaka zisad) 4ulSay) Gihh aladiuly cilokall alag) 2
Bass e aSall dal (e Cpdie s Ao AlEVL 5 10 pans Aie dal 0o Yl da ikl L) ) ks
il e eV (GOF)aedtull sasal (ebite aladiad & daladl 3ihha G 45)kall (mjns Aoyl S 6l
:(Wang,Zhang,Mei,2007) « L LS <yx3 2l Diamond

n
1
GOF = ZZ(Cl — L=+ 1)+ (c1 — ) (27)
=
+(o+r—c— 1)
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Oe el GLall ARl s ki G o(dfilan) vy ) R Aol Gl i malin LS Pls e el
o ofalll 58 e L Packages aiall cew b ada <O oda adadi 2 Gumy clibad) Jilas Slblee
.(2013 «Cotton) ZuelSY) eV laall 8 lgahatnias) il sals (531 5! AaEA alyll sk
pas dal 0o € =3.75 510 due ann dal o € = 3.1 53 aad) Lerdiad ds kel e ylealll Gadss vie
s Jpanlls il calSy opallall 3 T = 20000 LS55 20 die

Balgall libud) o ludal) g igai allaa i A dardisal) (G (Gadal il 1(2) ad) Jgaad
n A A, A Ay GOF n
Tanaka |(1.66,0.24)7 |(2.34,0.12)|(1.63,0.61)1 | (3.46,3.13)1 6.886098
Zeng |(1.78,0.05)7| (2.47,0); [(1.63,0.005)4 (2.72,4.33)7| 3.083984 |10
el #3908 (1.73,0.058) 7 | (2.57,0.02)7 | (1.66,0.09)r | (2.53,3.89)r 2.775453
LY | (1.85,0.13)7| (2.99,0)r |(1.38,0.31); | (2.08,4.95), 11.99794
Zeng (1.9,0)7 (2.81,0); | (1.68,0); | (1.33,4.01); 3.739739 |20
= ikall =3541(1.93,0.004)7/(2.84,0.003) 7/(1.74,0.003) 7| (1.11,3.97) 3.69926

R Lsapl) 5l cilajia Lo Talaie) dala) dae) ¢t jhaal)

@hb b EDUle (o sral da gl due)yleal) o sadiadll il 3 GOF a8 o (2) 4y Jsaa) e 2aadls
20 510 pifide Ll ava Jaf (e (greall Slanyall 35y LSy
:(Apadly lily)2 b
Glelad) 2205 (X)) sed 3 W cclayid) () sl sl mll GDP (sl bl Liardiu
oA J9 LS g alaid) Ge %5 s wan Y = (6, 11)r bl clajaa)l clSay LU (A (X;)
:(Lee, Tanaka, 1999) ¢ It Joaall & ciliball 5 5laliie ditia dulaca slae] Clajaall of Gl & LS,
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AleaY) adll zUll GDP Gusdlsh) il (3) ad) Jgad

Jaal Cplalad) dae GDP n
Xq X5 Y = ()T
102.5 137 (124.5,6.225); 1
103.5 138.1 (129.4,6.470); 2
104.8 141.5 (135.1,6.755); 3
106.1 144.8 (142.3,7.115); 4
107.5 148.1 (150.1,7.505); 5
108.7 146 (154.3,7.715); 6
109.5 148.8 (159.2,7.960); 7
110.7. 151 (164.0,8.200), 3
112.5 151.4 (167.9,8.395); 9
113.2 153.7 (174.4,8.720); 10
114 155.6 (182.1,9.105); 11
114.9 158.8 (187.4,9.370); 12
116 161.9 (195.2,9.760); 13
118 166.1 (207.3,10.365); 14
120.3 169.1 (217.3,10.865); 15
122.6 173 (228.3,11.415); |16
125 176 (237.0,11.850); |17
126.3 174.8 (239.4,11.970); 18

(Lee, Tanaka, 1999) : juaall
o5 (Zeng zisal) (rrall lasyall 3hk 5 (1KLL 7 35a5) Ay @ik aladials Al Lnluall Alleall by,
Jyaalls @il cilSy T = 20000 duaplsall iS55 € = 8.8 (5a¥) an Lhaadiad dajikal) e sall Gl o
%;td\
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daadly bl o lal) £isal allae jad (3 Lasdial) Gkl (bt il (4) o8y Jgaal
n A Ay Ao GOF
Tanaka | (2.27,0); | (1.6,0.07)7 | (—328.88,0)r 18.38411
Zeng (2.17,0); [(1.68,0.56)7| (—330.6,0)7 8.814696
ool #3543(2.3,0.0001)£{(1.61,0.057) 7/ (—333.94,0.003) 7|  8.289659
R Laapl) 5l cilajia Ao Talaie) ald) ae) ¢t yhaall
b (b DUl e Jaal Aol L)l o sldie b @il 8 GOF ad of (4) o) dsaadl e Jasdls
c@rall Glanall 3k s Al
:Gluagilly clatinugy -4
Conclusions :clatiiNI-1-4
Ghhs Ay ik alaiial slaall hall jlaail) #isa alles chtie e Jyaand) &5 s Lo e ol
Clily o Gulall 8 8 e Bl Coglul alasiuly il 25y Lol s ds il dae) lsally (Grall Cilasyall
Al il Y Sy (DA (e Ulagis Al
Clun) Ladall Culldl) e adiny ¥ slucall Jlasi¥) 3l ool Lnne Sla da ikl 200 ylsa caesi (1
bl duagyaal) Jalhal) ddlsdie 3ah (1 il b eie o aar J (AbsaY)
pl) (b)Y Pa (e (rrall Dlanyall Gilhhag Al Gk (o Gl s sial) Loa lsall Gaas (2
< Shally SN (e JSI A50Y)
il LS a1 Faeg el pleall aeatl) o Aasdle pe AglSY) Al (g0 Ja Do A ikl Baelal a3 (3
b Leadial alall Gadaill vie AN ol douss a5 828 € A S 1) uSallyy Jodll das Jig € Ao
il i e Ulang (gl clanall @bl slaal e 408
G lebls A el e ral ds k) duelall e aldiel @l 8 GOF ad o gl e iy (4
aadly il aladiad e 5l Balge il alasiul die el cGreall eyl 3k 40K 3k
Recommendations :&iluagili-2-4
. Tanaka diyl 5 Zeng 4k (e bl il el L35S dasiaall La0) lsall pladinls agi (o Lae —1
52 Om el ol Awlacall Ll CEAY) QAR Banas e aladtials dagial Laj Al Guliy as =2
s Jbee Glo Jsanll julae
aagds Ll Glayg aladiuly ds kel Lae) lsa) Gl =3
Aahd Y Ayl lasil o3l Sla pail da kel 4ae) lgal) asexs —4
Al Al 4k Ayl dael E e Jal (e dua) leal) Guls =5
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