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GUILIN(10,200) | 200 | 1467845| 1512665
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Test2N(4) 16 953 1612
Test2N(5) 32 1850 | 4827
Test2N(6) 64 5133 | 29252
Test2N(7) 128 | 29908 | 160805
GOLDSTEIN 4 2197 | 2364
BRANIN 3 498 604
HARTMAN3 3 1581 | 1737
HARTMANG 2 1090 | 1194
SHEKELS 5 7144 | 7365




SHEKELY 7 17125 17377
SHEKEL10 10 21551 21661
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B2 4518 8849 4472
Easom 943 1949 933
Bfl 4508 9300 4469
Bf2 3750 7621 3666
Branin 1948 3855 1938
Camel 2669 4983 2502
CM4 5714 11783 5644
CM8 7341(0.33) 14813(0.60) 7289(0.33)
DIFFPOWER10 123729 248924 121012
ELP4 1203 2474 1158
ELPS8 1721 3395 1652
ELP16 2789 5485 2252
EXP4 3646 7063 3609
EXP8 3723 7447 3651
EXP16 3835 7486 3310
GKLS250 1486 2928 1426
GKLS350 1030(0.97) 2007 913(0.87)
GKLS3100 1020(0.77) 2005 1018(0.77)
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GRIEWANK?2 3131(0.70) 6197(0.97) 3048(0.70)
GREWANK10 10449 20763 10226
HANSEN 2482 4997 2422
HARTMAN3 2911 5753 2868
HARTMANG 3825 7875 3787
POTENTIAL3 5237 10784 5178
POTENTIALS 11594 22331 10127
POTENTIAL10 20361 40592 5089(0.70)
RASTRIGIN 2345 4731 2242(0.93)
SHEKEL5 3852 7841 3730
SHEKEL? 3951 7149 3885
SHEKEL10 3982 6987 3890
SINU4 3317 6624 3246
SINUS 4883 10015 4791
SINU16 8731 17005 8692
TEST2n4 3258 6608 3216
TEST2n5 3565 7128 3534
TEST2n6 3804(0.90) 7790 3850(0.90)
TEST2n7 4203(0.83) 8501(0.97) 4155(0.77)
TOTAL 281454(0.93)] 562038(0.98) 259160(0.92)
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F3?) Ng¢Fg =100 =200
B2 4073 3886
Easom 830 782
Bfl 4046 3864
Bf2 3346 3153
Branin 1699 1623
Camel 2338 2237
CM4 4434 4043
CM8 3084(0.63) 1819(0.50)
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DIFFPOWER10 26726 17980
ELP4 971 908
ELPS 601 338
ELP16 139 100
EXP4 2764 2522
EXP8 1564 943
EXP16 245 179
GKLS250 1337 1275
GKLS350 911(0.93) 777(0.83)
GKLS3100 939(0.97) 796(0.97)
GRIEWANK?2 2812(0.77) 2684(0.70)
GREWANK10 1812 1152(0.80)
HANSEN 2210 2077
HARTMAN3 2400 1993
HARTMANG 2707 2369
POTENTIAL3 1246 714
POTENTIAL5 752 664
POTENTIAL10 1621(0.23) 1045(0.10)
RASTRIGIN 2016 1917
SHEKELS5 3520 3116
SHEKEL7 3515 3113
SHEKEL10 3586 3237
SINU4 2548 2268
SINUS 2121 1624
SINU16 546 358
TEST2n4 2436 2198
TEST2n5 2186(0.97) 1840(0.97)
TEST2n6 2648(0.80) 2300(0.83)
TEST2n7 2469(0.77) 2173(0.73)
TOTAL 103198(0.95)| 84067(0.93)
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A K s0Ujcilie Gégstitfsltets steyse Us safh UaYo
3.3 BUj UaaUoyd Udd eUdchalig Contro

¢ eydetued Controlled Random Search (CRS) yolU
"Uy UaaUoyd o980 30 Us3UU 6eysdUa aU udsyiley C
bUaUstUs e6adldd. TYdU "Uy UaaUoe “yelldyy Us
160Uy eheealUUd Ud aUpuUUdosse UsUssuUUYQUUGdJ
aUsh3aUd UUyeUlUslesgi 9950 30 U sUieclUs aUai UU
bUaUstUe 6adldd.
zaU " UjUsaUocerRsUqdoeUdiigiu @ @ e idadl@allil(2006) [1g g d
"Uoe UGUgooaUsyseyslU, Uj;e cCResQuUxlgpad 6abéaie
Ujh e6gd 63as630U0d UyaaGU0ysd 3yUd UsufhtUsd
Uye 6 8seddoal d uUsUlsaUGaU uUdesseg)oald Uxs
3y

o -

CRS, UstGYoesaUUd ¢e9U U UUcsosse Us soed =

UeoeoselUtUsaf GdeUas "~e6g “~Up¥YoUUUs U fh Ud eyda
Uyyees cUsy RUUy e @WadgUdegeosdgPoelasg3si0ivedU; a
g UaU0j3 Ugsy Uds " Uysecee 2ij4rvr U K Us Uyyces
UeoescelUlUsoafh GdeUae eyly Gg3UUUUoeysys [71].
Uyeooe eydelied ~jeudyUeslUUd y¥3U Gi aUdqeU -
teoasceUdUsal 3 ddeUav¥s. j3U0Ua 30U 6j)dases esUa

380Uy eheUs UlUgsUeosoa¥ UgUyd Usd “~odUshUqQUUG b
8 Ueofhyoadesad UsUdyUUs aaUd o UldwUslhd) ey, a1lislU
UaUyaU0dd, 65 ~sadUsfhUqUUd UsdqeUj;i13630Us U b
"@g dU U slyy; Us oaUei UU; U U eUUayGeUUU, aUe
ideseg)oalU 3y¥3 UeeseUOUsoat 3 GdelUaxvxs. jJglUe o
U Aietdd Uesg Uesosejadesg Ust “~jealUyehelUUs &
bUaUstUs sadlidd. ¢ U sasoe e0U0Uzi Uxs 0Oede’
Uy h 6, bUOGesesheUss GUds U Ruseld Uesgd GU oY¥YdU
UstYoUssawUUUsosoe d 6 6alU 838e¥YslUUUs Us 9o
UsdUsaUsafh oaUs U sueUssfh Usohyosdes. ¢gyaasd, d



UUcsosoe, Ueaa¥Y Udessg)oUa tUeoesecsUlUsay¥Y GdeUalU
[71].

zaU ¥Yaoad Uje 6 eaR§0d Udsg lisldhplde
sUoUje (2005) [72] KR e6g "~ UjeglsyYesU
Search (GCRS). B Ueaofhyoeadesad UgUhRd Ggslg¥yYs!
UsUgseUdiddd (CRS) U Ud 92U0U3UUssae Usyasszd, 6} d
idesegjoalU oatlUsalU GU 6 e6sUle sgUU oaL 00U
"Uyo9aUebhby¥slUs UU beeUUU Ujyeoessc cgadlidgd, Ud
aUsUsgy) o9t 3, Ud eydeliuse Ueg Uegys3eg¥Y os9U U4
eUU0yeaaU3zdd oaUs o3 UegelUUsoaed Uszsyasadd osU0 Udg
eydeliasad GCRS Ggslug¥YeUs Ud o2UsUUsse Usyasad
UsgUd e atbeeseis G Usg Ushd "~ eegusYdUUUesg et} eg GUG

[ (4

[«
<

GoUtsaUGalU 3Uses3¥ eU Uds UgeUaU Udesegyoal
gsyacUsU, U 9203031 300Us aUd bBbUaUsGUs @eadid
U0cssoat 3. FUUY Uds uUs¥YyoaUsU Uesg Uaosejadesg,
"eg " Ujegls¥Yeesags Usd Uea¥YeoalUUd oUs eyosalUU(

Co

GgsyGUSU, "Up YoUOUUs y3U s3ye uUesescUGUsoaf Gdel
3U U3U; UgsetlUs Ue3 6t} e Ux3s ai0U0¥3 o2ijgr U
Uy UaUdyoatUsata U uUsUGUUIijvyad aUs gUUYaaUszd

O "~ Ujya Uryld "eg d uUsUGey ¥ eU0UUzi Uxrs Ua¥Ycol
dqd eydesliaead eUUUbUas3Us GU y3U beeU Us soed Us
Usyoabeid Us soaed UaUscatlUeg. EUe ¥Yjydje “~Ujeg
Udhtiegd bUaUsGUes sadtdd, U stUsssziealUd Uds

m

3.4 ¢ Uje 68 68odeysd cySkarached Contr

ZFUsd UUecssayd bUaUsGUs eadidd eycys GUsoce
"1 eoaUdeysteysaead Ujysdefhd U UsUeseyUrs rvd oaU3sHh:
ey yd herd 6 aUshsUd UgURJ, U UsUUa eUosYas

Us afhoe Ue 3Ugleyses U K Us Yydjye Usg ¢glasi ac
UU; eUOUsGesgi “6g "~ UyeglisyYsUOUUs Usesaesi drd:
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FU oYdU W Ug Yeagadas UUSK HdgosUaiu§gUgddgd

AY3 d UUcsossee bUaUslUes esadqlidd uUs oaUUUGY, Us
UaUcalUeg 285U oY 8s5U0d U UsUaeyUsd, URUUO Uas
UaYcotUs.

FUds "~ Ujya UrxlGd UgUe 6 Uesohysasdeasd "1y Us
U0y eUO0asUs RHUUS3:

B A U3 Us 3 ely Ui Us Uds UUaUgUUaU U Us¥Yadyd
UaYeostlUes [70].

TUdid d eydesied bjyatals eal cUedahUU03d UaUa
"Uya  Uxtd "6g Ue o9Ussafh Ua¥YeslUs ycUs eld
A Uste d "elhUqUU UgUe UasUs “~¥Y3UU dUOUsose, o
Udd UsUsaUselUsssaed Gg3yY; Udadd 00Uz Ui e
6y didsee 8sddUa vd y3U oa3sUeyse 295U 30U UsUos
UaYeollUs. 9yi0e €903 UaslUs dq usUlGeyy¥Y UgUe, URG
Ggsyy Udadd. B hUU0, U gUUaUa €50 oaUeae g cye
U0y eUOU0UstGecgi. AYs Us o9Ussoeh Ua¥vYseostlUs ycUs eiic
3U by Us €50 3yU UsaUaedqlidq aUs d "elGhUqQUU dU
ROUs d “"ehUqUU “yaGUs oa¥YUx U K y3U aU0U0LGas,
Usg Uesoejadeasag. ¢ Usee "6g e 63 Ua 30 @390dU
Udd UsskpdUUHdUds UUaUgUUaU Gey Y "6g byyddal
UaYeolUe. FKUds "~ Uja UvlGd hevyd “~e8g U sdgecice
Gg3UcatdUs 299U “eeeyd oUssyd, UgUf Ue oaa¥YlcecU
dyasgelU 30U aUUeUUelUs "~ 96 YeUOU, eaU UsaUaedct
0.75. dagGsa¥Y, d Usee 0,5 U sUUaUa eaU UGgebsht
Uset s [70].

A aldd, "3 UoeUUB @6oeddal Uy 68 sadud Udd

U gUUaU0GcUUsos1 3 UeoaseUGUsoat 3 GdeUavrs o2sU U(q

¢ Uye 6 6adid Udd eUdhueg "~ Uyegis¥YeseUUUs ~ U} U
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"Uyesycegs Usd “~j UoeUUsoeayd Ua¥YeosUUd Useyd I
BosceUOUsagi glideaegeysze cUGHTFIG e HeaddxUy a
Ud UdessgjoalU U sUUaUGeUUsoahUU) ¥3 UeoaselUOL
UsecUi Us 8U0Ud o93doey UUy d Giosestd Ueg Uaodasy
UsUgselUdidd U eUoUsai U0y d UsayabUsU.
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o

Co (a4

Co

35 bUs )} Ues UUsayY U gUUayGeUUU

gU "~ UsyYeUUU “6g UosUsecddaUs, ~jUoeUUc @osed
6y} dqloeae 8oeddobBerdsolsslUG g B Us0a03 3 e Uc) U UgecUars
GdeUsUsafh 30U Us3UGUy dUa HUs Iatalseargtd)celi e ge gls " s
6y didsees 8oseddal GUU ~ Usy YBFESUSLRowell) Ha0]e s EUUU,
"Usy3 ¥YeUUU eU0UjeddaUz Uiae UseydlewsPojigdeefpdls !
GgoalUeajseysU UU GdelUaU "eg UdesegyoeddalUs U«
8 eylaed Ujyosadehd o2oetUx3s Ggs3Yy Udidd "~eg U UsU
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Ggs3U) e kbsge Uz UagUsay¥Y [70]:

A ¢ GUead FUNCTI ON U3 UGy OUU0OUs GUe fH3eeU Udgd
A ¢ GUeoB BRB8s0GUsscUa GUes3s 3 gdeh U hyypoydd
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A ¢
A ¢

CRS.
A ¢

"3 8UUss3heUsd

GUead RMEWER T3 ascUs
dUeoa@ ORB Uy sGUY Uess

GUead NEWGRS y) UUUSs

v

eydasedla.

Ud s

au
ey U

o

GdUsg 3

sU eyUypdqid osU

e Ujyosdeh

ey e

Uy sadeh

saelUx

9 o1

Haa UBUgooa) 9UsayY U eUUeyleUUMRSH® UsisP UGBoy ¥ U
GgsUy UelUsd.

FUNCTION CRSR CRS-C NEWCRS-R NEWCRS-C
BF1 1.37% 2523 0.00% 1689
BF2 1.33% 2506 0.17% 1569
BRANIN 16.00% 2014 9.13% 851
CAMEL 1.67% 2235 0.20% 1487
EASOM 51.03% 591 11.43% 635
EXP2 3.03% 1290 0.70% 644
EXP4 2.67% 4688 0.00% 1302
EXP8 2.77% 16,453 0.00% 2601
EXP16 4.00% 47,400 0.00% 5207
EXP32 7.70% 93,520 0.00% 10,414
EXP64 18.80% 135,638 0.00% 13,602
EXP100 38.53% 129,327 0.00% 14,506
GKLS250 3.87% 1784 0.27% 1684
GKLS350 6.43% 3881 0.03% 2088
GOLDSTEIN 3.60% 2154 0.70% 1829
GRIEWANK?2 1.20% 2503 0.03% 2742
GUILIN550 8.33% 9129 0.00% 25,333
GUILIN1050 9.63% 30,806 0.00% 10,561
HANSEN 47.60% 2643 4.03% 1736
HARTMANS3 9.97% 3009 6.13% 1331
HARTMANG 13.37% 13,615 0.00% 6091
RASTRIGIN 9.17% 2130 1.33% 2986
ROSENBROCK 0.00% 59,024 0.00% 15,719




SHEKELS 4.73% 8974 0.00% 2967
SHEKEL7 3.70% 8606 0.00% 3236
SHEKEL10 2.73% 9264 0.00% 3479
SINU4 3.90% 6525 0.00% 2889
SINUS 5.10% 21,561 0.00% 4946
SINU16 8.43% 62,194 0.00% 9539
SINU32 14.40% 135,986 0.00% 18,456
TEST2N4 24.57% 10,198 0.00% 3756
TEST2N5S 34.17% 20,850 0.00% 4806
TEST2NG6 42.50% 43,290 0.00% 6075
TEST2N7 50.37% 92,658 0.00% 7005
TEST30N3 24.10% 4011 0.00% 5691
TEST30N4 27.30% 7432 0.00% 8579
TOTAL 13.67% 1,000,412 0.86% 208,031
ZielGy3aU €U Uess "~ Uy U ¥3xy "a3UaU, B%¥BH)pyddded
(0.86% y3UsUs 13.67%), g elUdeats3e3UUd AUs U @
Udd UsaUyaUled Udd. YU} YoadaU, d 3yU eydasiicd
elU €903 AUV 6 Ggseaessah Uysdeh osoeadUxys Ggs3yYy U
g suUsoas3iUs HRUs dq 3yU eydeued CRS UasUs ~sa
aUdid “UyyvoUs a950hRUU; Ud U 633 aylUsd aUs U  Us
U aUOUgsad Uv3 ddee Wil ®lsoY besy.s U:
T ¢ eUarid  mdeealilo B3 hPpoyidde d 3y U ey
U gUUaUGcUUsose GUes3 Ujyh 6 “e6g UsUsey Usgd
"eg € 63 Ua 30U cudoeliegs GU saUse Gi oesasld.
9 ¢ eUarld Usg eyteg Ujysdeasi oeoelUrx3s GgayYy (
U sUgoecy¥slUs Ud byaUsaUd aild eU as52h0U

UsUsoaUseUssosed

"hy) ¥3.

GUssafhUU U,
yoluaeld, "UyyeeslUUgd

"8ag a6oafhUdqUU.
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Statistical Comparison for the Function Calls

160,000
140;000
120000
100,000

e

0,000

Function Calls

50,000 H
.

a40,000 -
.
20,000 L
) —

B cs-c W NEWCRS-C

FieclGryrsU U UU U gUUeayGelUUU, d 3yU eydasliaed Gc
aYdU Ggs3Uj;UdtsUse Ueoasce. | glUhfh UasUs egal
} eU0Ua3U00Us 295U Ud udesegjoalU 3yeg GdeUaag

Ujh 6. A atdd, d 3yU eydesiusd U URELywd b hUU)
aUs UgUR U UseesapslUUs U ' h Usd UsUatUsscUd
UgUf U UsoessaslUUUs oais GUds Ushasgdd UsoahsU
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A
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Yas UajUde s sayd

sidoUa U “~s9e6 o93e0636 oUs Usaysbyd
sUgoc¥3sUs oaUai UU;d U RUusUG(.

"9 3 AOdUO00, eUUjeddaU e 6)hsed
UUUcr¥v)] eddoa U3 U Ubeka sUslibgeayadxsa ¥ ¢ elJ@ldJa | a

GgoojyatlUsd

FUNCTION CRS-TIME NEWCRS-TIME DIFF
BF1 0.168 0.154 8.33%
BF2 0.180 0.154 14.44%

BRANIN 0.209 0.138 33.97%
CAMEL 0.165 0.141 14.55%
EASOM 0.165 0.151 8.48%
EXP2 0.165 0.143 13.33%
EXP4 0.228 0.152 33.33%
EXP8 0.629 0.187 70.27%
EXP16 3.142 0.299 90.48%
EXP32 14.364 1.082 92.47%
EXP64 60.861 3.932 93.54%
EXP100 144.794 9.386 93.52%
GKLS250 0.592 0.593 -0.17%
GKLS350 0.658 0.599 8.97%
GOLDSTEIN 0.191 0.163 14.66%
GRIEWANK?2 0.174 0.166 4.60%
GUILIN550 0.475 0.529 -11.37%
GUILIN1050 1.524 0.453 70.28%
HANSEN 0.217 0.292 -34.56%

HARTMANS3 0.21 0.163 22.38%

HARTMANG 0.514 0.262 49.03%

RASTRIGIN 0.168 0.16 4.76%

ROSENBROCK 5.31 0.584 89.00%
SHEKELS 0.321 0.203 36.76%
SHEKEL7 0.302 0.218 27.81%

U0y e UUs @

OaUyaOqu

Usd



SHEKEL10 0.325 0.271 16.62%
SINU4 0.283 0.206 27.21%
SINU8 0.897 0.369 58.86%
SINU16 4.775 1.448 69.68%
SINU32 24.413 8.999 63.14%

TEST2N4 0.389 0.19 51.16%
TEST2N5 0.733 0.209 71.49%
TEST2NG6 1.714 0.256 85.06%
TEST2N7 4.326 0.264 93.90%
TEST30N3 0.222 0.203 8.56%
TEST30N4 0.324 0.239 26.23%
TOTAL 274.127 32.958 87.98%

ZgooalUoay seysU
A ¢ GUeoad!l RS U3 Us jely Ui Us Ues eyliae ) (3
eUdhliseg CRS.
A¢ GUead NEWMERSU3Us ey Ui Us Uss eylce =
"3 8UU0Us3hel3dd eUdhiieg.
A ¢ GUead DIFF Ua3Us @ g @a802sley3aed @
"3 8U30GU0; dysUys GUdaL 3.
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vy vd 2a300Us UsUsad UR, d "~ eUUsszhelszd eydal
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"3 ebaeeUUU. RBUds Usheesgdd UsehaU, ~Ujeglisy¥Ys!
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4¢ @t) UBALT¢ K2KstTgtT¢ zAUB@mBE

4.1 dUGosoayd Ujecyd

B Uesohyoadesad c¢Differenti al Evolutioneé (psoUd
bUaUstiUs @wgdiidgde egUalUs o990 Uds U aesgid
mpd € 5 6 g} U elfa ®dherStorna UkennethPrice U @l995 [74].B KennethV.
Price U a 3allbd d 2 & U ®egartmentof Electrical and Computer Engineering@i U @
MontanaStateUniversity Ka 3 Us o3y URd o090 Uds ¥j3 Ugsy Usg
bUaUstUs sadliddg oaUs y3Ud U h Usgd “~}rvUs fy
Zg3UjovyaUdaU €U Ue3 Rainer Storn, y3Ud U f U
Udd bUaUstUe 6adldd aUs Uesg Uaosejyadesg DK, ¢
aUs Uds UGUyeesoe Uesg Uesosjadesag GU UsY@aeyag
oUBaUd e
Usgd Ueaosejadesegd Usyoesszdd [75,76,77,78].

8gooyYyUs “"gaeayd U s0GUdescssayd Uy

B Uasohyosdeed Differential Evolution (DE) Us
Usosjadeys bUaUstUs e6adldd. sUsUsgyoUa bUG:
(UsUsguevyUvxs) oUs 6 GUReedg Ueg UasUs 30 b
UaUcsUs 895Ua e€5U Gga3ayYyUdid oahGUegd © e€alU Us
bUGasOUUs GU 63 sleysUd bUGsoayd Ujeyd oaUs
bUGosoayd Ujyeyd Udd eUdhueg:

desegloalU Yaddgleai:

- By asUUUs 6 Uyeesafd "addgtehd Uxs ai GU0rs3
- ¥YdU eaiGd UsU UyaaUUU0Us U y3U Us¥YsgleU

J eaeostehd ThaUsgd:

- 09U aYdU aildq GUess “~addgtle
Usee "8g "~ UpsoyyYilUs Uds U

g eaeoas UU

Gd Udd aildd

® U

U

s UGey sse zUUYaaU3zd (Mutation):

- K 9ay263UUs UjaU UgeUaU ¥y¥UeseU U K Us3 " a(q
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- 3 8260asU0Us d UsUlGey ¥ eU0UUzi Uxs ~jeUi «x
aYdU "~ Uy ¥YeUUye Ueg usUsziteUUed

- ¢ UsUlGaeyyY 299U a¥dU " Uy¥yYelUUje "gaal aUlsYs
(GgsUUaUaUed osasecYorxiudd) .

- ¢e U eUyaU0eU UgUit s Urs “eeaU aUtGsUlctl 3 U
ayo0UUs V. (2090 3yU aild).

s UG UUgy vyey3aed OaUoeced (Crossover):

- Fgooajy a3U0Us oa¥Y¥dU GUsscUas Usg UsUsiteUUs(

Uy eooeai UsUsilGeUUsd Usg GURGegqg.
- 13 Ue GUescUae Usg V UasUs oaUei UUye U 'K U
U eddoealUi OUUU, Ueaeasit d UsUssaUdatdUUUUs U Us

A 9a80€:
- BEgooaja3UU0Us d 3yU aild V €U 0Uds "~ Uas¥Y ail
- 13 d V UasUs aUai UU;yd U Uds "~ Uesy ai ld,
Uds V.

- K" U3sUaUeby¥3sUOUUs UgUe d UsUlusaUGaU o250 " @a
a)9Ueyse GUUdUyei GdeUaesg [79].

JjgUyd s Ujeyd U sUyy e6g3 GUes Uesohysdeas DE
ahtUesgd Ui 0UGdd Udd byaUsaUdd eoi Gdd.
B DE UasUs »stsUaUU0; U U sUUaUGeUUsafhd G0 ;@
UsUgselUdaddd UasUs e©d o923 Usgenoahd oaUs U3 g ¥} o
ot GUsd. FEKgsedyd 63 dlosee 6oU0alUs 08U “"jebaoececU
oahtUsgd uUU3s UasUs uUsUlGejalised e uUusUsajslUsoce.
UseUad, Gge UysalUebUscsceysadd Udd bUaUstUs sac
3Ugy¥ssoet 3 UsoaUivs [76,70,81], oaUdid oaUs ul
OGdUyecoyd [85, 86].



4.

5.

2 B Uaohyoadeaead DE

bUGsahd Uesohyoadeasad Udd woUle)yssed Kzyasszd

vy old® eyoUded URG 4, o didggstittusy o)~ slga sUBs d

GoavyadUUGd Ueg "~ jeboaeeslUUsd Usithlusg.

vy olds "~ sdUszshUqUIRGWsUGBEFIUYEdPI[ 0, 1]. zsU

UgUes Uds "~ Uy yYeUOUye UaszUs 0, 9.

vy old® byYyed UsUlaeROdse di seYieeaUfddg 2] . <z o (
sU UgUes Uds "~ Up¥YeUUye UasUs o0, 8.

] 16906 Aol dlyas eUa1 3 Usg “~addgleasi GUs3 o«

Usg ~addgtesi 83ceY¥sa3UUs ¢ JYoaUs, Ude.
A Usy8dUbUoahasgdU beeUUU eyey o 30 Usa ady vd
GUUeg UUee UUB(:
(@idoid1.. NPpYdW UoshosgdU:
i.yyed® x vd Ues “~j¥YaUsy U i
i. X yolepdlaU Uy Usd "~ YaUey Ud a, b, c.
i. K" y o0zl UgeUase UUaalUd R U Us Gi 36aa
ey UUGd Ueg "~ jebaecsUUs(d.
iv.} " sahl0m® dl)s Y3 g e Unlwdsdecewed Used:
v.i09jU = »y¥d&idl UshoaasgdU:
Ay 98U Ugoc UaUaUtsadvethUde U [0, 17 .
B.jsi< CR ®© jw= RO hdUUaaeL g
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BRANIN 984 816 707

CM4 3590 7572 2079
CAMEL 1094 18849 685




EASOM 1707 2014 1327
EXP2 532 323 449

EXP4 2421 1019 1494
EXP8 15750 3670 5632
EXP16 160031 15150 21416
EXP32 320039 152548 77936
GKLS250 784 944 614
GKLS2100 772 1531 599(0.97)
GKLS350 1906(0.93) |3263 1275(0.93)
GKLS3100 1883 3539 1373
GOLDSTEIN  |988 818 769
GRIEWANK2  [1299(0.97) [1403 883(0.93)
HANSEN 2398 2968 1400
HARTMANS3 1448 836 1050
HARTMANG 9489(0.97) |4015(0.97) |4667(0.80)
POTENTIAL3  |90027 89776 21824
POTENTIAL4  |120387(0.97)|120405(0.33)|45705(0.97)
POTENTIAL5  |150073 150104 83342
RASTRIGIN 1246 1098(0.93) |871
ROSENBROCK4 | 6564 9695 4499
ROSENBROCKS | 44240 72228 13959
ROSENBCROK1¢ 160349(0.90) | 160538(0.60) | 53594
SHEKELS5 5524 3810 3057(0.83)
SHEKEL7 5266 3558 2992(0.87)
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SHEKEL10 5319 3379 3076
TEST2N4 4200 1980 2592
TEST2N5 7357 2057 4055
TEST2N6 12074 4159 5836
TEST2N7 18872 5490 7904
SINU4 3270 1855 2216
SINUS 23108 6995 8135
SINU16 160092 36044 30943
SINU32 213757(0.70)| 160536(0.53)|83369(0.80)
TEST30N3 1452 1732 959
TEST30N4 1917 2287 1378
TOTAL 1564515(0.97/1062714(0.96/506404(0.98
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FUNCTION STATIC ALI PROPOSED,
BF1 996 1124 889

BF2 926 1026 816
BRANIN 878 900 730

CM4 1148(0.70) |1991 1103
CAMEL 1049 904(0.93) |846
EASOM 447 448 446

EXP2 470 461 467

EXP4 915 903 892

EXP8 1797 3558 1796
EXP16 3578 7082 3521
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EXP32 7082 14125 7022
GKLS250 498 576 493
GKLS2100 533 884(0.97) |515
GKLS350 823 1130(0.93) |814(0.97)
GKLS3100 858 1495(0.97) |829(0.93)
GOLDSTEIN 945 993 915
GRIEWANK2  |947 921 826
HANSEN 2104 1949 1479
HARTMANS3 1017 1005 952
HARTMANG 4679(0.90) |3744(0.97) |3128(0.87)
POTENTIAL3  |21473 2284 8197
POTENTIAL4  |44191(0.43)|3098(0.33) |24659(0.97)
POTENTIALS  |75910 3443 52664
RASTRIGIN 841 994 777
ROSENBROCK4 | 4934 7192 3300
ROSENBROCKS | 29583 49696 10907
ROSENBCROK1¢ 160349 160538(0.60| 38315
SHEKELS5 4389(0.97) |4266 2839(0.83)
SHEKEL? 3905 3685 2668
SHEKEL10 4049 3548 2629
TEST2N4 2785 2275 2221
TEST2N5 4481 3170 3122
TEST2N6 6852 4286 4296
TEST2N7 11971 5701 6267
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SINU16 6892 3628(0.97) (16905

SINU32 7235(0.80) |7438(0.83) |7218

TEST30N3 1033 1098 951

TEST30N4 1355 1444 1285

TOTAL 432610(0.98/321166(0.96|224567(0.99
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a3z UsoUgUs ) Ye UUU U UsAliovtpddg Uy ¥l cdUBdid 6d aall

FUNCTION 11 12 I3 P

BF1 24929 22874 18739 22088
BF2 24043 22254 17172 20743
BRANIN 17691 16205 13397 12471
CM4 20117 22568 26867 14941
CAMEL 19474 17813 14461 13492
EASOM 13327 13106 9969 9212
EXP2 6339 8243 7853 3501
EXP4 7816 10066 10900 4458
EXP8 8667 10937 13126 4761
EXP16 8748 11402 15754 5098
EXP32 9567 12323 18189 5471
GKLS250 10907 12562 9673 8552
GKLS2100 12960 13403 9930 9541
GKLS350 15410(0.97) 14722 10542 9298
GKLS3100 16639 14495 10412 13075(0.97)
GOLDSTEIN 20437 22877 16410 8935
GRIEWANK2 27620 24230 18473 20133
HANSEN 21513 20279 16326 15046
HARTMANS3 16233 17152 12305 6511
HARTMANG 47038 48947 46852 23431
POTENTIAL3 31684 32175 36930 24463
POTENTIAL4 184602 181231 | 168962 | 129267
POTENTIALS 74508 70519 76890 54042
RASTRIGIN 23574 20865 15596 16198
ROSENBROCK4 | 145178 161136 | 160341 | 129891




ROSENBROCKS8 | 95290 97035 96687 80408
ROSENBCROK16 | 118614 116454 | 115122 | 97004
SHEKELS5 27458 27088 25927 18036
SHEKEL7 27521 27271 25967 18805
SHEKEL10 29699(0.97) 28082 25511 20823
TEST2N4 26740 27050 22905 19495
TEST2N5 20243(0.97) 20290 17729 16024(0.97)
TEST2NG6 33118 33366 30118 25235(0.93)
TEST2N7 23266(0.90) 22804 21294 18218(0.90)
SINU4 17035 20487 18971 11079
SINUS 22827 27176 27732 12379
SINU16 31055 35998 42984 15692
SINU32 44736(0.97) 51624 82114 25991
TEST30N3 18733 20119 17803 17543
TEST30N4 20348 22191 20679 20085
TOTAL 1365704(0.99) | 1399419 | 1367612 | 1001436(0.99)
gas Udlfls ) Ye UUU eU Ues AilsthsUcslUyeUtiede didd
Uz UJ 268 89d¢eys3a
FUNCTION 11 12 13 IP
BF1 9709 8918 9531 10932
BF2 10196 9588 9089 10730
BRANIN 10718 9597 9813 9501
CM4 6242 7503 12531 6985
CAMEL 10422 9306 8491 9624
EASOM 11565 11366 8497 8196
EXP2 3364 4443 4558 1926
EXP4 3558 4767 6023 2122
EXP8 3716 4787 7753 2186
EXP16 3784 5076 9696 2211
EXP32 4137 5698 11379 2323
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GKLS250 5917 7080 7517 5273
GKLS2100 6843 8261 7449 7296
GKLS350 6845 8076 7833 5881(0.97)
GKLS3100 10290(0.93)| 10187 7828 8066(0.97)
GOLDSTEIN 7977 9035 8505 4381
GRIEWANK?2 12567 12222 12000 12037
HANSEN 13441 13360 11876 10818
HARTMAN3 9758 9548 8123 4114
HARTMANG 12893(0.90)| 12889(0.93)[ 22309 10126(0.93)
POTENTIAL3 17912 16420 21904 15969
POTENTIAL4 73629 64886 95707 67084
POTENTIAL5 40585 35239 47807 33661
RASTRIGIN 11305 10101 11141 10046
ROSENBROCK4 | 18115 21919 38407 43093
ROSENBROCKS | 12869 14192 31923 25405
ROSENBCROK16 | 12096 13023 38486 23165
SHEKEL5 10347 11466 14446 11802
SHEKEL? 11511 10521 13944 10399
SHEKEL10 10834 10842 13785 12253
TEST2N4 11133 10869 12161 11546
TEST2N5 10923(0.97)| 10315 10868 11072(0.97)
TEST2N6 12331(0.97)[ 12345 14123 15652
TEST2N7 11342(0.93)[ 11354 12118 12370(0.93)
SINU4 7724 9845 12294 6575
SINU8 8468 10969 18122 5382
SINU16 9334 13213 31589 9294
SINU32 13290 17502(0.97) jflll(o'g 14959
TEST30N3 12675 12954 12472 12482
TEST30N4 13964 14903 14999 15389
TOTAL 494119(0.9 | 504585(0.9 | 720208(0. | 502326(0.99




9) 9) 99) )

a3z UUgUs ) Ye UUU U Uss UlUs afh oaUshsasU UU; U008

FUNCTION 11 12 13 P
BF1 6807 6866 6712 6757
BF2 6102 6150 6057 6207
BRANIN 4551 4596 4470 4435
CM4 9814 10101 9580 9342
CAMEL 5055 5202 4897 5004
EASOM 2975 2788 3014 3000
EXP2 4436 4541 4377 4543
EXP4 5443 5562 5331 5290
EXP8 5682 5754 5614 5504
EXP16 5707 5799 5638 5526
EXP32 5871 5797 5769 5659
GKLS250 3973 3906 3971 3921
GKLS2100 4009 3862 4073 3958
GKLS350 4558 3965 4525(0.97) | 4266
GKLS3100 4701(0.87) 4266 4361(0.90) | 4465
GOLDSTEIN 10259 9145 7945 7625
GRIEWANK2 5932 6194 5700 5915
HANSEN 6386 6260 5688(0.97) 5874
HARTMANS3 4681 4694 4625 4675
HARTMANG 14245 14091 13793 13825
POTENTIALS 7219 7206 7532 7234
POTENTIAL4 38053 37924 38421 38897
POTENTIALS 15196 14459 15708 15358
RASTRIGIN 5915 5797 5944(0.83) 5844
ROSENBROCK4 | 91574 101485 117512 76367
ROSENBROCKS8 | 66648 61974 58831 41591
ROSENBCROK16| 62029 54550 63406 55800
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SHEKELS5 9119 10271(0.97) | 8975 8538
SHEKEL? 9197 9831 9638 8732
SHEKEL10 10417 10449 9373 9721(0.90)
TEST2N4 8512 8272 8884 7992
TEST2N5 5793 5704 5511(0.90) | 5515
TEST2N6 9797(0.93) | 9731 9657(0.83) | 9666(0.97)
TEST2N7 6435(0.80) | 6659 6713(0.77) | 5990(0.87)
SINU4 7567 7774 7334 7063
SINUS 9882 10083 9643 9331
SINU16 12750 12947 12569 12207
SINU32 20164 21112 19684(0.90) | 19239
TEST30N3 6388 7942 5934 5855
TEST30N4 7611 9251 6385 8284
TOTAL 531453(0.99) | 532690(0.99)| 543794(0.98)| 475015(0.99)

gdasUad@lsy Ye UUU eU Ues tls afh oUshsU UU, eU0U:

UsUjJ o268 89deys3a
FUNCTION 11 12 13 IP
BF1 3296 3038 3063 3003
BF2 2922 2762 2863 2845
BRANIN 2562 2641 2538 2564
CM4 3569 4277 2944 3230
CAMEL 2646 2854 2467 2577
EASOM 2490 2390 2479 2464
EXP2 2377 2489 2261 2315
EXP4 2456 2669 2282 2389
EXP8 2429 2671 2268 2385
EXP16 2358 2569 2227 2326
EXP32 2337 2533 2248 2312
GKLS250 2394 2535 2274 2321
GKLS2100 2384 2511 2267 2333




GKLS350 2492 2410 2212 2339
GKLS3100 2800(0.90) | 2708 2648(0.83) | 2571
GOLDSTEIN 3161 3701 3166 2799
GRIEWANK?2 3910 4520 3543 3641
HANSEN 4409 4268 3755 4325
HARTMANS3 2423 2518 2374 2425
HARTMANG 3913 4390 4199(0.93) | 3700
POTENTIAL3 3951 4093 4482 4021
POTENTIAL4 18555 19559 19506 18691
POTENTIALS 8771 8397 9677 9154
RASTRIGIN 3111 3244(0.97) | 3031 3146
ROSENBROCK4 | 9729 12980 11453 8587
ROSENBROCK8 | 4987 6738 4688 5512
ROSENBCROK16 | 4410 5939 4553 4002
SHEKELS5 3906 4095 3203 3495
SHEKEL? 3119 3965 2950 3528
SHEKEL10 3497(0.97) | 4464 3142(0.97) | 3353
TEST2N4 3468(0.97) | 4059 4167 3881(0.93)
TEST2N5 3318(0.97) | 3786 2926(0.90) | 3157(0.97)
TEST2N6 4523(0.93) [ 5046(0.93) | 5537(0.83) | 4066(0.97)
TEST2N7 3364(0.80) | 4191(0.90) | 4183(0.80) | 3315(0.87)
SINU4 3173 3807 2610 3004
SINUS 3055 3742 2592 2857
SINU16 3160 3746 3854 3290
SINU32 6613 7377 6327 6450
TEST30N3 5129 6367 5605 4451
TEST30N4 5649 6441 6074 5543
TOTAL 162816(0.99)| 182490(0.99)| 164638(0.98)| 158367(0.99)
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YbasUad0yUs ) Ye UUU U Us3s 3 e8UUssheUsa
saaldd.

FUNCTION 11 12 13 IP
BF1 5305 5326 5240 5209
BF2 4760 4841 4750 4856
BRANIN 3599 3703 3520 3443
CM4 7674 7835 7430 7057
CAMEL 3996 4131 3864 3825
EASOM 2370 2292 2425 2478
EXP2 3528 3613 3455 3675
EXP4 4292 4350 4178 4020
EXP8 4579 4632 4515 4278
EXP16 4576 4637 4505 4236
EXP32 4692 4771 4588 4296
GKLS250 3105 3065 3115 3024
GKLS2100 3193 3049 3193 3099
GKLS350 3308 3000 3560 3401
GKLS3100 2935(0.97) 2777 3158(0.83) 3088
GOLDSTEIN 5534 5595 5332 5265
GRIEWANK?2 4225 4332 4413 4489
HANSEN 3865 3762 3824 3769
HARTMANS3 3724 3770 3714 3705
HARTMANG 11901(0.97) | 11829(0.97) | 11386 10573
POTENTIAL3 5910 5850 6134 6501
POTENTIAL4 30880 30570 31180 30682
POTENTIALS 12021 11643 12521 13475
RASTRIGIN 4583 4595 4625 4360
ROSENBROCK4 [ 58299 61266 55759 35517
ROSENBROCKS8 (31778 30888 30989 22055
ROSENBCROK16 | 32719 30503 30957 24478
SHEKELS 6806 7047(0.97) | 6636 6233

aUs 3 U



SHEKEL? 6807 7001 6626 6270
SHEKEL10 6774 6987 6583 6534
TEST2N4 6111 6127 5909 5893
TEST2N5 4455(0.97) | 4558 4372(0.97) | 4271(0.93)
TEST2N6 7446(0.97) | 7419 7218(0.87) | 7122(0.93)
TEST2N7 4992(0.90) | 5057 4888(0.83) | 4680(0.90)
SINU4 5948 6043 5750 5229

SINU8 7965 8095 7778 6963
SINU16 10121 10252 9968 9219
SINU32 16093 16509 15663 14478
TEST30N3 4331 4953 4230 3957
TEST30N4 6290 6341 4288 4717
TOTAL 361490(0.99)| 363013(0.99)| 352239(0.99)| 310420(0.99)

YasUamwg@Usy Ye UUU

ssaldd UsUjoe”’

e Ues

8o9deys3a

"3 8UUss3helUsa

FUNCTION 11 12 I3 IP

BF1 2276 2379 2266 2250
BF2 2157 2274 2098 2191
BRANIN 2132 2178 2051 2170
CM4 3098 3717 2538 2791
CAMEL 2198 2335 1974 2058
EASOM 2007 2011 2031 2084
EXP2 1952 2030 1842 1861
EXP4 2046 2266 1877 1909
EXP8 1990 2240 1849 1879
EXP16 1944 2110 1828 1838
EXP32 1953 2126 1859 1867
GKLS250 1982 2079 1850 1900
GKLS2100 1983 2064 1859 1891
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GKLS350 1882 1944 1793 1831
GKLS3100 1898 1909(0.97) | 1850(0.83) | 1833(0.83)
GOLDSTEIN 2523 2670 2110 2164
GRIEWANK?2 2893 2885 2791 2681
HANSEN 2766 2879 2731 2804
HARTMANS3 1988 2093 1949 2015
HARTMANG 3366 3871(0.97) |2767 3133
POTENTIAL3 3312 3487 3613 3892
POTENTIAL4 15392 16390 16223 17497
POTENTIALS 7109 7104 7732 8477
RASTRIGIN 2591 2648 2474 2732
ROSENBROCK4 | 8023 12179 4433 6025
ROSENBROCKS | 4376 6081 2721 3314
ROSENBCROK16| 3643 4954 2746 2485
SHEKELS5 2849 3296 2274 2390
SHEKEL? 2696 3294 2262 2283
SHEKEL10 2624 3251 2338(0.93) | 2359
TEST2N4 2536 2637 2427 2782
TEST2N5 2266(0.97) | 2336(0.97) |2163(0.90) |2342(0.90)
TEST2NG 2724(0.93) | 2832 2694(0.80) | 3133(0.90)
TEST2N7 2283(0.80) | 2370 2279(0.80) | 2585(0.90)
SINU4 2789 3245 2228 2436
SINUS 2601 3151 2233 2348
SINU16 2721 3086 2443 2624
SINU32 4652 5135 4086 4089
TEST30N3 3031 3349 3007 2562
TEST30N4 3747 3797 3250 3237
TOTAL 126999(0.99) | 142682(0.99) | 115539(0.98)| 122742(0.99)
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