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(1.4) 58l & ol (uilad die 4plSall 4wy ddsiiad) 735l dalall clial 58y
Ay claal iyl
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Sies Jsia yral @llisy positive definite Lase bassa ()58 o™ ’e™n ol olly
> 5« eigenvalue

(OB (17) Aabae A (e

= argminE(y, e e™n'H, (1)e™Mne™Wny, ) ...(18)
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—|—J§ ET(E_TD My g(@—ag)Wn' gTMy  oTMp gla—ag)Wn E—TDMH) o (19J
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sty o) sl e gaal &5 13) (S8ay Ganaidill da il o)

i — lim n71(X,B,) el @Wn g™ H, (T)e"Mnela-a0Wny B,

n—o
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and @ # a, (is nonsingular)
ii — lim n—ltT(E—TOMn'E{a—aD]Wn'ETMn'E,TMn e{a—aD]WnE_—TDMn)
Fl—+CD
=1 for anyy # %
ALY Laall B 5 lal) duald il o 6 ladie dag il aaf (38a% die g
i Qu(6) — Qu(6) = 0 - (20)
S Ay Jici Q,(8) 5 Al willy dp & alie V) GIGY) Al o Q,(8) o) 3
SIS 5 Cilabeall 3 paial) adlly (g sl aay dgus 5K alic )
~ n 1 .
Q.(0)= —Ezn@n&?)—ﬁeﬂeﬂ ..(21)
g
P e e Jgpaall o4 cilalaall i (Asymptotic distribution) (oSl &) sl W
oshl Alubaal 3WisY) Gulaiy (Central Limit Theorem) (CLT) 4S el asll 4y yas
()5 i & Gailiad @lliad ¢ il o3 5 (B Abiall Ledl _5‘9;;9“3 = 0 L_all (Taylor)
[12]
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Aa el 48kl s sl Alulidie 48 )k 10 Hhy Lebua &5 28 MESS 4ulSal 4puY)
alisl) GsaY) 48k aladiuly (MESS) gisall @ijbal (RMSE) s ome (1) Jssa
diyhally el Aladuda (389 4y guna AilSall 4l 4 ghuaal) Ladic 3 (QML) dawglSl)

da jaal)
n 35 77 150

. L | . | QML | QML | QML | QML | QML | QML
Taylor | Suggest | Taylor | Suggest | Taylor | Suggest

-1 | -1 |13.8229 | 3.4453 | 6.5011 | 2.6530 | 7.5733 | 2.8556

0'5 -1 | 16.4068 | 2.7269 | 6.6054 | 3.4938 |5.8496 | 2.3626

05| -1 | 46007 | 2.0929 | 3.2727 | 2.9548 | 2.4499 | 2.8957

1 | -1 |10.3489| 2.1803 | 5.8342 | 3.6800 | 2.0001 | 2.4891

-1 0'5 15.1278 | 2.8023 | 12.6022 | 3.8659 |8.9730 | 2.1162

0'5 0'5 10.7305 | 2.2855 | 8.9699 | 3.4395 |5.9873 | 2.0789

0.5 0'5 14.4111 | 2.2616 | 8.8999 | 3.0861 | 2.7003 | 2.8862

051 1| 5 |21.7129 | 20512 | 7.5042 | 3.0708 | 2.3286 | 2.1551
-1 | 0.5|17.2815| 2.1767 | 12.0170 | 3.3802 | 8.5914 | 2.1006

0'5 0.5]14.3455| 2.5310 | 16.2359 | 3.1747 | 6.2922 | 2.1291
0.5]0.5(31.3273| 2.3614 |17.8173 | 2.4432 | 3.5771 | 2.3351

1 105154012 | 2.7811 | 21.1213 | 2.8064 | 2.9368 | 2.4361

-1 | 1 [30.1263 | 2.6361 | 21.7002 | 3.9400 | 8.8988 | 2.1665

0'5 1 |27.6941 | 2.3968 | 17.4244 | 3.4176 | 6.6004 | 3.0709

05| 1 |28.8042| 2.6473 | 14.6633 | 2.7356 | 4.2556 | 2.3066

1 | 1 |28.5855| 2.4990 | 25.8044 | 3.0581 | 4.2587 | 2.9596

-1 | -1 |12.7905 | 4.4908 | 8.2706 | 2.8030 | 7.5175| 1.7375

2 0_5 -1 111.2387 | 9.2209 | 6.5728 | 2.8038 | 5.5757 | 1.5013
05| -1 [14.9844 | 3.2004 | 5.6838 | 3.6687 | 3.6123 | 0.6603
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1 | -1 (129875 | 2.7833 | 10.3791 | 2.9544 | 3.7477 | 1.0080

-1 05 11.6010 | 3.2610 | 8.2198 | 0.8771 | 7.5132 | 1.2579

0505

0.5 05 8.5060 | 5.5818 | 7.2930 | 1.9681 | 3.6930 | 3.2304

1 05 12.5541 | 9.0740 | 9.2229 | 5.1210 | 3.7891 | 1.8765

-1 10.5] 9.0381 | 7.2482 | 8.1223 | 4.7380 | 8.8530 | 1.6317
0.5 | 8.7882 | 3.0304 | 8.4189 | 3.8395 | 5.6401 | 3.0616

0.5|0.5| 9.0873 | 45662 | 8.6481 | 0.9197 | 3.5195 | 1.6082
1 10.5|23.0155| 4.9610 | 9.4587 | 3.4599 | 4.1684 | 1.2133

10.4194 | 3.2393 | 7.1968 | 0.7452 | 5.3048 | 0.5881

-1 | 1 | 7.3103 | 8.8926 | 7.1125 | 0.8393 | 8.6138 | 1.8855
0_5 1 | 8.7638 | 5.77/01 | 7.6714 | 0.6784 | 5.3620 | 0.5176
05| 1 |14.9040| 5.7669 | 12.5016 | 1.8998 | 4.1419 | 1.7792

1 | 1 |10.6561| 6.2777 | 10.7077 | 1.6163 | 4.2568 | 1.7422
a8 da yiial) 44y phall 188 4 gune 4lSall Y] 4 ghiaall Ladie 5 (1) Jslaadl il Taui
L) A ghiadl Clua e sV Al & jie (RMSE) ) Cus (e zilis Juadl clae
sie 5 (RMSE) J1 i (e lis G o (QML) o 355 ¢y 55 & jla (385 3518
Sl o saa aes

«_\La..a)c.la.;.n}uo)l;?.ﬁu\ lSladll uJ\A.Id.dmmcm\C_mu(l) d)h‘ssc_t\_ul\ AL
48 shaal) e G 35,8l die 5 i) (aliddl g Al aaa a3l die J8 (RMSE) Waal
el oaain) (Sa da jinal) A5y Jlall g ) oL 46 Ll e o dalSall Ay

Lan &N alae V) S A3k o) (1) s> A (e a8 (150 77 ¢35) due ana die -]
ﬁwwM\@u)M\m)um}mN\u\SA\ Ay A8 shaal) 23 gail il
u.a\_u LE}’-'-M e J}Lb Aliia M.UJ:J \ASJ MM\ M\SAJ\ 4.\.»:‘}[\ MM\ CJ}AJ‘ J.ms.d
(a,T =—1,-0.5,0.5,1) L&l cldaall 411l ad 5 (2 <0.5)

Conclusions «laliiiuil 9
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Abstract

Spatial models have been of great importance in the study of spatial
relationships and economic and geographical phenomena. As a result of this
importance, researchers have highlighted the development of spatial data
modeling in accordance with the foundations and assumptions of those
models, and their use has spread in many fields and applications.

One of the widely used spatial models is the Spatial Autoregressive (SAR)
model, but one of the shortcomings of this model is that it requires the
availability of its own conditions and assumptions and restrictions on its
parameters to achieve stability, so the described as The Matrix Exponential
Spatial Specification Model (MESS) appeared that exceeds the restrictions.
imposed, which is characterized by constructing a matrix of spatial
adjacencies in the form of an exponential matrix. A new method was
proposed to improve prediction accuracy by using a mechanism to calculate
the matrix of exponential spatial weights called (the spectral analysis
method). The matrix of spatial exponential weights was also calculated based
on two methods (the Taylor series method). (And the Suggested method).
The model parameters were estimated using the Quasi-Maximum likelihood
(QML) method. Simulations were performed for three sample sizes (35, 75,
150). A program was designed in the R programming language to calculate
the exponential matrix and estimate the model parameters. The results
showed When using the exponential matrix spatial according to the
Suggested method, it is the best for all sample sizes and different levels of
variance compared to the Taylor series method.

Keyword:

Matrix Exponential Spatial, Quasi-Maximum likelihood, Suggested
optimization mechanism, Diagonalization property, Eigen Vectors.

December (2024) Jo¥ 9l Ao i A s e
78


mailto:dr.suhadali@uomustansiriyah.edu.iq
mailto:dr.suhadali@uomustansiriyah.edu.iq
mailto:ameenhusseinh94@gmail.com
mailto:ameenhusseinh94@gmail.com

