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Abstract. Trong bai bio nay, dwa trén nghién ctru 1y thuyét vé giai thuat tim kiém ti wu Vortex Search
(VS), 1y thuyét va tng dung ly thuyét Chaos vao ho giai thuat MetaHeuristics. Chiing toi dé xuét cai tién
giai thuat VS bang cach lai quy luat phat sinh tap ing vién giai thuat VS voi ham Chaotic Bernoulli Map.
Két qua kiém chimg trén tap 20 ham Benchmark cho thiy giai thuat méi c6 két qua tot hon so voi nguyén
ban trén cac tiéu chi danh gia.
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CHAOTIC VORTEX SEARCH ALGORITHM FOR GLOBAL NUMERICAL
OPTIMIZATION

Abstract. In this paper, based on theoretical studies of the optimal search algorithm Vortex Search (VS),
the theory and application of Chaos theory to the Metaheuristics. We propose to improve the VS
algorithm by hybridization of the rule for generating the candidate solutions algorithm of VS wiith
chaotic function by using the Bernoulli map. Simulation results on a set of 20 Benchmark validation
algorithms show that the new algorithm has better results than the old algorithm on the evaluation
criterias.

Keywords. Global optimization; Artificial intelligence; Chaotic number; Hybrid algorithm;

1 MODAU
Trong nhimng ndm gan day, di co rat nhiéu nghién ciu ly thuyet mg dung va cai tién cac giai thuat tim
kiém xap xi t6i uu ho Metaheuristics[1][2][3][4][5]. Hai van dé chinh cua ~gial thuat luon gap phai[2] la
chi phi thyc thi va dé roi vao bay cuc bd dia phuong lam anh huong tryc tiép dén chat luong 16i giai. Pbi
v6i viée giai quyét van dé cuc bo dia phuong thi ngoai hudng tiép can nghién clru tim cam hing bay
dan[2][5][6] trong tu nhién, hucmg da bay dan Multi-Swarm[7] con c6 mét cach t1ep can cai tién cac giai
thudt nay 1a tmg dung 1y thuyét hon loan[1][3][4] ciing dang rat dugc quan tim nghién ciru. Trong sO cac
ham chaos thi ham Chaotic Bernoulli Map duoc sir dung kha phd bién trong viéc tao ra chudi sb thay thé
b sinh s6 ngéu nhién. Trong bai bao nay chung téi tap trung vao két hgp ham Chaotic Bernoulli Map vao
gidi thudt VS va chimg minh tinh hi€u qua cua gidi thuat méi thong qua 20 ham Benchmark. Trong muc
nay, chung t6i trinh bay tom lugc vé cac nodi dung: Bai toan t6i uu toan cuc ham dai sb, tom luge vé
Metaheuristics, giai thudt Vortex Search va Ly thuyét hon loan.
1.1 Bai toan tim kiém gii phap t6i wu toan cuc
Chohamsbf:D >R D R Timx D d f(x) dat cuc dai - Max hay cuc tiéu — Min.
trong d6, R™ Khong gian s6 thuc n chidu, D: mién rang budc hay chinh 1a khong gian tim kiém 10i giai
cua bai toan.

Vecto x = (x1, X2, ... ,Xn)' D R"duge goi 1a mot giai phap — Solution (mdt 11 giai cia bai toan tim
kiém giai phap tbi u’u)

Giatri x" = (xi", x2", .., xa") R"dugc goi la giai phap t5i uru toan cuc néux” Dvaf(x")>f(x), x
D véi bai toan cuc dai hoa hay f(x") < f(x) x Dvoibai toan cuc tiéu hoa

Vecto x> R" duoc goi 1a giai phap t6i wu dia phuong néu x’ D va ton tai mot lan can Ne du nho cua
diém x” sao cho f(x’) > f(x), x Ne N D véi bai toan cyuc dai hoa hay fix’) < f(x), x Ne N D véi bai
toan cuc tiéu hoa.

Dé dang nhan théy diém cuyec tri toan cuc cling 1a mot cuc tri dia phuong nhung diéu nguoc lai khong
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hén dung Ham chi co mot cuc tri duy nhét thuoc nhom U Unimodal ham co nhiéu cuc tri thuoc nhom
de bay cuc bo d;a phuong.

Ham phén tach dugc (Separate) c6 thé 4p dung tinh toan tbi uu bang cich tap trung hudng tim kiém
vao timg bién thanh phan va thyc hién xoay vong trén ting bién. Trong khi d6, ham khong phan tich
dugc (Non-Separate) phire tap hon rat nhidu khi hudng tim kiém phu thudc vao 2 hay nhiéu bién thanh
phan.

B6 20 ham s6 kiém chudn (Benchmark) dau vao kiém chimg két qua bai bio dugc phan b trén cac nhém
ham: U: Unimodal, M: Multimodal, S: Separable, N: Non-Separable.

1.2 Tém lwgc vé Metaheuristics

Tré lai bai toan t6i uu toan cuc ham dai s6, c6 hai van dé chinh ciia viéc tim kiém gidi phép téi wru toan
cuc ham dai sb d6 1a van dé chi phi thyuc thi (thoi gian, ti nguyén may tinh) va van dé bay cuc bo dia
phuong.

Déi VO'i Vén dé chi phi thu’c thi, tiép can theo hu’orng xép Xl duorc nghien cu’u dé giai quyét Vén dé. Thay
yéu cau veé thoi gian cling nhu ning lyc may tinh[2][8 ]

Pbi voi van dé by cuc bo dia phuong, cic tiép can nhu giai thuat tién hoa, siéu tri thic
Metaheuristic[2][8][9] dugc nghién ctru dé giai quyét van dé. Thay vi viéc tim kiém cac quy luat dé phat
hién ra 10i gii, cac giai thuat Metaheuristics xac dinh khong gian tim kiém 15i giai, sau d6 khoi tao tép
giai phap ban dau va thyc hién tién hoa dé 1am tot dan 1én qua cac thé hé. Két qua tot nhat tir tap giai phap
sau cung 1a 101 gii cua bai toan.

Ho giai thuat Metaheuristics tién hanh theo chién luge tham do két hop véi chién luoc khai thac. Thim
do nham tranh bo sot cac vung tim kiém tiém ning dugc thuc hién bang cach dua yéu té ngau nhién tham
gia vao xay dung quan thé c4 thé tim kiém méi trong the hé ké tiép. Khai thac nham tiép can nhanh nhat
diém cyc tri ving tim kiém c6 nghia 1a viéc xdy dung quan thé tim kiém moi dya trén nhimng thong tin tot
nhét & thé hé hién tai.

Vén dé chinh ctia Metaheuristic 1a can bang gilta viéc tham do va khai thac, qua tap trung vao tham do
khién 10i giai khong chat lugng va nguoc lai néu qua tap trung vao khai thac lai khién giai thudt dé roi
vao biy cuc bo dia phuong. Viéc nay duge thuc hién bang cach cb ging cén bang xac xudt hudng vao
viéc tham do va hudng vao viéc khai thac. Ho Metaheuristics gdm 2 16p giai thuat: Single-Solution Based
(Simulated Annealing SA[10], Random Search[11], Pattern Search[12], Vortex Search[5][13]...) va
Population Based (Genetic Algorithm[8][9], Particle Swarm Optimization PSO[3][6][7], Social Spider
Algorithm[14]...). Lép giai thuat Single-Solution Based chi khoi tao mot ca thé tim kiém ban dau, trong
khi d6 voi Population Based 13 khéi tao bdy dan - mot tap ca thé tim kiém.

1.3 Gidi thuat Vortex Search

Giai thuét tim kiém xoay Vortex Search (VS) duogc hai dong tac gia Berat Dogan, Tamer Olmez nghién
clru va xuét ban[5][13] thudc 16p giai thuat Single-Solution Based cua ho giai thuat Metaheuristics. VS
ngoai cac diém manh nhu thoi gian thuc thi nhanh va toc do hoi tu cao con ¢ cac van dé vé bay cuc bd
dia phuong.

Duéi day la doan ma gia Psuedo-Code cho l6p giai thuat Single-Solution Based ho giai thuat
Metaheuristics:

Input:

Khoi tao ca thé giai phap ban dau sy,
B6 dém thé hé, ban dau 7= 0;

Repeat )
Phat sinh tap ca thé ung vién C(s,) dua vao ca thé s;;
Chon c4 thé ing vién t6t nhat s, s.+1=Select(C(s,);
Sr+1=best(s;, Si+1);

Cap nhat thé hé méi r=1¢+ 1;

Until Thoa diéu kién dirng;

Output: Giai phap ti vu s..

Single-Solution dai di¢n cho 101 giai bai toan, cac giai thuat ho Single-Solution Based Metaheuristics
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gdy dung mot ca thé Single-Solution ban dau va lam tot dan 1én qua cac thé hé. Tai mdi thé h¢, giai thuat
phat sinh ra tap cac ca thé giai phap tmg vién theo mot quy luat nao d6 dya vao Single-Solution va chon

ra ung vién tot nhét cho thé hé d6, néu tmg vién nay tot hon 10 giai bai toan hién hanh thi duoc bau chon
thay thé 1am 10i giai bai toan.

Y tuong nay ap dung chung cho cac giai thuat phat trién dwa trén Single-Solution Based
Metaheuristics. Cac giai thuét Single-Solution Based (Pattern Search (PS), Random Search (RS), Vortex
Search (VS)...) phat trién Single-Solution dua vao viéc dwa ra quy ludt phat sinh tip Gng vién nhu thé
nao.

Giai thuat VS str dung quy luat phén ph01 chuin Gaussian-Distribution dé phat sinh ra tap ca the ung
vién. Phan b Gaussbao dam rang xac xuét dé phat sinh ra ca thé mg vién tim kiém & gan vi tri gdn tim
1a cao hon xc xuat phat sinh c4 thé ¢ xa tam tim kiém.

Duéi day la doan ma gia Psuedo-Code giai thuat VS:

Inputs:
Khoi tao o tam tim kiém ban dﬁu;
Khéi tao 7o ban kinh tim kiém ban dau;
Khéi tao gia tri f(Ssest ) = inf ham muc tiéu toan cuc;
Khéi tao bo dém 1dp, ban dauz=0;

Repeat
Phaét sinh tap ca thé tmg vién Cy(s) sit dung quy luat phan bd Gauss dua vao tdm
tim kiém p;
Piéu chinh cac ca the Ci(s) ngoai pham vi vao vung tim kiém;
Chon g1a1 phap s” tt nhat tir tap tung vién;
IF s tOt hon Sbhest

THEN Cap nhat spesr = 57;
ELSE Gitt Spess;

END
Cép nhat tam tim kiém Mt = Sbest;
Giam ban kinh tim kiém 74+, cho thé hé #+1;
Tang thé hé tim kiém ¢ =¢ + I;

Until: Pat s vong lap tdi da cua giai thuat;

Output: Gia tri t6i uu f{sses) giai thuat tim dugc.

Duéi day 1a cac cong thurc dugc st dung cho giai thuat VS:

— + 1
= 5 (D
o ( )—  ( ) Q)
- 2
( - )+ ;<
= : < <
( - )+ ;= @
Trong d6 14 gia tri ddic trung thir i cta cé thé thu k.
1
- ¢ @
- T (5)
(1.5)=——  -2(-)3 (-) 6
w2 ©
>y = .[1 7
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1.4 Ly thuyét Chaos

Ly thuyét Chaos dugc Henri Poincaré[15] phat hién khi nghién ciru vé chuyén dong cua mot tap ddi
tuong. Bai toan dit ra 1a cho biét vi tri hién tai va quy luat chuyen dong, xac dinh vi tri cua tap dbi tugng
tai mot thoi diém trong twong lai. Goi x 14 vi tri hién tai cua déi tugng, gla sir d6i tuong chuyén dong theo
mdt ham tic dong con goi 1a ham quy luat g, khi d6 ham quy luat chuyén dong c6 dang: xu1 =g(x(); ¢ N.
Trong d6 ¢ + I 1a thoi diém ké tiép thoi diém .

Khi nghién ctru dé xay dung hé thong du bao tir nhirng thong sé dau vao (vi tri hién tai xo, cic quy luat
- tham s6 m6 ta ham f) co thé tién doan dugc két qua trong tuong lai (ing dung trong nghién ctru dy bao),
cac nha nghién ctru da phat hién ra rang ngoai da s6 ham quy luat c6 thé tién doan két qua tuong lai (ham
hoéi tu ve 1 gia tri hoac vo cuc) con tdn tai nhitng ham rét nhay cam v&i dau vao khién cho két qua rat hdn
don trong mot khoang gia tri (khong tién doan dugc).

Mot ham chuyén dong Chaos c6 tinh chat hdn don trong mot khoang xac dinh 7' la mot anh xa lién tiép
tir 7' 1én chinh n6 ma khong tién doan dugc tuong lai. C6 nghia 1a khong tién doan dugc sau mot khoang
thoi gian N thi chuyén dong quay tro lai vi tri xudt phat = (.. () ). Cac ham sé Chaotic map
dugc xay dung 1a ham c6 anh xa hdn don trong khoang (0,1).

Ly thuyét Chaos duoc ing dung trong cac hé thng tinh toan c¢é yéu t6 ngau nhién tham gia. Ung dung
ly thuyét Chaos véi viéc cai tién quy lut hinh thanh yéu t6 ngau nhién 1a mot huéng nghién ctru trong
nhing nam gin day cho cac giai thuat tim kiém t6i wu[1][4][5].

2 PE XUAT GIAI THUAT CHAOTIC VORTEX SEARCH

Tim hiéu vé giai thuat VS cho thiy, viéc nghién ctru dé xuat giai thuat méi hay cai tién cac giai thuat ho
Single-Solution Based Metaheuristic chinh 1a viéc phat hién méi hay cai tién cac quy luat phat sinh tap
ung vién.

Nhung nghién ctru tmg dung 1y thuyét Chaos vao cai tién giai thuat Metaheuristic[1][3][4] cho thay su
két hop Chaotic vao quy luét phét sinh 1am cho giai thuét méi co két qua tot hon hon dua trén mot so tiéu
chi danh gia. Tir viéc nghién ciru ing dung va cai tién giai thuat VS, ching t6i dé xuat giai thuat Chaotic
Vortex Search (CHAOVS) dua vao viée bo sung quy luat Chaos vao ham quy luat phat sinh tap ng vién.

Ham Chaotic dugc chon 1a Bernoulli Map, dugc dinh nghia nhu sau:

s(n+1)= fz(s(n)
Véi diéu kién khdi tao s(0) €[-1,1] va fz1a mot 4nh xa chaotic f3: [-1,1]—[-1,1] dugc dinh nghia:

— +— 1< <

fB(s)=

- = <1

Trong d6 tham s6 a.e(-1,1). Gia trj s(0) va o. dugc sir dung cho mé phong két qua 1a s(0)=0.5 va a=0.8.
2.1 Quy luét phat sinh tip @ng vién Cs giai thuat VS
Goi pola tAm tim klem ban dau, 13 tim tlm kiém thé hé thir 7.

Khidétam = } o 0, vy 0], D 14 s6 chiéu khong gian tim kiém

Trong do: = ;

[lowerlimit;, upperlimit;] 1a rang buc can dudi va cén trén khong gian chiéu thtr i. Cac can dudi va can
trén trén tat ca cac chiéu khong gian voi bd ham chuan Benchmark dwoc thiét 1ap gia tri chung lowerlimit
va upplimit (xem bang 4).

Tai mdi thé hé tim klem st dung ham quy luat phan ph01 chuan phat sinh ma tran Chsizen €0 Psize dong
(kich thuédce quan thé) mdi dong chira cac gia tri s6 ngau nhién theo quy luét phan phdi Gauss (dua theo
cong thirc s (6), (7)) ¢b gia tri trung binh Mean bang 0, phuong sai bang 1:

C=

Ma tran C dugc su dung nhu mot mat na tim kiém dé xdy dyng ma trdn cong cu tim kiém C, cho tdm
tim kiém Mean bang 0 d§ 1éch chuan  (la ban kinh tim kiém thé h¢ t):
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Trong d6 ban kinh ban ddu  duoc tinh theo cong thirc (2):

( (

: — ‘ 2 ‘
Bén kinh tim kiém dugc diéu chinh gidm dan qua cac thé h¢ theo cong thic diéu chinh:
= . -. (, Vi =1a =1—-———;

MaxInt 1a s6 lugng thé hé giai thuat thyc hién tim kiém. Tham s x dugc hiéu nhu d6 uén cia hé sd
giam ban kinh. (Tham s6 x duoc sir dung cho mé phong giai thuat 13 x = 0.1)

Ma trén cong cu tim kiém C,duoc dich chuyén t61 vi tri tAm tim kiém thuc su (voi tim tim kiém
str dung dé phat sinh tap tmg vién thé hé 7):

+ +
Cls) =
+ +
Trong d6 =[ 1, 2,.., _;]1atim tim kiém hién tai st dyng cho phat sinh tAp ting vién &
theé hé maéi C(sy).
bat = + ; cac céa thé néu vi pham rang budc vé chiéu khong gian thtr i (rang budc can

dudi va cén trén) s€ duoc thuc hién diéu chinh theo cong thuce (3).

Sau khi thuc hién diéu chinh cac ca thé vi pham, ta c6 tip ca thé ing vién thé hé t giai thuat VS (goi 1a
C¥3(s0) ):

CYS(s) =

C"(s,) 1a mot ma tran Psize xD trong d6 Psize 1a kich thuéc quan thé va D 1a s chiéu khong gian. Trong
d =( , ,.., ) chinhlacathé ing vién thi i trong tp quan thé Psize ca thé.

2.2 Quy luét phat sinh tap @ng vién Cs giai thudt CHAOVS
Str dung ham Bernoulli map, phat sinh ma tran st dung dé xay dung quy ludt phat sinh tdp Umg vién
moi:

Bernoulli_map(Psize, D) = trong d6 cac  1a cac gia tri s Chaotic phat sinh tir

ham Bernoulli map. i
Chung t6i thyc hién lai ghép v&i C"5(s,) dé tao ra quy luat phat sinh tap tng vién méi:

CCHAOVS(St) —

3 KET QUA THU'C NGHIEM
3.1 Daiu vao giai thuit

Dé kiém tra két qua thuc nghiém dé so sanh ddi chiéu gii thuét cii, chung t6i kiém ching trén du vao
1a 20 ham s la"iy tir b dir liéu Benchmark Function[16]. Kiém ching thyc thi giai thuat duoc thyc hién
trén phan mém MATLAB R2013a, ciu hinh may CPU: Intel Core I5 5300u 2.3GHz, by nhé dém 3MB
Cache, RAM: 8GB - DDR3 1600MHz.

B6 20 ham kiém ching dugc chon ng?lu nhién nhung chira cac dac diém khac nhau trong bd ham chuén
Benchmark: U-Unimodal (Ham don cyc tri), M-Multimodal (Ham da cuec tri), S-Seperable (Ham phan tach
dugc), N-Non_Seperable (Ham khong phan tach dugc).
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Bang 1: 20 Ham Benchmark kiém chimg két qua giai thuat dya vao U: Unimodal, M: Multimodal, S: Separable, N:
Non-Separable

CC: nn
Func. Name Characteristics Mb ta
Fi Sphere UsS /)= ()
F Quartic UsS /()= ( ) +random[0,1)
Fs Easom UN s0)=— () () C=-)-C-=)
s()=100C - ) +( -1 +(C —-1) +90( - )
Fy Colville UN +101(( —-1) +( -1))
+198( —-1( -1
Fs Trid6 UN /)= ( -1 -
Fs Zakharov UN /()= +( 05 ) +( 05 )
I Schwefel 1.2 UN ()= ||+ |
F. Foxhol MS ()= ! + !
s oxholes Va = 500 T3 — 5
Fo Rastrigin MS ()= [ -10 (2 )+10]
Fuo Michalewicz?2 MS ()=- ()Xo ¢ 7))
m=10
Six Hump _ 1
Fu Camel Back MN ()=4 -21 3 F -4 +4
()= (+1) + (+1)
Fi2 Shubert MN
+
()= 1+( + +1)
Fis Goldstein-Price MN (19-14 + 30 +_é4 _+36 ) +3 )
(18—32 +12 +48 -—36 +27 )
Fy Shekel5 MN ()=-— _ _ +
Fis Powersum MN ()= ( )—
Fis Hartman3 MN ()= - exp — -
1
()= —20exp(-02 - )
Fi7 Ackley MN
1
—exp(— cos(2 ))+20+
10 ¢ )
O=- ( -1)[+10 (  J+( -1
Fis Penalized MN
+ ( ,10,1004)
1
=1+2( +1)
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( - ) ) =
( C ): 0, — < <
(_ - ) <=
1
iy Langerman5 MN ()=- ¢ - B ) (
- )
()= « -
Foo Fletcherpowell10 MN = + ;
= =+

Dé danh gia khach quan giai thuat CHAOVS so véi giai thudt VS nguyén ban, ca hai giai thuat sir dung
cling cac tham sd dau vao va cliing cac tham sb dau vao cac ham sir dung dé kiém chung giai thuat (xem
bang 2 va bang 3).

Béng 2: Cac tham s6 dau vao giai thuét

Parameter Variable name Value
Sb ca thé ung vién Psize 50
S6 thé he maxter 30000
Béng 3: Cic tham s6 dau vao ham kiém chimg giai thuét
Func. Name Lowerlimit Upperlimit Dim
F; Sphere -100 100 30
F Quartic -1.28 1.28 30
F; Easom -100 100 2
Fy Colville -10 10 4
Fs Trid6 -36 36 6
Fs Zakharov -5 10 10
F; Schwefel 1.2 -100 100 30
Fs Foxholes -65.536 65.536 2
Fy Rastrigin -5.12 5.12 30
F Michalewicz2 0 T 2
F Six Hump Camel Back -5 5 2
Fi; Shubert -10 10 2
Fi3 Goldstein-Price -2 2 2
Fy Shekel5 0 10 4
Fis Powersum 0 4 4
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Fis Hartman3 0 1 3
Fi7 Ackley -32 32 30
Fis Penalized -50 50 30
Fio Langerman$5 0 10 5
F Fletcherpowelll0 -T T 10
3.2 Két qua mo phéng ) ' )
So6 liéu 6 bang 5 1a bang tong hop két qua doi chiéu thyc thi giai thuat CHAOVS va VS:
Bang 4: Bang téng hop s6 liéu kiém chung két qua giai thuat
Run = CHAOVS | A)
30.000 Mean Std Best Mean Std Best
Fi 4.81958E-33 8.6119E-33 4.64173E-35 5.65858E-25 | 2.06199E-24 | 9.32348E-28
F 0.005177838 0.002357641 0.001938333 | 0.008928602 | 0.004382526 | 0.002712584
Fs -1 0 -1 -1 0 -1
Fy 3.69103E-10 7.13386E-10 1.97398E-13 2.39655E-09 | 6.59171E-09 | 3.74019E-14
Fs -50 4.08389E-14 -50 -50 5.19466E-14 -50
Fs 1.88195E-43 9.80624E-43 9.67224E-51 6.35407E-36 1.3095E-35 | 3.23658E-44
F; 2.61934E-09 2.75272E-09 9.28824E-11 8.23833E-05 | 7.18908E-05 | 5.80718E-06
Fs 0.998003838 1.16624E-16 0.998003838 | 0.998003838 | 1.23698E-16 | 0.998003838
Fy 74.29008899 18.17844465 39.79830178 | 24.67497051 | 10.01251071 | 1.989918114
Fro -1.80130341 9.03362E-16 -1.80130341 -1.80130341 | 9.03362E-16 | -1.80130341
Fii -1.031628453 6.04589E-16 -1.031628453 | -1.031628453 | 6.1849E-16 | -1.031628453
Fi; -186.7309088 3.61826E-14 -186.7309088 | -186.7309088 | 4.12208E-14 | -186.7309088
Fi3 3 1.59267E-15 3 3 2.05668E-15 3
Fiy -8.900922997 2.606047823 -10.15319968 | -10.15319968 | 6.14463E-15 | -10.15319968
Fis 0.000139549 0.000141825 3.40091E-07 | 0.000191344 | 0.000137016 | 4.1363E-07
Fis -3.862782148 2.61169E-15 -3.862782148 | -3.862782148 | 2.53907E-15 | -3.862782148
Fiy 0.10827178 0.450418703 2.22045E-14 | 9.69299E-14 | 5.54126E-14 | 5.06262E-14
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Fis 5.481639022 9.703396842 3.9261E-31 2.444523822 | 3.201759124 | 9.25384E-28
Fi -1.408932528 0.207328704 -1.499999223 | -1.410832488 | 0.202791383 | -1.499999223
Fy 13.49358084 36.43413327 4.21614E-08 | 23.47632067 | 63.71754452 | 7.80379E-05
Bang sb liéu so sanh cac tiéu chi rit ra tir bang tong hop két qua, trong d6 déu +, =, - thé hién
CHAOVS c6 két qua tot hon, ngang bang va xau hon VS.
Bang 5: Bang tong hop so sanh trén cac tiéu chi danh gia
CHAOVS&VS
Run =30.000
Mean Std Best

F; + + +

P + + +

F3 = = —

Fy + + -

Fs = + -

Fs + + +

F; + + +

Fs = + =

Fy - - -

Fio = = =

Fu = + =

Fi = + .

Fis + + -

Fiy - - -

Fis + - =

Fis = - =

Fi7 - - +

Fis - - +

Fio - - =

Fx + + +

Két qua bang 5 cho thiy ngoai mot s6 ham twong dong vé két qua so sanh trén céc tiéu chi danh gia (£,
Fy, Fs, Fs, F7, Fo, Fi9, F29), cac ham con lai c6 sy khac nhau nhu ham F4 thang trén ti€u chi gia tri binh
quan Mean, ti€u chi dg 1éch chuan nhung lai thua ¢ tiéu chi vé gia tri min tot nhat Best.
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Tu bang t('*)ngv hop so sanh tidu chi gia tri binh quan, d6 1éch chuan va gié tri t6i uu tot nhét ching t6i rit
ra dugc bang 6 tong két két qua mo phong hai giai thuat.
Béng 6: Bang tong hop két qua

CHAOVS&VS
Run = 30.000 (/=)

Mean Std Best

US 2/0/0 2/0/0 2/0/0

UN 3/2/0 4/1/0 221

MS 0/2/1 1/1/1 0/2/1

MN 3/3/4 4/2/6 3/5/2
Total 8/7/5 11/2/7 7/9/4

Két qua cho thiy dya vao tiéu chi gid trj binh quin Mean, giai thuat CHAOVS t5t hon VS véi 8 ham so
v6i 5 cua VS. Tiéu chi gia tri toi wu tot nhat Best cia CHAOVS kha tuong dong vdi VS.

4 KET LUAN

Trong bai bao nay, ching t6i da dua ra cac tom lugce ly thuyét vé cac van dé va giai quyét bai toan tbi
uu toan cuc, ly thuyet hdn don Chaos, giai thuat VS ung dung cho bai toan ti wu toan cuc. Chung 61 da
dura ra mot cach tiép can méi dé cai tién giai thuat VS bang cach Ung dung 1y thuyét Chaos va dé xuét giai
thuat moi Chaotic Vortex Search Algorithm va da dat duoc nhirng két qua nht dinh. Nhing ket qua nay la
co s& dé chiing toi tiép tuc Ung dung nhimg ham Chaos khac va kiém chiing thuc nghiém dé tiép tuc di sau
vao huéng nghién ctru dé xudt cai tién giai thuat VS.
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