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Abstract

The Purpose of this research is the development Direct Search
Methods for minimizing the objective function; f: R™ —= R
The Developed Methods reduces the approach time to the minimum
through two techniques:

1) by reducing the number of function evaluation.
2) by developing algorithms suitable for running on MIMD(Multiple
Instruction Stream Multiple Data Stream).

We developed two methods, the first method depends on the
"pattern search" and the other depends on the "direct search" technique.
The comparison of results shows the new algorithms are faster than
corresponding algorithms.

AadAll
S J8alagy bl ) Gyl Alsie el lsd sk s Jaall 134 8 Ly
cash iy ) Lgied Olaa st Al 2 BT = R ajall s g
el g JiY) ol ) el ) Al 8ypemy dainy ekl Va4
A ol e 2ae Qi oy e -
MIMD g5 e Clalad daslie )50 @bl okt~
Pattern Ladsaill A5al Gl o aaiad J5Y) ccibiai lsall e e s skl o
(Direct bl sl 33k aladiuly Gutras dlysa slul e 330l (search)
O) i Ldle Ulas Al 56l e s Gdiae) lsal) Giila yelat 23 G search method)
Ao (A e ) ) Jsemsh (gl inan) e lsal

— =



sl LYY b sdlaal iall 3lsia 5k skl Sayss culbud

dadial) -1
yoall all L) Jilus Jal 4lsiall il lsall 8 digh Cogus 13 Uiny b
min _., f(x):R" >R ...... (1) Raaally Al sl e
Agggal) daeyl Jia R A n day <l ayall ey LD AL o 5 paiise 3la o f Ladic
b 058 o L) o Al Cilpatia B 3aaS el Bl e AfaY) Sl o

il daiiy . lyiall o3gd Jlsall (Minimize) sya o8 5 (Maximize) abac
Glaplsadl pashi (& addy o5 38 sgall e iSl Gl Badall e duBeY) Jilual dilenl)
el Alsiall il lsal) ol & Cyaal) adl iy o Jiled) oda Jylal dlulial
J11] el ST agbiay) Jilae Ja YL

o Al 5S Le Sale Gl AN coliitie Clua llamy bl il 35k )
Led 015S l cVal) 8 Agllad ST LDy L cnlindiall o aaiad ) bl (g ol Y
et AEEA Apginall g i) ekl Jisie e ARG st Sl sl oase Allall o
J1,6,8,11] 4 G4isa

) ALY va (il Laad 8Ll Gl 3k cllaladae ol el ) dslayl
s Gl a6 ldaa ola QAL [5,8,9,12] dluluiall bl alaaiuly Leily 4l
MIMD g5 clasls e Jeall 2% 55800 Siny Gihla o5k

Bangs 4 dald 5)S13 4l allas JS5 cilalla sae o (gstiad Glnlall sda )
Gloalall sda o) L Aadle Jlat) 4808 Gyl e Leiw Lad Jaati colallaall s2a ¢ dallas
liadic 5)gay lelilia ae daladll LY L Al Aplsiall Dilae) ylsall 3o 5) san s 4aDla
18] 6 AY) clalladl (e

Direct Search Methods salaad) &) gl -2

Ll (e pliad kD [6] Gudia 5 lsa lghiay LS lliad)l Gl @bk o

OB Al Jad dadal) Balal) Jis Ally p=(x1,X2,...,xn0) o) dua p €R" (<l

(P CP,y) i€ Cigusd P2 (e dndipe Ak "Jumdl' o pl o) Jodl) <40 13 Sl

Giais dall ga P Sal By A Jaine ad e @lllia coliadll b il Y
[8] iy e Al Ha sl s - P # P UL (7 Cp) Bpaldl

— =



S dgana puld & Cild mlla dasa judy o

select a point B arbitrarily as the first "base point"
i=1
. repeat
selecta new point p,
.if p, € B,_, then
- B, =p,
else
B, =8B,
endif
10. i=i+1
11. until No better point are found
Ensure P'=B,
iy aelE gl sas Ak Ladl A a5k Ol (U Al dua) Al b
e sy
rGlial sae ) it o (S bl Gl 33hL o
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Random Search.

Pattern Search methods.

Simplex based methods.

Method with adaptive sets of search directions.
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Parallel Direct search method 4)gial) pdilaal) Gagd) 3ish -3
D el e gyreall adll Qi Jal daaae Aylsiall Gl 35k o
irijer} f(x) where f:R”" -5 R
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The first Parallel algorithm td ) Ajlsiall Aaj leadl —1-3
APl e Ll aball Gaadl Gyla ey lsd Cilghad PR (e poalsl) (e
Gilallae e 2aly ) axi G S Caga A Glua Alee ISl @liv] Glleal)
Gua 201 a destieal clallaal 3o () Gaej sl 38 b D MIMD wgulall
[8] sy (57 ) depudl Jale la aoliiy Allaad) i ciyiiall 230 san )
2yl 6 200 Gy Jana
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S +hx,,.x,)f (e, =h,X,,0x ). f (XX, +0,00X ), (XX, —h, 00X ),
...... S (cx,,.0x, +h), f(x,X,,.0x, —h).......3)

e aaly iy b ) Galiie IS8 clleadl 538 it ) (S Gl Al Slallea b

= ) G AW A Q5 e Ql;lbul\c_wm;
f(x,+h,x,,....,x ) and f(x,,x,,....x,),

f(x,-h ,x,,....,x,) and f(x,,Xx,,....x ),
f(x,,x,+h,...,x ) and f(x,,x,,....x ),

X ) (X%, ) s,
f(x,,x,-h,....x ) and f(x,,x,,....x ),
f(x,,x,,....x ,+h) and f(x,,x,,....x,),

_:tﬂxﬁj

f(x, ,x,,....,x -h) and f(x,,x,,...,x ),
- Agsie daa lsds s SY Ly AY) e Jfie lete S clileal) 038 Caas Ciga
—:@tﬁ\ ua‘):\SJ LJ}.».u ‘d}@.uﬂ}
p=(x,,x,,...,x )
Ap, =(x,X 00X, +h,n); % 4)
Vp, =(x,X,,..,x, —h,...);
R Ladti Coga A e lsal oy
1- Choose an initial point (Fs).
2- Choose an initial step size (h).

3- Do in Parallel:-
€PUy : find f(Ap,)

If f(Ap1)<f(p1)
Xy =Xy +h;send X110 CPUzn+y
Else

Get new (pl) from CPUzn+s
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cpuz - find f(Vpl)
if f(vp1)<f(p1)

Xy = Xy-h ; send ¥1 10 CPUzp+y
Else

Get new (pz)from CPUzn+s
CpPu3z : find f(Apz)
if f(Ap2)<f(p2)

X2 =Xz +h ;send X2 U0 CPUzn44
Else

Get new (pz) from CPUzn+s
cpus - find f(Vp,)
if f(vp2)<f(p2)

Xz =Xz -h ; send X2 L0 CPUzn+y
Else

Get new (pz) from CPUzn+s

CPUz,_1 * find f(APn)
it f(ap,)<f(p,)

Xn = Xna+h ; send Xn 0 CPUzn+y
Else

Get new ( n) from CPUan+s
CpUuz,; : find f(VPn)
if £(vp)<f(»)

Xn =Xnz-h ; send Xn L0 CPUzn4q
Else

Getnew ( n) from CPUzn+s
4- On €PU2p.1
Check if one of these steps yields to a smaller f(p).
—> New iterate (P*).

5- Otherwise: tray again with a step size (h=h/2).

6- As (P*) approaches the solution, the algorithm reduces the length
steps.

7- Stopping criteria: Step length falls below a certain tolerance.
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The Second Parallel Algorithm.
o3a b cAdlSl) Q) V) deylsal) 8 Aeaiiadl cilalleddl dae Ji65 L Ua

@lsid) Cgulall Glalae 2l ) gaads o) oSa Al Clua dglee S A lsal
Gaa all Gadb o oSay clalladl e nt] e ggiad Zapkl) o3 MIMD

LA Agsnall dpajlsddl —2-3

A el

e Al 028 () a5 (res f(Ap,) sy asiis CPUs J die 1 J¥1 55kl @

'f(pl)

eha¥) oo X =xpchy Vs X =xthy s o)) f(Ap))< f(py) ol
CPpup....CPUy. CPUsg, cpu; &9 é_'_b:‘
13 CPU, vy CPU 52320 sl alisy Cogs CPUny I L3000 550l 4
ey (h=h/2) Cuatll ) 5oladl) Juliy o gt Allall sa0all all & (msss ollia (S ol
Aol agd 8 mnias e Ulas 13 Wl . cpr,, e, cpUy Y s23al) B dad Juys &
Al jady pu, e, CpUp () Wby 2ol aunal) adll a8 saall
Al e lsal)l Caa gy (U Ladadally Aaulic £ 35hall sa dad Y gl

cpu, cpu, Cpun

Find f(ap,) Find f(Ap,) Find /(Ap, )

Iff(Ap1)<f(p1) Iff(Ap2)<f(p2) It f(ap,)< f(p,)

X4 =Xq1+h; X2 =X2 +h; Xp =Xp +h:
Send *z To Send ¥z To | ......... Send *n To
CPUn+, CPUp 4y CPUn+,

Else X1 =Xq —h: Else X2 =X32 —h; Else Xn = Xn —h
Send *1 To Send *z To Send *n To
CPUp 4+, CPUn+y CPUn+,

Get new (P1) from Get new (Pz) from Get new (Pn ) from
CPU, ., CPU, ., CPU .,
¢ T ¢ T 'C—p.un+1 ¢ T

bl o i

Receive the new values from CPUy, . CPUy
If no reduction on the function values, Then h=h/2,send h to CPUy, ... CPUA.
Else: send new values to
Until no better point are found.

Cpuy, ....Couy |
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25ll; "pattern move" skl e aaiad IV (iysha Gilsie Gl ¢yl o
sabaiuly asiie "Direct search method" jiludl disdl slul e adias
LS "Hook and Jeeves pattern Search"amldsaill 48 all quding oon 485k
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Fandgall AOal o) why Cagud Lo saclal) o3 Joa 28LESELY) ASjal) il 13). 2ilud)
Baclll sda Joa Apa)lsdll Glshad apen sale) o ladie LS 2 Cagn & Bal ol

o
S
B e
x2
* i -
Lozl p Lozl
O/
base ¢
if
o
o
KEY
) e o exploratory move
/ e e p: pattern move
-/ & improvement
LI Sl <3 no improvement
X base
doadgall) ASall (uiiag g A4k Jalada :(2) Js&
The first parallel algorithm P! Y daiiall 3) ghaall Asa)ledd) —1-4

b S e lypa vie L pall AN (pilE e el dua) il oa
o alisiny) Gllee (e dlodi elya) aay @l s aladinl 2y uiiag dlgen A4k
ASjal) Tyl Uik 288 50a ) e lsal) 8 L LA b 4spd 2 LS sl pail) ol jail
Ml Gt idanl) (e Al s hya) 3a dind el
S Gl 24y (P)) 320l ddas sl aay
P, =(x1,x2 +h,...,xn)

P =(x,,x, = h,..,x,)

Pn=X3.X3, . Xn + h) }
Pn = (Xq, X3, ..., Xn — h)
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Jay adll @l Ladsall Al 58 s 35al duhyyy Liad ol o3 Clus 3y
S Al ) Alae Byseany Gath uSal) o Juadl oY) ) Al Uap¥) dadl) e 3Sa))
) Wag¥) Zaill (g S (e Juadl oY) Al (o ndgail) A5al) (58 ladinly i)
iaiill Hlie) & Cua min ) Ak Ge Uiy ol alasiuly gl slaily 355all of
oda e dalul) cilghall i sale] A ladie saas sael Ak ) Jeall 2
ay Cuan A46all min A dad ) Jeain sl o 8 lee ) paiulyg saaal) ddadil)
Sl ) dens ladie . 54l dglee elia) die AN Aed & a6 o Jeass Y Akl o8
Jadie (@l S bya dad ) h sghadll Al

t MK sa L paill AS5al) 5306

P =b +2(b.,, —b)  ceverrrn (6)
by =(x, +h,X,00X,) 5 by =(X,X,500x,) Ol D201 fabin 5 G
Pi = tgde Jpanll o Sl sasasl) il clflaa ol

bi = (liall) Y0 dkail) cilgoa)
by = (<aagl) Agtl) ddaiil) ol
Odras Assa e JSI 6] saian o8 ariiall dndsaill RSl ()58 s (5Ll T2as
L lplall b saad) Aglial) Tuaj ol (et (s
f AU (s g Al sl
P=(X1,X0,.x,)
_ R G (7)
Ap, =(x,X,,..,x, +h,..);
Vp, =(x,X,,...,x, —h,...);
1-  Choose an initial point (£s).
2-  Choose an initial step size (h).

3- Do in Parallel:-
€pPu1 : find f(Ap,)
If f(Ap1)<f(p1)
Xy =X, +h s send X1 O CPUznsy
Else
Get new (pl) from CPUzn+a
cpuz : find f (Vpl)
if f(vp1)<f(p1)
Xy =X, -h ; send X110 CPUznsy
Else
Get new (pz)from CPUzn+q
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: find f(Ap,)
if f(Ap2)<f(p2)

Xz =Xz +h s send Xz 1O CPUzn4y
Else
Get new (pz) from CPUzn+s

. find f(Vp,)

if f(vp2)<f(p2)

Xz =Xz -h ; send X2 L0 CPUznsy
Else

Get new (pz) from CPUzns+s

cpus

cpuy

CPUzn_1 * find f(APn)
it f(ap,)< f(p)

Xn = Xna+h ; send Xn L0 CPUzp4+y
Else
Get new ( n) from CPUzn+s

 find f(Vp,)
if f(Vp,)<f(p,)

Xn = Xn2-h ; send *nl0 CPUzn+y

CPpuzy

Else

Get new ( n) from €PUzn+s

On fPUZp. -

Check if one of these steps yields to a smaller f(p).
Then make pattern move by:
-b i )

P =b,+2(b

i+l

Send new value P° to €PU;.CpUy, ....CPUg,_1.cpus,

Otherwise: tray again with a step size (h=h/2).

As (P7) approaches the solution, the algorithm reduces the

length steps.

Stopping criteria: Step length falls below a certain tolerance.

Dslaall Alise Jal 20 laase cilallas aadis saall Lua))lall of Bl

asty il A Aladdl 4 201 alleally bl se s n of s (lalaaY))
Al s seladll Jola suad e Jssee 005 <3S "pattern move' I ealy

rlleall e raa gy G Jakadalls

CpU, CPU, cpu,, 4 CPUzn
Find /(Ap,) Find f(Ap,) Find /(Ap, ) Find (ap,)
It £ (Ap, )< f(p,) | | £ (p,)< f(p,) it f(dp,)<fp,) 1£f(4p,) < fp,)
Xq=%q +h; X1 =X3 —h; n=Xp+h: Xp =Xp +h;
Send *:1 To ™ Send *i To 141 xs,endx *n To Send *n To

CPUzn+ CPUznss | 77700 CPUzn+a CPUzn+s
Else Else Flce Else
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A Aa il Agial) e lsad) B cladlaal) o algal) aus o(3) S

:(1-4) Jta
(e o2 %y DL Aaly (V) Aayiall 3y daall dsa)yleal aling araat o3
) QUi liadiinds o guslal)
Find min of f(x,,x,)=(x,~1) +(x, +1)*, Po=(0.0) = h=0.5
Sol. f(p,)=2
flx, +hx,)=125 at (0.5,0), f(x,-hx,)=325 at (-0.5,0)
f(x,x, +h)=3.25 at (0,0.5),  f(x,,x,-h)=125 at (0,-0.5)

QN Galydly 588N quglud 1(4) Js& -0.5) 5 brf da ) cilgad sie DAl Lad Gilua :(5) Jei
(e V) pan (e B il Giss 1 —up Ty Tup ) eaese
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P1:b1+2(b:'b1} ; .
£(0.5,- IS lavie Al dad Canine Al aaall el ay P27 (05-1) il
1)=0.25
55 Lag¥) ) e Al (e dlatl) (o o) Alal) e 8 Qi ) gon 18
33l slaall Cliea Qyg Baaa 3acld Adadil) sl yiiatu Aae) LAl s g Baa Aai )
(6) Jal A LS Lalal) oasg f

3.25
[
kv =13
3.25 fizstha) =125
L L
b1 . 2
“u
b2 ¢
1.‘5\
[ )
0.5,-1)
£-0.25

D8RI ¢y oIl (gaadai ey By Adali g7 Wi 1(6) Js

bl ity (h) laiey slaall 5aly) 2y Cusy (BUaDU 22 (0.5,-1) ddaiil) joieias
1(7) JSal A LS adsatll @l dgas panil Glaiilly a3l 8L s

fixy +hox: =120

R9R
> .
,
(0.5,-0.5)
. Fos bt
4 L ]
1 q\ \
(0,-1) o (L-1) o
£=1 (0.5,-1) =0
£0.25
L ]
(0.5,-1.5)
=05

Bagaad) AL o Auajsdd) cuglud (gudai sale) :(7) Js&
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BTCEp) (h) Sk Helaall 30L) A Cuay (BadU 3ac 18 (05,—1) ddagil) i
H(8) ISl & LS adsaill il dgans yponil lailly 53l (SUT Ganiis casly)

3.25
[ ]
3.25
2
0.5,-0.5
(f:0.5) b1
" ,
. [ ]
1.25 \ \
0,-1) s (L-1)
=1 Q‘ b2
(1.5,-1.5)
L £=0.5
0.5,-1.5)
£=0.5

i gil) Coglul gaagiy Bagaadl Jalal) B GEY et :(8) JS&

il 9l Guk ays 5 by=(1,-1) 5 b1=(0.5,0.5) el ¢hailly asiin NI
: JalS Pt g G Po=b, +2(b,, —b,) adsal

P, = b, + 2(b, - b,) | |
SIS Wi A R s 1 saal) g ay (IS TIS)
£(1.5-1.5)=0. 5
o () pldll Qi Y sans Y A R 3 M S a3 Vs
b LS Addal) min D) dad e Gl S ol bl Gl ety Bay)lsal)
(8) s

1A §) ghal) 433lgial) Apaj ) —2-4
[8] Lsadl e dagshall Y dgladl daplall 4 B o
deyleall ol Adylally L laladY) apes 4 glalll e Cadl S 43 Kahlaf&Neama
@l bl g Juany ) cleall b ki g Lol L alian saaall da i)
Joany ) Glgall 8 hanly Al af 850l e Jaany Al cleal) 5 inay
¢ua "Exploration” CaliSiny) Tase Ao alaie) dua) lsall ol Cpaaiiy . lali e
CaliS) Alee & &S ey (h) lalaie sslady dlatll aey lalill dga e gl S
053 laiil) 138 olaily yaind Glaali dsag Alla b bl L Juas Al Adaiil) Jpa
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e Ji Coges Cun AL 2alall ava iy 1385 L Lt padll @3 Al dgad) ) gsa)l
e O a3 pxiesall a3l Ji el A1 Glia Sillee
) i s A selly
p=(x,,x,,..,x )
Ap, = (X1,X 500X, + )5 e ()
Vp, =(x,,X,,....,x, —=h,..);

f(py) e il o3 s 5 ey f(Ap,) Sl st EPUg D) e 1 16Y) 5kal)
xg=%1—h; Y, Xa=xa1+h: Laaide £(Ap,)< f(p,) 08N
CPUn. ...CPU4 CPU3.cpuy o 3y o)) i @
CPU, 5oy CPU G b2g2al) gl abisy Cigus CPUney 3 Gl 2000 550adl) 85 @
Caatll 5 dadl) Jaliy a6 Adlall agaall apdll 8 (apsds @llia (<5 a1 13)
. CPU, e, CPUL ) 30a)) D Aad Juyi & a5 (h=h/2)
e all o3 (e dad Jil alagly o st Ll saaall AN a8 3 (mdss e Ulias 1) L
oV lelyis aelisaoall o Gl ;e m 8330 13 48 Jia s 20 L3V
) Aleadl paind 3ol Led dan Al ilgal) (and are daadla ae CPU, ..., CPU,
Pl ey, lsal) Cua gy (JU labadally LAaulic /2 5shall 5y dad () Jsasl s

cpu, CPU, CPpup

Find f(Ap,) Find f(Ap,) Find 1 (Ap,)
If f(Ap1)<f(p1) Iff(Ap2)<f(p2) Iff(Apn)<f(pn)
X1=X3+h; Xz =X2 +h; Xp=Xp+h;

Send *z To Send *z To Send Xn To
CPUp 4y CPUn+, CPUp 4y
Else X1 =%X1 —h; Else X2 =X%2 —h; Else Xn =Xp —h;

Send *: To Send *z To Send *n To
CPUp 44 CPUpn4, CPUn 4y
Get new (P1) from Get new (Pz ) from Get new (Pn) from
CPU ., CPU, ., CPU .,

vt vt vt
CPUnyy

1- Receive the new values from CPUy, ... CPUR
2- If no reduction on the function values, Then h=h/2, send h to CPUy, -...CPUR
3- Else: find min of f(xl,xz,...,xn )
Send new values to CPUy, «... CPUR
4- Until no better point are found.

A5 ) shaal Apaj sl b cladlaall 1o plga) i cushed 1(9) Ja ) e
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Cosmlall e o2 a3y (LAl Aaly Al 5y s dadl) Lsa)yl5al maliyy aparal o
AUl Q) Leatiud

Find min of: f(x,,x,)=(x, ~1) +(x, 1 , Po=1(0.0)  ph=05

Sol. f(p0)=2

flx, +h,x,)=125 at (0.5,0), f(x,—hx,)=325 at (-0.5,0)

f(x,x, +h)=3.25 at (0,0.5), f(x,,x,-h)=125 at (0,-0.5)

¥ =
3935
[
335 Fi x1+h..1.';.':125 xl
2
—>
3
195
P-
Xz
LA bl il ad) ciglad $(11) Jei Lo ) cilgad) die DAY dad clua :(12) J8i

Vs 1.25 A1) dad die Ko+ R die 558 bl olasly V) A A of Badl
(13) Jsall & WS (0,0.5) ddaid) xie laiill slaily yaulls 583 sladl @y a g

=25 Yo eV slatl d<al 4l Jaa
3.25 (0.5.0.5)
. sVl 13 @y Cagw GlA jlals Lidasd
x LS A e bl S Jad asmg
3.25 >
. (13) Ui
IR
oladly ) Jad Y olad¥l 23y oY,
1.5 ( f=0.5) s dad o Jiasin (0.5,-0.5)dka)
0.5.-0.5
J<G 3 LS Al dad b olais ) g5
:(13)
Al ) Weemy xie Laad
3.25 LAadaail) s die RPEQY UL\AQ.J J (05,-05)
N\
3.25 — 125 :’h.!:i
2 "
=025
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1.2

=0.5
(0.5,-0.5)

pe

f=0.25
(1,-0.5)

!
=0 +h
(1 ’_1) @ )

\4

@ s sl ddadill eda a4
olad¥) Adjray i) lee  lode
caSlus (gl sl

saby  alisiwy) dlee Laad
aball a3 LN ) x =x 44
LS Al dad A Glass Jaadi (1,-0.5)
(14) s

S aal) slatl el vie (¥,

il e Jasin x=x, -k

& WS minimum J) ik ay (1,-1)
:(15) J=all

read gil) Jayd

I oaki D) Ul ve
33y ) sam h laiag 304 ) ol min
Fad Q6 ) dens el vie AN Aad 3
Aldl b $lane € i s ed b
(16) L)) b LS Gl o i

—: gl 4i8la -5

T yEal O a Gaadl A juleally JUL aladsial o5 a8l 115
Py IRA b Hoe 1 »
1- f(xfiﬂ:’(;l(—ﬁlf(;czﬂf , Po=1(0.0) , h=0.5
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Stopping criteria h<107
AU ) el
P AEIE gladdl U8 3 clalaa) 8 Gl sl andis 0 V) A lall e
Gy 2e 2=0.0000038 iaiss p=(1.000,~1.000) xic dad J& alayl
fe= 150 Wy clua
sec 0.297 Jall Gyxiall (103l
P YIS bl S ol Led Jaany Al Cilgad) @l ally Aiwaall daaylall e
p=(1,~1) all iag &) alay) 5
7=0 Ay
73 Al Glaa Glye 22e
0.127 sec  Gyiuall el
Joany Al Glgall 3 Cluall aaad @lldg A Glaa Gl 220 Julis 5 adf Laadls
Al e
A Al Y Jua il 5 A d sadl) A pal) Caglusl adiad 3 A yii) dua)yleall
iadss P=(1.0020,-1.0020) il 2 e i Yalliof J 8 sl ay o3
0.06 sec Jall 3wisall o3l 90 Aall Clua lye 232 2=0.00000038

L) pa sl 3 ey (Wl LeDIR (e 0%y ) LY o o 25
:JSAL & Al o245 "Rosenborck function”
2- f(xl,xz):100(x2—x12)2+(1—x1)2 at  Po=1(0,0) h=0s
: IS Tl o lsal) Aand Lelat 5 AELu cilaa lsal) Aandys A1l 034 Jain
il cilS slaall pan b il S5 Gy [8] Laeadl JB (e daiial dga)ylall —1
Sulls
p*=(1.0000,1.0000) ;15 vie min 3 ik ooy 5
46065 Al Glua cilye 22c
6.129178 sec  (pxiwall (a3l @
h< 107¢ gl Lys o
: LIS i)l i lalill sl & Cani i) 3)shaall daa lsal) =2
P*=(L1) 50 v min Jakis say 5 o
30624 Ul Clua Cilye 232
5.2544 sec (i) )l e

D=
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h<1l0® (gl L,s o

: IS i) S fumdsatl) 2G5l ol e adied ) Ayl eyl 3
P =(0.999,0.999) 115y v min J Ak say 5 o
36271 Al s e 220 @

4.83785 sec gypiwall Gl @
h<lo* catgill Lyl e

:alll) Alall el :3-5
2- f(xl,xz):100(x12 —x2)2 +(1-x, ) +1 at Pe= (0,0) h=0s
)l adial) il lsal) e Laliaal
i) S jglaal) an b i) o Cun [8] Laeadll U (he dagitall Ay ylsall 1
Sulls
p*=(1.0000,1.0000) 3150 v min J s sla) & @
40762 Ul Glaa Cilye 2e @
9.7641 sec (yxiwall a3l @
h<lo® Cigl Lays e
: S il il L sl ola3l 8 i ) 5 shaall e lsall —2
P =(1000,1.000) 1150 vie min J ik slag 5 @
46065 Wl Clua Cilye 22c 0

4.31420 sec Gyxiumall (o)l @

h<lo™® (&gl Lys e
: S eilial) il A3 el ASpad) sl e aaint il Asgiall dgaylall 3

P =(0.999,0.999) 4159 s min 3 aki slay 5 o

36356 Alall Glus Cpe 2 o

3.665 sec Gyxiwall ()l @

h<lo™® (gl Lys o
—relaliiuy) -6

Claaplsal) o Jumdl Ciayiall oisaipleall ol it il Lle PR (e
2245l ey Alall a8 alag) 2 Eus (e [8] Hradll 8 3Uasdl)

A gally Al e lAT o A5 o (1) U2l

D=
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L f(ayx, )<100( x, - x3)* + (1 - x,)* "Rosenborck function®
2 flapxy) =100(xf —x;) * +(1 - x)* +1

3 flxpry) = (xy - 1)2 +(x+ 1]1

No.Fun Kahlaf&Neama Algorithm The first Algorithm The Second Algorithm

P Time(s) | f(P*) | No.fe Pt Time(s) | f(P*) | Nofe p* Time(s) | f(P*) | Nofe

L (0,00 | 0.5 | {1.000,1.000) | 6.1291 | 0.5512 | 46065 | (0.999,0.999) | 4.8375 | 0.5272 | 36271 1) 3254 | 0.5415 | 30624

2 (0.1,0.2) | 0.5 | (1.000,1.000} | 9.7641 | 1.000 | 40762 | (0.999,0.999) | 3.665 | 1.000 | 36356 | (1.000,1.000) | 4.314 | 1.000 | 46065

3. (0,00 | 0.5 | (1.000,-1.000) | 0.297 | 0.0038 | 150 | (1.002,-1002)| 0.06 | 0.00038 | 90 (1-1) 0.127 0 73

o sl Tl a0 o g 2 (1) o
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