* 2 &
YP-FY axdo  NF+Y pd golo 5 AVA W = aday Ao
s it A sios

Sl ding 480 dg—igy =i 5951 31 o laf
SOLl£3d L o (Silwdns gz Ol
=0 §lo 9 SIS 50 Sl

&9l Jbe e 975y wx>

Sl Lals oliils ¢ swaige 05,5 0aSLiils (e cwdigee 09,5

VEVVYY iy s VE ALY sl s s

LXVCY

am ohle ol bl oS e gilwan s L aS 0 dlpe Cmer (e o8 S (ROA) Gl (65l o ys5])
LU ooty oy &lad oyols oS o Uy ot o5l cml 0300 oo (6 )wdings o0z s (6l gy Olp> o8l
Lol S onimin b oS BLE (Hed B cbo g ooy L cl L8 ol @l sy bl as azrgi Ly (0 S
i b0l szt S i 55 ol 50 BLsST g gitne S bl sy Cgr S o ) (5lwaing dls
25,5 aloll slasigs (slacaes 5l ga—dge ! 48 0t alil g, (o980l ol gy s Joo 4 g, §f
bzl L o,had ol Bl bl s dolas bl ool ROA awgs (g5lwdigs 4o £9,-5 31 Jod i may .l oo
s8I acy sz o )5Sl U Cde (e ay Bl Bl (5 peS e a5 095 s 9, (slada Sl g 5 055 o0
& lwds dlis So $ilwdige G yb 3l ol lwaigy (LS el s TROA )L, (o5lwaige a8l o9
=80 iz L ol 0, Shee 5 0t (i leT (BLE 5 S0l 50 Glorw ©légd S o (55lmad) ome (cwdige ;0
5 S o= Kad ey a Sl L ccwl BLETROA a5 oo o i sl ol awglae so b asli b oS0l 8
oz Bl 10 ;5580 slaclzr 4 an pbiwod ;omie 3850 slajlwaig plow L dwlio 0, 50el)5 (pizen

o= 5k

J—= isdioo cael g, 0ll8 sl 5l
S 5l G5 90 (S9lS 0,85 b olas o 565
Cter ) b ooy S g wlou i a8 5 sl
DS (o il Oly e 58S oy
St Sl 38 (g ;30 Ly oSl (il 09 -l
s 4l ) sty odmzen Pls 31 5 s J>

doddo
9 9z Loy, cdiad ;08 (Sl fgualS arwg L
055> 5% odmzy Pl 3l (S n b e o
S Lo g, =l 5l (g 005 a sl —waige

Ol Jogmneit
hnouri_ir@yahoo.com Sy Sl ol
(DOI:10.22078/PR.2023.4953.3209) : Jtozus aulis



BN s 5 )5 oo

D38 joplo Cdbge Ly Al D35 a0 90 0
o=l o Gl s s 09— 45 o
a6l slae oSl 5l goll s slass o) yg0
el )b, Ly (elSs slaan T 5l sl Lo |,
902 ga— o=l )l Sl (il )3 S oo (e
sl Lad> ol e e )5l 3 slos So,
aead oo 4l S ezt el ladsgers 5l (5
slapm sl ol am oS Loy 580 0l §) (5
oS e g o 4Ll anas s (6, 80l1,8
ooV FT(ROA) (L o5l o oS!
s 0] (WOA) S ilwans
o, VFl (S08) cien slap—slS)|
SeSae 5 jlwaige LV V] (GWA) 6 s 5,5
s (i Siie—al [ VAL (SSO) (—clozs]
S b 0,5 oSN AT(TLBO) 6,50k
oo [TV (BA) slss oSl Y- (FA)
(BFO) Las ySk a5 (GSA) il S somi
) Sl o e (s3lwaige [T
IVE] (ABC) cgias Lo s —sls [YY] (BFO)
sl s 5l (S G ol o
St m o8l (i B s e (oSl
Semrte 6 lie sloul Ly 5 i oLl (ROA) L
5 Py =i )osd S Sl 8L b 0
Sl el a S a el oy 2 2t c LB L
6 S el (IROA) " 1, (6 5lstigy a3l 5o
Sl (8 L Sl ol o oSl ) o
olasi L g ROA 4 e S Sboj jo g s
oz Pl 5l (5 Slsz 4 1268 Ly NFE
=0l =l (e 5l ey ol S il

ooz s Al S a5 08 oISl 3
3 Qlosw Slfgd e S > ay by e (g5l
gty ot ysSdl (! Sl ool Ly S5 ile o SIS

1. New Generation
2. Improved Rain Optimization Algorithm

e Ogago fv:;%)gﬂ1 31 oolaz!

i SLagn fpS )3 (2l Cnl - Ses vz 0
sboapi o8l sl Wod (o azlge JStne Lo
o3lgan S VL Sl pothe S ()l
ol 1y o=l sl ol (gl ool il 5,5
b Jo 6l Lot )0l l ojg el 5 ans o
g oo o3l (g3l Pl 5| g
J> sl ol Sl b sy 5 1,5
Gl Wl 43§ IS Jo Sl é JSls
Lol as ol ol 4o Lo s3Il oyl 51 ol
S Pl o L e Sy aian j0L3
D] oS 5T cwsay slsgS Jhn (Sl 4o 1) samzes
=B sla by, amgs a5 (glwange Plowe
leayls ol el ly aslos S e 55 S |
L g S LS g adan o L5 SO alys
J—=do an Pl (ol Jo 0gum0 é LS 3502
loanis 5 s losls LIS Lo T oz 5L,
Al izred 5 o glatozr iz 25T 380
2’5—‘*-’-" Lo oo )s8l ml dasgs La o oy (0 e
Sl DLl L g (Hoe e sl plsj sl
of) S 6,88 sl o8 asivn S5 s
Flows (=l 5l ol Gl 0 )8 g (Hoe S
sl oly o Sbaws o g aps oo 4l
Pl sl i Hos Gl Ol 4o a8
Lv s 7] aileas (ol o b (g 5lmdinge
Wars asll 6, 5l d aslais o slap 65l ST
sl e (6,5l 8 Loy 581 ol 4

5o le Lagl 5l 5 a S aig b o

el iy JalSG [ F] (GA) S5 slmpiny 53
sz 7] (GP) S5 —asisaliy [0] (DE)
ks ol (gemi g, V] (TS) o0bs
) S5 o g9z [A] (GRASP) o_iadun
(SFLA) L Lisee aél 68 iga o5 4] (ILS)
Sz I o)l gjlmaige @lyd V-]
La a2 )50 (o9l (53w VY] (SS) ousT,
sl sl slasjslews i) Je [VY] (ACO)
& g 9 (el sl Ko s,k 2SS



YF-FY amio OFeY 15 g 300,5 YA oylaid “UU”;
’

ohyle o ydad olasl (o) cidS Ly &ygmo ol jo
)—>u|)l—’°)—]450—’|;—?‘é—’b@'—®15~\—"9»‘5a
s Ly 5ol bl caway oS > a8
Al Gl Gl B g 0 S 0y 5 L oo
o=l u».:blf 4_,:.59‘&4_::.@.?0‘&.43 JL..>Q._:;:)~>5
b bl Cooway ol )lo Ol i e S > L
Isis 5 05 L o) ol dad 0,55 5 Jlais]
= BB Gl g 09bse jiin ;555 &l L
Olylad a_cgozme Ly 0, tad 2 a S ol o aolol
b SO L s eS adali S an |y 095 ol
Sl ydad oS o O jamo il Ho il p S o e
OSw L g 99800 idgie ;S0uSG A oud Jate
L:bu])_o:...:l_; ol A_uTJB o g ol dad ol
A cgoze Lo, had ol 88> 10060 0 £9,—D
g 9l oo aosd od 5 heS bla o o, Lad
i8S L aeo o |y (ad sloaxl o S is
S sS Lmerl s ol (55, 55 s 5 0l
o)_las)_mdu_w‘u_Ju‘)l_ap_u)}fJ‘)onJ_;b
Al s Loy 51 50 L ki S Lo oL
35 e dm by e Slaise So glyls o, dad
O)Jaﬁj_ﬁw):w‘d_:éj_wgaormé&_wjo)_’aﬁ
Sz ghw So o) 4o G 5l ey 4L
QMg oo g Elad 0dgu e ;0 g A0S o0 5 |
=9 sl cads 0 g0 ) p ) 0gs Gl b
o=lamgaS oy ) 2l SO s slopo puST
o 520,550 (] oled akai g g8 b 5
Clazr S an Led (glwainge sl 65l 251
Aolise i sl (os Bl jo Ty i o0

Al 5l e it blas slod 4 4 S

g3, alie

(ROA) )l gjlwainte 025551 (Sl

ol d oS Cl ;g IROA 4 e sloyy 5l |3
asst led gl aBl Ll o 5SS s
Wl Jo ol sase i o ,sS oml pLs 5l s
o0t a5 aledl ol ooy 5l e 65Ul (ml Jasgs
Srowdy (SN el o Ll Sl bd el
LLE 15 50 iiS o oS, 5 5elis)| o8 Ll
Pl ;0 Lg-b oo oz 7S el sl 5 Ey
&3ly s Al slacly> L Ol 55 (5lware
Oly—ieds 0sipS ooy 3 1) auge o RS 4 S
o 5l Jlie jeboay g o ozl Al Oy
B b am A el ploeS o0 45 (oo s oo
Olg=eas o)ls 1) alold (s 2S4S (g e i
S S omlple e oo SLSl A e
A5 e e e gon 99 (53wt Al
a8 S by s il o ool slaslgenl slls
Ailge 09,8 ol o il ol b a s bla s
il glacler I = » Gly—e (ls—0 |
PR T U SV TR X RN | I
9o Olg—ied e gl (Ll il
el glacls plstea oLl @l 1ad g Al
Olplad ol o o a3, S ol o Al il
o3ld gl aslsl jo 4SS Dglaie a5l Cm
S JS ot S S o 0l e 99 o
Smaz Slylad i e 4 g I
2 9 Mg oo adg (Ao sl slacly> L)
=l ol ol wnS oo 8 Sl s
B0y atads a4y Ol dad 5l G aS ool ge asld]
s 0l o Wlis Olg> oyl 4 S

2 ol oldad g b e LET Swil 4 We
S5l v 3 958,50 00 S yay it LLES
Ty oble ks ;o (gl ol o See e 3L 0
R S P S P NI RO
x> Sl bhowy ol 5l ceud ol (- Ses



Bl <60 oo

g ol 2 oo oLzl e a gl Ol >
ol alols lie Lol Clyo> Ly el (Saw
slocly a b 5l O je0 o o g ail a il
olass o daalol jo cwl 1y ca b 00 i
sgtr s Cly 3550 (x5 i ine
o,k ;o )1, S5 ;0 0 jelate ol (gl S ey
&=b Jlaie (R) 093 gl ool an e o)1)
2 slilan sg s sladl s S e o], Sos
L1y B b 51 il 05 e Sy i
mrio Ly b gl p—po Lz CostFunction
&=b a0 ol oy had o gl ), S5 e 0

195t g0 dnmlee Bu2

Cost,, =CostFunction(var,+R |, var,,...,var

\»)
Cost ,, =CostFunction(var,,var,+R ,,...,var )

™
Cost,, =CostFunction(var,,var,,...,var, iR(n ))
lad s alea S oS 5,8, 5 S0 6l
Sy ohla opdad cids )5 5 0l 8 um g0
e w51 eulad 5l S S
TR PR PR S JPS P I
e ol S gS US o5lol a0, ad glas
Goca i Jlaciie Ly o, e slaal S )5 Gus s
35 o Slaate 51040 anlys glaie ] 55,0 50
X Cgr o Laal S claise sl (xy) o,
S e 4y g0 aple> (X-Ryy) 9 (xTRy) Lo
s (X, ytR) Lo ,olpy ey o Lol s ol _aixe
Sz o=l o Bue b o de o il o (Xy-R)
g0 bl Loz ol 5l g 99B e Sz alals
o (S B ali Jloiie) ;a8 el )| Ly alais
S ol a0 boe et 0y b 5 S e 4
4S5 09 oe (AT 0y dal ES > (sl S 99
S ey 055 gl ojlasilay )L 6 1ad 5
idlS e Al e S S5 e S 50 oyl
S oot gz 99 ol aly Ll b s

e Ogago Mﬁ)ﬁﬂ‘ 31 oolaz!

ROA g;Lwodly
aBls i aeS 8 Ceend jo ass] ulwl
ohlmopdad 2.0, 5 Jas (pop) o)l o ,tad S
s S g Al slal sy claises S gl
alais Slae o Loyl 690 o 4 S 0l
25 2olal Ojsod Ll o, b8 elat g a3 s )5
d‘jg}"‘ A o aﬁ—“"gs" ~_>L>:.».>\ Qa?r_...uo o)l_> &S—’
ohL Aol el Las slacas il sooey juis> Al
O yg—ody Sl ddgl Cmo caimoLis a5 ()
adsl sla uas olawi ol walys Ol g L]
e o am Gy anlE oy Do bay a il e
J> anse a0 g adls J> Ol il ol
2l aalss ol gy JoB ot Al
Goe 2l b (o)L o, ad o gl T 51 s
ol Jo Jss a6l as el L5 5590 s
Olser =2t oSl (s5lmenly Sl ey o
2 OleSoe i ol an g ols i ) Bue &l
0,5 ool BGae 2 b flgcas | algsds £l
9 A_wl.: 00—y )L»_w.» l_> ool A_>‘9JGA &)b U_"
s Al J> a3 5 ey b ol e U

2,5 aaly>

Slaise s»)9_a$3 J_> G 90 ‘_g‘_a':.é)\) dJ‘l_..wo )_ﬂ
e 90 5l s gl o) s e (6,518 o
4 s a8 e Lol cwl ouss S5 (x,y)
2 Jowe 0gd o J= [X)Xp X ] (g0 n sLaS
1wl 00l J.._f_u..' —e )| u‘)l—’ o)_|a§

var = [var,, var,,...,var, | M)
Slahss bl ol 5l S o glilas Bas 2l

Olg—eds ail Bus 2l Jlase o yiaS gl)lo oS



YF-FY amio OFeY 15 g 300,5 YA oylaid -u_)p!",}
’

S 0S o0 S > B a6y suld s i
Jlm o Bae 2l Jladoas Sloy L cnloxl
ATt Sz 0 oy had Ll Gb o ials
0ydad 4 S Jis0,0 (T JS0) 0S s &S > 00l
o Clar 50580 bl ay asles Koo o)L
Sloods ez i 8l cad L )b o, dad | a3
o ohloeyhd 31 Jlie o bay ol o Gials
Bos ali lacie g 0SS S > 00l (a b S
Ao pladl |y S > a Sl g 0,8 sl i3l
LS)*—“‘-'-’V‘—%L’%—Bu—l’“}MLSJ—*-’)‘)—i’
asia jlaae 5l L o tad olasl ;510 sl
ub_lcﬂ RUY .)_a:‘5:> RS o)_'a§ U-" Sgis )_3&95
S5 5 Wb oo Jmate ;S0 A e 4 S0
09_“:‘59 u_cla )lf u.:‘ .A_.Q.R)O‘Sa ‘) U‘)l—’ o)_Ja.’ésS_i
A ool Gl cada Olg s o ey
Smdr Sge 4Ll ey )-S5 e 3 jelate
plos L ol o, dad o a Lol ol lay o, 1ad o
A (o,dad S glads 1l 90 D) adeies Jlaide
JS—i5 g Wb oo Jaie oy widl Sop o

D2 oo |y o, el S,

for k=1l:1
pop_new=pop;
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pop_new.Position (k)=pop new.Position (k)+Rs;
pop_new.Cost=cost_function (pop new.Position);
pop.Direction (k)=(pop.Cost-pop new.Cost)/ (pop.Position(k)-

pop _new.Position(k));
end
Return pop.Direction
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while (popm.Cost<pop.Cost)

POP=popm;

popm.Positicn=ChangePosition[pop.Position,pop.Radd,pcp.Dikection,nVar,

VarMin, VarMax):;

popm.Cost=cost function(popm.Position);

end
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cbjective fisnctice 8730), ={x x:,.. %)

Inpast imitiel bomsg parsmeters such as popalaton sember (aPog), mecmem iteratson (Maelt), nember of vansbiles (aVar), the domain of
variabbes ([Varhdio, Vabdax]), matial droplet’s radivs (Iantl) sod ausniber of jombed droplets (aize), taon speed (Speed) and Sl sdiiption

Caonstant (&

Initialire droplets position, radiss and size.

Exaluate each droplet with the chjective fisnction to obixin the cost of each droplet and scrt popalation based on coat

Bdam koapc
Whils (meration nusnber < Nlsclt)
For ( each droplet)

Change each variable x to x+R; and x-F.and svahaate the mewr position by the objective fonction
Jthe neve cost is smaller then the previcms cost aocept o new poaitican forw,.

witile (cost reduces)

e the Eeplet at the sine daechion walls e si=ne veloaty,
rediace mze of droplet dependme oo e 5ol aderplion propeties
joint near droplets to sach other, change size of pew: droplees

ang e

end e
omil wesk droplets dependmg on sol adsorpbon
peneraie nevw doplets depending on ramn sp=ed
ame whinle
ZSort populaticns based on cost

Show resalis and vissshzaisms
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wuch as populstion nusnber (aPop), maxisuen weration (Maxlt), ey of varishles (aVar), the domsin of

e ]
vansbiles ([Varkfm, Varhfax]), Initisl redios of overall searchi®,), indisal droplet’s radsos (Ra) and number of jowmied droplets (size), rein

spoed (Spead) and Soil sdaception Constasi]e).
Indtatize droplets poaition, redivs and size

Evaluate each droplet with the chjective fimction to obtam the cost of sach droplet and sort populabion based oo cost.

Iiain loop:
el {ieraticn menber < haxTs)
Far [ each droplet)

Find rasdomty nCherser droplets sround this drople
Evadoste aaw droplets with the objective function

Find the droplet with minmmurn cost.

Feplace thes dreplet wath the mam droplet and reduce B to 0LER,

Endd For
For [ each draphet)

Change each variable x to x+F and x-F, and evaluate the new po_cqtim'h\'ﬂ::abiocﬁ'r: function

§the new coat is xmafler thas

whitle (coat reduces)

the previous cost, accept & new position for x

mive the deegplet at the same drechon vwilh the same veloaty,

redince mze of droplet depending on the sol

pr
jounl mear droplets 1o each other, change mze of new droplels

end wihile
ard for
oemit veealr droplets depending ca sod adsornption

ang wiile

Show results and visoshzations
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Introduction

Most of the meta-heuristic algorithms were presented
before 2000 and are known as classical meta-heuristic
algorithms, some of which are:

Genetic Algorithms (GA)[1], Differential Evolution
(DE) [2], Genetic Programming (GP) [3], Tabu
search (TS), Greedy Randomized Adaptive Search
Procedure (GRASP), Iterated Local Search (ILS),
Shuffled Frog-Leaping Algorithm (SFLA), Particle
Swarm Optimization, Scatter Search (SS), Ant Colony
Optimization (ACO).

Despite the achievements of classical meta-heuristic
algorithms, new and innovative evolutionary
approaches have emerged successfully in the last
two decades. Research on meta-heuristic algorithms
in this era introduces a large number of new meta-
heuristic algorithms inspired by specific evolutionary
or behavioral processes. In many cases, this new
wave of meta-heuristic approaches provides the best
solutions for some set of benchmark functions. Some
of these algorithms, which are known as meta-heuristic
algorithms of the new generation, are:

Rain  Optimization algorithm (ROA), Whale
Optimization Algorithm (WOA), Symbiotic Organisms
Search (SOS), Grey Wolf Algorithm (GWA), Social
Spider Optimization (SSO), Teaching Learning Based
Optimization (TLBO), Firefly Algorithm (FA), Bat
Algorithm (BA), Gravitational Search Algorithm
(GSA), Bacterial Foraging (BFO), Biogeography-
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based optimization (BFO), Artificial Bee Colony
(ABC).

Method

Principles of simulating fluid movement in porous and
fractured media

Simulation of fluid movement in a porous medium
and similar to a fracture can be done by combining
three important equations, i.e. the equation of mass
conservation, the equation of fluid movement in a
porous medium, and the equation of state. The fluid
used for injection into a fracture is a single-phase flow
of an incompressible fluid, the viscosity of which
varies with time.

Simulation of a fracture:

To simulate the movement of an incompressible fluid
in a fracture, two different states can be considered:

1- A state where the walls on both sides of the fracture
have zero permeability and the fluid cannot enter the
matrix around the fracture.

2- A situation where the walls on both sides of the
fracture are porous and have certain permeability and
the injection fluid enters the walls.

The first simulation is actually a special mode of the
second general simulation, and for the simulation to
be more comprehensive, this mode will be discussed
further. Figure 1 shows the top view of a fracture when
fluid is injected into it from a borehole.
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Table 1 The standard functions used in this research and the absolute minimum value of each of them.

i=1

No | Name Range D Formulation Min
1 Rastrigin [-5.12,5.12] |n fi(x)=10n + Z[x,.2 —10cos(27x, )] 0
i=l
n 2
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1 n 2 1 X .
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[ ] [0 = 000 20 H )
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Fig. 1 The shape of a fracture when a borehole is drilled in

the direction perpendicular to it and the radial movement of
the injection fluid into the fracture.

Results and Discussion

In this research, a new meta-heuristic algorithm called
improved rain optimization algorithm, which was in-
spired by the phenomenon of rainfall, was introduced.
This algorithm is actually a new version of the rain
algorithm and was created by making changes in this
algorithm. This algorithm was used to solve several dif-
ferent criterion functions and a simulation problem in
the field of mining engineering. Also, the performance
of this algorithm was compared with other algorithms
such as the genetic algorithm, particle swarm algo-
rithm, bat algorithm, and rain algorithm, and the fol-
lowing results were obtained:

The improved rain optimization algorithm has a much
higher speed than the rain optimization algorithm
and is able to reach the solution of the problem with
fewer iterations and fewer evaluations of the objective

standard function, the improved Baran algorithm was
faster in solving this problem by 80% in terms of the
number of iterations and 30% in terms of NFE.
Baran's improved algorithm was able to perform better
than the genetic algorithm, particle swarm algorithm,
bat algorithm, and Baran algorithm in solving complex
criterion functions.

Baran's improved algorithm was used to solve a com-
plex simulation problem in the field of mining engi-
neering and was able to find the solution to the prob-
lem with high accuracy and good speed.
Nomenclatures

ROA: Rain Optimization algorithm

GA: Genetic Algorithms

BA: Bat Algorithm

References

1. Li, S., Liu, R., Zhang, Q., & Zhang X. (2016).
Protection against water or mud inrush in tunnels
by grouting: a review, Journal of Rock Mechanics
and Geotechnical Engineering, 8(5): 753-766.

2. Ebrahimi, A., & Khamehchi, E., (2016). Sperm
whale algorithm: an effective metaheuristic algo-
rithm for production optimization problems, Jour-
nal of Natural Gas Science and Engineering, 29,
211-222.

3. Mirjalili, S., Mirjalili, S. M., & Lewis A. (2014).
Grey wolf optimizer, Advances in Engineering
Software, 69, 46-61, doi: https://doi.org/10.1016/j.
advengsoft.2013.12.007.



