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\. Genetic Algorithm
Y. Simulated Annealing
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\. Gradient Descent
Y. Deep Learning
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\. Mini-Batch
Y. Adam Optimizer

O3 il ols (Gons pmae 85 53 48 Al anils
AS ol S sl S Lt | (e A il e
Alesds Sl e sl gl el s 40 lg polis
2 3 el 3001 AS (o b Jlasl (gl AL 4l
2313 s olowg Y S5l Lel sl Sl oK
oS 3 L3 sl ol 4 Lo slasls b s
S L Ol o |y Ut s caloln (63551 dslms U sk
S) —QSM, s el (5550 o 5 Sl b ol (55
2 aS il oSl e bl Ol aidis Minax 0F 3
ez 4 (F) ol Sl sl U (&S ulo] 155 o e
s s 5 055 S s Sl o loms (sl Ol 3l 5 3,50
G oml G LRea bl sl 3 epl s S ASlol | abys e
b aalsl g i K
Jisiml (Gpos s 35 Gy Sl ilS 31 S
g Lol S Sl e 5L L Al
3L omen 5 el ladleln gl 550l oS (slaesls
s ol ot Jla (800 gl sl 00
PSon 505 Y Glal ol g S Al e 213
T 005 1y g (s GVl S 5 65 S sl
Glad (Sonaar s boandl anils 1) 6530 0 a8 b
55,5 a3 L e ol saailile (ol (Sas sl
P L e SISl b i 2505 B0 S
ol S a5 Olaabl gl 05 el 4SS 6l 3L
ASms S5l S (53555 Bped (550 31 3l ool s

o LAl S Aas o | OISl () & 1S e eslin

Archive of SID.ir



Archive of SID.ir

V4

oedle 6255k iy 18 sl i 50 slerm

YSJMQY“ .u?

Wax(uxt)

Bixwxi) | _ff

2908 &Y Sy
X = [X]yxn

Sixuxt) = [Sxr Sy, Szl

sy
3

.&)\ﬂk}:{dl&}\é)q?L%é)})}éuob‘épww&mﬁcjk.rp

-0.6 5
—— System Energy :
061 | AL e Min-Energy 45
0 e Alpha (Learning Rate) ; 1
-0.63 V 35
-0.64 3
w -0.65 25 8

-0.66 2
-0.67 1.5
068 e 1
-0.69 0.5

0.7 0

0 10 20 30 40

50

60 70 80 90

a5k

wlob e S i 3 a1y 655k 5 sl STl
Fm e Se e L Ul aals S o bse S
Sl 4 Qe A e 3l wlele OF il 5 (Solus 6 ,8sb
Lo el glad SO a5 odd pob ndse deS
A 53 S aas e OB s 38 e S ol 65
S dms o |y o3l cpl Wlale 4y o Sealus S5k #5058 S
Fm S S cs Gl AL L gl
S 6,5 b aalsl s S Ty ccnl ol 6,85k

2l (waljp- CMpJSJ;;fQL:;);-Lb 6:%5&&»

ad gl as e ()
Mo s Wiy 053 omisle « X 3503 msle 1z
SN sy b s Il g a5 LBy s
Slel LN (6o, gl oddats S 1o 3 glad sad sldes
saldel S Shas il S5 LB Wpd e s ldde ol
S T 5 S0le S (6 5b sl ol SalS e 4 Sk

S S s Gl Ll 2 L el cnl eeas e 03l
s ASd 55 IS S ool S5l £ sl
L e o=l oo Al adls a5 555 e eslinal Ges
F bl Aol (S des s 4 Gl 16 0 S 5
Sal LS as o3l dlilw 4 b bl 2als (5,850
2348l 3B 55 s IS S oS Sl
Sl 585 S0k 5 sl 85 B s ol
534S 53b Olar (pas 55 S o 553 IS eSS
Em AL s L 0155 o el s o3l 0L ¥ IS
Bl s 5 3,5 s e 2 511 ol 5,55l
i S ¥ S8 58 1 IS B s oS o i)
L esliinl 5550 s 805 (6500 Sl (gl o Voo
G5l s Sl gad ol C’éb S b Olea s o 0L
G etd Az 4 00 a0 3l (System_Energy) «lsL.
€S la 500 55,8 oS3 b ge iS55 wlele 5 AS
S ool ad> 6 ol 5 (Min_Energy) sascsl g5 5l

Archive of SID.ir



Archive of SID.ir

Y led Y d

t)b' ;n..a.\w"s)bs J}.») Lo)‘.\..& YAo

22 (WLB) 6,85 sla bl () pos as e j5kiS

g e e 3 ST Jails Sl el 5,

dY
AY) = A 0 g
W W dYy
n )=7v-n§_,)+(~—m<—dwt)‘,
S A" w) _ 7"
\_7\t dY\_7$ (\o)
pt(B) :7\'pt(—9:)+(‘_7\)(d8 )
t
dY
) =0 +(\—%)(a)‘,
t
(8) (8)
(8) (8)
p =B n =
V= ‘=%

035 3iS 5 0Ll S Ldpel b ulis s S s
SASL lad>= e a5 1, ST Soblat 5t 0SS

Al 1y 6 ,S5L sla eyl Ol o <V o) il Sl eslizl

p(W)
Wi :Wt\—a(\/(T—)X

U (B)+5 (O))
B =8, ~a( L)

n +0

JMSCJ»A.gé;J;QlTMw);L;;tﬁé)L;\ﬂAScMI

1655k 5 sbg sl (3)

i L Ol e el Slelis S (ghatimd Jal il
Sl wbla s bty wlal 2 6,850 5 sbs
25 553 o sraS 5o 0db

Plah =, RZ (o)
P(al)=] Ae<e
(Ol ) o AE>o!

CJ_’ AE=- Sl J_:'.f';j dj)'." )(Jj,a 4>'L3L‘>‘:- ‘«b{‘) O—:\ s
T rdse S bl Bl o 5 ol S5l

A el zio 6,850 Ce il

9ot W0 ()

G o il G SO S 4 Olea
O 53 62555 Blaas sas aen ORIl b 4 S
Sl 5358 St (ol &) o 4 (R) 50l sluas
S0l (oLl laas ol i (355 B &b dosles
b aSs 5 Wl 51 ST e(0) il b ills 553 o0
oSl Lol o 5 058 Al 03 S Ul m 2 2
1001 aS i b Jlesl 6l L e s @ oy s
sl 1Y Sl T il Sl oKl A s el
Sl wlas b o glajls L5 Wgd eesls e
Gl el s 4 T w0 b e (6551 sl s
e ST Ol o T ol il S LS Sl
P B Sl Oles 53 g 8 3 5 258 Sl
51 O 3l eslizad b Ol e 1y bl Jlazs| . dile
Ol 5 Lilea (Spew) Ldr b 5 (Soia) w8 o~
S

A& = Enew —&old »

° \4
P(Soid _>Snew)={\ A s v

o Ag>e
9059 ‘_;\Amjb ‘_;L&J.‘.'.Ab\g: C)&"" 9 Uas JL.’&JJ‘W: (C)
:("J P90 4 ok s

5ol Gl bl 51 o ot U S i

J;%ﬂﬂ)wwd‘j@b ol s 9 O
LxL

dY dYdedS v VYA
oW dedsaw TR Aawe e | X QMixX,
=
LxL
dY dYydedS v VA
B " dodsds R Gawet et X2 QMixX,

1=

)
QT )J 45
R
|
Enet :Ezg(srx € target = ~QSM max » @)
r=)

Y
Y =| &net “étarget |

j(ﬁ)d)‘ uf))mdu)‘}f&q) z\_k;b)‘ a)l.ﬂ.'(.w‘l.i

Archive of SID.ir



Archive of SID.ir

YA\ oeibe 8L B, 1S Sl Jie 56 glesw

YZJLQ.J gY“ .u?

Sl mal 05l At Sl b bz OT L JBle 5
wlie oli boogdoe plaejsm Lld b (6551 &S
a5 Al lekd I a1 sl g b oS ol wly S
Jolpe S (e e S ) 5o 45 LSl il
Lo oml 0o s ol el s a5 B 50 ool (g ,56L
Ll 2l (655 Dl is Saal pldl sie w0 0d s
JSE 2T i) S g 1) IS des bl b bl &
S (80 e sl @S a3l Rl L (s 1 0
Gl BB job w0 ey 3l olg el Rl 4 Gl
b Rl
s oo L U5 e S oS IS sl L
o aalsl 305 S 1ag 1y ebliie glasibole LU Sl (Gras
Llaenr 5 Sleer S inle Jie SIS 56 Glosws dalllas

CA}\J_).:v.:.é‘fd)y)b?&l)@;f&lf}}}d)‘

o s S inb Jde (SKedS 50 glaw N LY
Ss gode oy 5l eslimal bodel s w0 sl il)]
P RS e SRl L S s e UL Gees e
ol Sl 5 bl 3l 8, <26 35 il
oLl o Bl sla ol ol il ol s oS
(i 1 il 8 JS0) Liles S (6 S g (3500l 50
JOBNIETUANS =% P TSR CC NIRRT WA F
Sy s (SIS L Sl oS s e Ol Sl
i Uy Bl e Jls a8 il S35 LB ol Sl
132 o oS O3l 43 s 51 gL sS s a

- - c
@Mﬂuldjc Q\)Jd‘qincid—G )):.-u T

\

Lk blis o b o] >— il 4 uoeen A
("Av_‘”“b (’_}“‘ v S
)'L_‘.B)J “:“-"‘")L'\—’L.’. q:(°,ﬂ') L,’_ q=(7Z',°) C)_a)‘bj:
W‘JT‘M.}Q’)QSM‘)J')jJ"’:LL‘M}JBQ)}"‘M&J‘

(o L 2 F U588 dls bl 50,

Ll b e pals ad 5,850 FAAE<e e kS

S5 Sl 15 ()

L3 LSS Al G50 e cmps Gl Ll 4 O
Pkl A s sl Sl S U

250 Ken S LS Jluie b Jb- 4 sl @

D3 eS el pens Bl A 5l et Ol s @

g e ol et Bl 680l LSS e slaas @

b ¥
Gmra s Kt gy ) ealiil Uy Izl (s ol
Sosi Y As 5 e 00 S pls Je bt
Lél—"(v“-:)ji” oo b aglie )3 e 5 @S e aalllas
s gl Goes ae K0 s Glao e 4 IS
R O O = oL R

S il Jae (S 55 Gl dalllan s S cpl 31 |3
du@gwbcﬁj\zmwx{fﬁt_&p;)d)l;{w
o5l e oS e o 5 dy F e e 0SS
oS e LI LPEX T 5 YYXTY FXV 8 a0 12
Ol oo ¢ S (6551 aaS b pmebline Ll 4 el b 6l
5 ey i sl 53 1y Sl 4 by el 2T
ol 00 0315 QL O ISt Jsl sy w53 4S54 Olaa
U S5l Jol e il e (i sLadd 55 el Sl
‘_JJ._A6lﬂ(J}TQP)&L€_}W\J§lj@QMQ;}3
YYXYY 12XV ol laeslll b e e 455 S upla
S5 e sl oS Gley el bliie s 35L FEXSY
5 Al e Bl Ol ézj}@;fw‘wﬁtul sde
Ml G0 50) rabolitn haly 5 s 03 el (5101
(Il l (gl ool s @ e oS el S LB 555 e
IY0] 3505 oS Slgsan L3 b, L

iaS (bl Blolww CiS Ol y5 e ad e il 3

I3 a8 el gla T gl il 03 S Iag 1, 31 IS

Archive of SID.ir



Archive of SID.ir

\’Z)ug\'\’dl? &,l,'wm,‘_;,ts‘;‘,ﬂ,u)l.p YAY

1
() Epoch ( 100 Iteratmn)

200
() Epoch (100 Iteration)
1 20 500
Epoch (100 Iteratlon)
(&)
Lo 10 T T T T Lo T
—— Mean_Batch_Energy —— Mean_Batch_Energy
—— Hest_Energy —— Hest_Hnergy
0.5 05 §- 100 — 0.5 h-1.00
12 = 0.0 1 - 0.0
0o 0.0 Min Energy = -2.00000000000000 | 0o Mun Energy = -2.00000000000000
z 0.7 -0 z 0.5
=) = =)
—1.0 — -1.0 —1.0
N (&) ()
-2.0 =20 : : -2.0
100 200 300 400 S00 6500 700 200 400 600 800 1000 1200 1400 1600 10 20 a0 40
Epech Dpoch Tpuch

3 YYXYY () A XVE (G 01 L e 3 5l sl 5SS ol il & J, =0 s el 2T (5l 0 K3
330 SlS oSS, adsl 6,5k ol s das o (iled i (gl 55 |y el Siled s ISK2 ol s gt S, SE X SY )
s B S Bl (Sl e I Ll o el (RT3 s S 8 e Sl n e B0 Lol
Lo el SSLLas e sline ) b S sladaly ol st I sy dw 21 Oyt 534S 55k Olen S o Ty eabliie s 35L al)]
(2) 3101 Ly o 8 (sl 653 e e (S350 e s i (b 3 oa il SelS s (5,5 gr L

FEXEE(2) 5 YYXYY (&) \#x)\#

Slaelss s 5L LIS L, :% Sl a5 0 e sl Sl (550 e A e Rl 5 il D= (65
A< b ')J)Cr—w‘-]aﬁ'-r-ﬁj blixey sl 22 ‘]r J‘@i’ud)—;"“—!u—*ﬁfw%ﬁwgﬁsﬂu

g \ Z_Qfdz_.iﬂjbj‘,_e-}nui;:ﬁ.w‘oﬁubbwvtjg
Jsl 45,6 31,108 sas Ol J,=; sl 5,50 Jsl ag ,e

Archive of SID.ir



Archive of SID.ir

YAY

oedle 6255k iy 18 sl i 50 slerm

YZJMQV“ .u>.

@ (&)

()

i . . \ ‘oo i . e c . T
@&))j‘é}@\l{SJv>; (G)"]rZ% (g)‘\],<;(Jl)6l)\@ﬁf&zgﬁwgfﬁﬂugjmm\ﬁb\.?JSJ

0.0

el kel s & e

-0.2

-04

-0.6

-0.8

w -1.0

-1.2

-1.4

-1.6

0.05

0.04

0.03

=3
=1
N
d*E/df?

0.01

-1.8

= - ™ L} =+
=] =] S = =]

w
S

Iz

-0.01

o I @ ] =
5] = = =3 —

S5 oS T o L iy B eblanes ol
s oy o by e el sla LT ol dals
Do gas =l Vo 5 =0/ Y0 gl an o A
\ . of e :

Jy >; Sl 4l ol aols QLS = A 5 o A sla IS
Il ol 3 gl s s OLeSS (65,01 b el 20T
as V_ub B u_<.€¢_? o Slaldl 515 gl (gslas
IYP] 5 5s Ol a5, S5l Llg5 o 4y I

052055 Ly Goas 5,80k K5 18 Ayl ¥ ¥
odd (ilwand d 5 9 K3

&&&)}Q‘éu&))%wbﬁ)bwwd‘)b
S Py b GA) el gluans & 15 5 (GA) S35 ks

4S ol S5 B e sy A peblite (25 sl
:\i._;au::‘,))\ oJLﬁﬂn\bbJﬁTw)‘\.’&%Jb LSLQ:—«#
o b3 GOl aaeS 5 - Y gl S, LS el

LY0] 5,05 JolS (6,8 5le cotal s

Gos3 AY K S L nb Jde SIS 56 gloww Y. ¥
S s Jie SIS 35 slams ofs Asd il o
o 1 o3 Y E s 5 ol Bles 5 Sloes
o, S el gl Sl Lol S
A 8 e Jlald = (o) T on b eblaes ool
s b S O bl (6, S s L

.z \

Archive of SID.ir



Archive of SID.ir

Y led Y d

§ol5 L dezns 5 $OUS S gy LS Jls YAY

T

J, =035 ()

> = 0.1
Sy =e/ Vo @ Jy =2/ v0 (O) Jy=e/ V(W) Gl w0 g0 Y s 5 Sluer S o pla Jde ml&lj./\ﬁ.ﬁ

T
' — —L —0L
r 1 R .
v2s |1 G4 o2s | o 0.2 e GA
oso [, - osA 050 | - -sa 050 - -sn
\ L~ Epoch: 243 Ny e,
075 || v wors |5 £=-1.999995999099 83 075 N ey Fpoch: 1163
. . h N ", |£=-19999959171185
2100 .00 2100 |
£ [ I = ,
] z I =
Z2s Z 125 H EBRE i | Bpoch: 1033 D
h V| €=-199847832011258 )
. ' -y
150 150 1| Bpuch: 143 - 150 ! \ 2
1 Le= -1.99999999909997 X, ) — B
175 175 R 175 ) Epoch: 313 T K
[ - bo AE=-L999999999%9998 \
200 -200 200 | N oo TE
2.25 225 225
[ 20 40 &) B 100 1200 160 0 50 100 200 250 a0 350 ] 200 400 600 a00 1000 1200
Epach h Fpoch
o I oL DL
] y— o
sa I sa I A
0.00 0.50 100 150 200 250 300 0.0 50.00 150.00 20000 0.00 200.00 400.00 600.00 200.00 1000.00

(o ()

Exceution Time (min)

()

fw\.&a\bv_suf&_& fﬁjuJ,\.aJlSL,ﬁSu:JSl,\ﬁ‘_glfr)‘}(du);;,u)‘_;ﬁf;li‘}’-\fwj;djﬂ;;\J,x;d3...,.4[;“‘\JS.&

Doy s SA) el gl 4 i w5 5 (GA) K3 Lk LIS r.:wjfjl sla B,y sleslinal b \9X\9(C)) AXA(O) XY ()

el LS g 1y 3 IS eS s ilelis S 550 5L
oy Sl eslial Ly allo i 5 o sla S calales 35100
S reS et 5550 Joml e SlUml 3 Gres s 2
s gl S by ) A S &S - il
S e a8 i, oS ol ol Sl edel s
Srp kS g |y SIS L S el 5L s Sl 6L

Sols e,\.\i;"s&ud’z”}iﬁ:gw&jﬁ-#

S 4 0
S (Gee e SlasSd sl b 55 sk L
5 6 bl &l o e sl e 53t

Al e Bl Ll 53 o smas st 0L cnSls 6,88 oo

(DL) G 5,550 s

s (VL 3)) & IS 53 il DL) Gres 6550
FXF () Soglize glaoslbil b a e 803 abele (5,850
S Jy =0 ols Sl sl VXV () AXA (D) ¢
4 s amaleds esls Olis lg il ol 05 S
a lobw (5,51 2S5 o Jsb &5 Sl Dode (Gl —25))
b ol 03 S S e Ol 5 53 | Ses o olde o a8
03 75 10y 1y IS &aS ¢ sl Glali o5 5 S Lol Ol 55 oo
sl
S S UL pballe gl S cl ax g L6
G5 s s el A IS XY e S e
oS Sz oo el oo S ok bl bl 4 (G

i O3 K05 Shas 33 4y ol 305 3425 (5531 055

Archive of SID.ir



Archive of SID.ir

YAO oeibe 8L B, 1S Sl Jie 56 glesw

¥ iled YY A

St I, 5 L )l ol s e o3l cphol (5,850
&@)\@QQM@UUMQWQL;&‘J;SMM
Sl 45 b i o5b (6,500 5 bl b JS
2yt Sosp A JaS 4 (oS Sl Sl L il
alllas L 1) (olgiy Goos mae 8850 Sy 3 S8 Cms
S5s3IV Ad 5 e 805 Sles S iinle Jos
slasi mle b sdel s 4 =S S 3 S e
el S5l Sl ¢ JalSS z, S

M Seul and D Andelman, Science 267 (1995) 476.

G Carleo, et al., Rev. Mod. Phys. 91 (2019) 045002.
P Mehta, et al., Physics Reports 810 (2019) 1.
L Wang, Phys. Rev. B 94 (2016) 195105.

K Ch’ng, et al., Phys. Rev. X 7 (2017) 031038.
S J Wetzel, Phys. Rev. E 96 (2017) 022140.

©CoNoOR~LNE

P Ponte and R G Melko, Phys. Rev. B 96 (2017) 205146.
J Carrasquilla and R G Melko, Nat. Phys. 13 (2017) 431.

225 e
A5 b S oo S s e K0S gl el Ol e

@‘JLAW‘ b(cJLMmeu»j)w J}.
Olye 4 W5l es3555 0,5 Olgea sl s 53,5
sladvs | V"SJ‘ sslizal o o (5,5 5L (sl el b

ﬂ.}j_:f)lJJ g.;\-;)\)h;lslﬁ:msbééfjwéjf‘ﬂ\s
B .ﬁ‘m)j oalaul r\.)T J:)) )‘ wa é}w LAS :\.«:AS o9

EF Rk sl ol sl 38 ks gl s ol

aals

P Bogdan, E Jonckheere, and S Schirmer. Chaos, Solitons, & Fractals 103 (2017) 622.

10 K Ch’ng, N Vazquez, and E Khatami, Phys. Rev. E 97 (2018) 013306.

11. G Carleo and M Troyer, Science 355 (2017) 602.
12.Z Cai and J Liu, Phys. Rev. B 97 (2018) 035116.
13.J Carrasquilla, Adv. Phys. X 5 (2020) 1797528.

14.D L Deng, X Li, and S Das Sarma, Phys. Rev. X 7 (2017) 021021.
15.J Hermann, Z Schatzle, and F No“e, Nature Chem. 12 (2020) 891.

16. D Pfau, et al., Phys. Rev. Research 2 (2020) 033429.
17. T Vieijra, et al., Phys. Rev. Lett. 124 (2020) 097201.
18. K Liu, et al., Phys. Rev. Research 3 (2021) 023016.
19.N Rao, et al., arXiv: 2102.01103 (2021).

20.H 'Y Kwon, et al., Phys. Rev. B 99 (2019) 024423.
21.Y Zhang, et al., Nature 570 (2019) 484.

22. A Bohrdt, et al., Nature Phys. 15 (2019) 921.

23.J Schmidt, et al., Npj Comput. Mater. 5 (2019) 83.
24.D P Kingma and J L Ba, arXiv:1412.6980 (2014).

25.Z Mortazavizade, H Mosadeq, and M H Zare, Iran. J. Phys. Res. 20 (2020) 117.
26.M H Zare, F Fazileh, and F Shahbazi, Phys. Rev. B 87 (2013) 224416.

Archive of SID.ir



