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KHAO SAT MQT SO GIAI THU AT TIEN HOA GI Al BAI TOAN T Ol UU SO

Vit Manh Xuén Khoa KH T nhién & X & Igi - Dai hoc Théi Nguyé)1

1.Mé dau

Céc bai toandi vu $ c6 nhéu tng ding thrc € va da duoc nghién ¢u tir lau. Trong
c&c K thuat tinh todn nim, thiit todn di trugn (GA — Genetic Algorithm) ¢ cac ben the cia
no va thidt toan moé phng téi luyén (SA — Simulated Annealing) la tihg thLﬁt toén chi yéu sr
dung dé giai cAc bai toandi wu. Mot cach éng quat, mit bai toan éi vu 5 c6 the xem 1a not
cap (S, ), trongté SOR"va f: S— R landt ham n bén. Bai toandit ra [ tim vécd x = (x,
X2, ..., %) S sao cho f(xdtat gia ti cuc tiéu trén S, ngta la Wi moiy 0 S phii 6 f(x) < f(y).
Ham f& day cé tie khéng lién tic nheng cén bi chin trén S.

Bai bao naydng hyp nhing nét o ban aia cac that toan: Gai thuat di truyén (GA),
chién luoc tién hoa (ES - Evolution Straltegy) vaagthuat mo ph>ng toi luyen (SA) Céc kt
qua thir nghiém & 3 thuit toan trén cho ¥t sb ham nhéu bién nhim rat ra nling diém manh
cua tirng thuit toanddi véi mai loai bai toan a thé.

Bai baoduoc ciu trdc nhr sau: PhAn ké tiép trinh bay khai quat cac thitoan @ ban da
néu. Sauio la ket qua thir nghiém cac thdt toan nay cho ¥t so ham @ thé. Phan cuwi cung la
mot 5 nhan xét va Kt luan.

2. Cé4c thuat todn co ban

Thuét toan di truy én (GA - Genetic Algorithm)

Thuat todn di trugn (GA) va cac Hin thé cia n6da duoc phat trén rit manh trong
nhitng ram gan day. GA md pldng qua trinh fin hoa tr nhién va & dung cac that ngx thdong
dung aia tr nhién nhr lai ghép,dot bién, ... . GA & dién sr dung ma hoda nhphan, i nhiém
sic thé dugc ma hod bi mot chudi bit nhi phan. Cac toanitsir dung trong qua trinh én hoa
gom chon loc, lai ghép vatot bién. Trong cac bai toaituu ham nhdu bién, GA throng dugc
st dung chi yéu véi ma hoa 8 thuc (RCGA _ Real Coded Geéntic Algorithm).oMnhiém sic
thé duoc ma hod bi mot véc tv gdbm n thanh pin thec. Nhr vay c6 the xem mét quan thé co m
ca tht nhu mot ma tén thuc cip mxn. Wi cach ma hod nay cac todnlai ghép vaiot bién co
nhiéu dang khac nhau. C6 &méb t van tat thuat toan nhr sau ([1], [3]):

B1) Khoi tao ndiu nhién gén thé c6 m cé th.

B2) Lap khi diéu kién dirng chra tha:

Chon cAc ca thcha ne dé tién hoa.

Thuc hién lai ghép céc ca #rcha ne dé tao sinh cac ca thcon

Thuc hién dot bién mot cé thé con Wi xac sit pn,

Chon cac cé th sdng sot chodn tao sinh tép theo

B3) Ca ti¢ c6dd thich nghi cao it trong Bn tao sinh céi cuing la céa th can tim.

Chién lwgc tién hoa (ES — Evolution Straitegy)

Chién lroc tién hoa (ES) 1a @t bién thé cua GA, ES éng sr dung ma hoa&thuc gidbng
nhu trong GA, song qua trinkeéti hoda tlwong cH sir dung mbt loai toan tr di truyen la phépdot
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bién. Mdi cé tté trong ES la ot cip véc b thuc (x, nj) voi i=1,..., u. Véc b x = (x) chi mot 1o
giai caa bai toan; con m n; tinh phan b caa trng thanh phn x trongang.

C6 the mé & ES nhr sau ([2], [5]):

B1) Khai tao quin thé bandau ¢gom p ca ti (xi, ni); i=1,...,H.

Thiét 1ap bién dém k=1.

B2) Tinhdo thich nghi ndi ca thé (xi, n;) dua trén ham mic tiéu f(x).

B3) Vé6i mdi ca th cha ne (i, i), tao cac ca thcon (x}, n’;) nhe sau

n'i () = ni() exp@ N(0,1) +1 N;(0,1)) 1)
X' (1) =x@) +n’i (IN;(0,1) (2)
& day x(j), X'i(i), ni G) van’i (j) 1a thanh phn tht j caa cac vécd x;, X' , ni van’; teong
tng. N(0,1) 1a & ngiu nhién trong [0, ,1) 14 $ ngiu nhién trong [0,1ng Wi mdi j. Cac

tham & T va T thuong dugc chon 1a (v2v/n)™ va (v2n)™ . S cac ca th conduoc tao ra 1ai.
B4) Tinhdd thich nghi ndi céa tté vira to.

~ B5) Chon trongp c& the trong quin thé gdm ca cha ne va cac con wa tao dé lam cha na
cho kn tao sinh I tiep.

B6) Dung réu thai didu kién dirng. Neu khéng k=k+1, quayal budc 3.

_ Tuy thujc vao cach abn tao sinh ma ngoi ta goi tén ES, chng han néu chon p c4 the
cho kn sinh e tiep chi tir A con i tao ra @>) thi ta @i 1a (4, A) ES; reu pca tie dugc chpn
tur (U+A) ca tre (ca cha ng lan cac con) thig la (u+A) ES.

Thuat toan moé phong tdi luyén (SA — Simulated Annealing)

SA la that toan md pbng qué trinh toi lugn thép, xédt phat tr nhiét 46 bandau To
va mjt ca tié khai tao, tién hanh go sinh ca th moi; qua trinh nay & thic réu nhigt do giam
den mot ngeong (@6 déng) naadd. SA dugoc mo & nhue sau ([4], [7]):

B1) Khoi tao ndfiu nhién not ca tié X;
B2) Khoi tao tham $ nhiét 46 bandau To;
B3) k=1; Tk = To;
B4) Tién hanh céc thao tac sau :
Y = generate(X, J);
Néu accept(X, Y, Dthi X =Y ;
Ty+1 = update(F);
k=k+1;
B5) Néu diéu kién dirng chra tha, quay hi budc 4.
Thuat toan trén & dung cac ham sau :
Ham generate(X,, J 1a ham #0 sinh ndt ca té tfxr X vai nhiét @6 hién tai la Ty . Ham
nay phu thuoc vao xac sit Gy (Tx) c6 ham nat d6 xac st la gey (AX) (trongdd AX =Y - X).
Ham accept(X,Y,T) duoc quyét dinh hyi xac suit Axy(Ty) cho phép clip nhin Y thay the X tai
thoi diém c6 nhét do Ty . Ham update(d) la ham gim nhit d6 con @i la s do t6i luyén. C6
nhiéu dang ham gy (AX) cting nhr lich trinh tdi lugn da dugc gidi thiéu trong [4], [7].
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3. Két qua thir nghiém
3.1 Cac ham thir nghiém
Chuang t6i chn 6 ham sawté tién hanh tir nghiém. Cac ham naga duoc giéi thiéu
trong [2], [4], [5] .
Céac ham th nghiém déu duoc xét \6i sb chiéu n=30; mén Sduoc gisi han cho i bién
Xj va cho trong fing. Gia ti fin l& gia ti dang tinh trong néin xacdinh trongang wi moi ham.

Test Function n S minf
f,=> % 30 [10,10] O
i=1
f,=> (% +05)° 30 [-10,10] 0
i=1
fa =1 I+|'JI>9 I 30  [-10,10] 0
i=1 1=
n-1
f, = Z(loqu =x)*+(x -)%) 30 [-10, 10] 0
i=1
fo = (=% siny| % |) 30 [-500,500] -12569.5
i=1
fe =D (x? —10cos@rrx;) +10) 30 [-10,10] O

i=1

Céac ham néu trén @b thi trong trong hyp & chiéu n=2dugc mod & dudi day:

Hinh 3.D6 thi ham 3

Hinh 1.P6 thi ham f1

iy
\\\\\\Qﬁ{}}}m\\\ ;%ﬁggg
I’Iflﬂﬂ ﬂn’

iy
'\\Q}%\l‘{‘\i&\\\\%}\

W

Hinh 4.P6 thi ham f4 Hinh 5.P6 thi ham f5 Hinh 6.4 thi ham f6
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3.2Thiét 1ap tham sb thir nghiém

3.2.1Thuét toan di truy én

Trong bai bao nay, GArsdung ma hoa&thuc, kich & quin thé duoc & dinh m=30.Dé
tién so sanh, dhmot toan fr lai ghépduoc sr dung. Qua tir nghiém, ching toi thy toan tr lai ghép
s0 hoc ([3], [6], [8]) c6dd 6n dinh cao va kivnang i tu teong doi tot néndugc chon Sr dung trong
thir nghém nay. i mdi 1an tao sinh ch mot cé tté con sinh ra, ca éhcon nay &thay tté ca tté cha
haic me néu n6 Bt hon. Chrong trinh tén hanh 20an chay doc 1ap, mbi 1an tao sinh 2000 t he,
gia ti tot nhat caa ham mac ti€uduoc ghi nkin lai va trinh bay trong cacibg dréi day.

3.2.2 Chreng trinh tién hoa ‘

Chuong trinh tén hoa dung trong thnghiém nay la (1+1)ES. Qin thé khoi tao bandau
gom 1 cé tik. Tai mdi lan lap, ca tkk nay sinh ra 1 con, sald tr cé tié bandau va céa th con
tao duoc ta cton ca tit tot nhit (gia ti ham nmuc tiéu ntd nhit) cho kn tao sinh K tiép. Trong
thir nghém chung t6i 8 dung cong tirc (1’) sau thay cho congitb (1) (xem [5])

n'i () = niQ) exp@ N(0,1)) 1)

Viéc thir nghiém aiing duoc tién hanh 204n chay doc lap, mbi 1an chay thuc hién lap tao
sinh 20004n. Sau i lan chay, gia ti ham muc tiéu @a ca tié t5t nht trong &n lap cwi cung
dugc ghi nHin. Trung binh éng aia cac 4n chay duoc tinh va trinh bay tronging.

3.2.3 Thuit toan mo phong tbi luyén

Thuat toAn mo phng t6i luyén dung trong th nghiém nay la nét dang cii bién aia thiuit
toan t6i luygn rit nhanh VFSA (Very Fast Simulated Annealing) thél [7].

Ky hidu X(K) = (a(k), %K), ... , %(K)) 1a véc t thu duoc tai buéc thi k, trongdd voi
mdii=1, .. ncoxk) 0L, R]

Khi d6 x(k+1) duoc tinh Wi sé ngiu nhién zO [-1,1] boi:

xi(k+1) = x(k) + z(Ri — L)

Ham nit d6 cua z la 0.(z) = 1

2]z | +T (k) In@+ % )
X&c st chap nhan Axy(Ty) trong teong hop nay la

Ao ) =rminf1exp- L0010

So 6 toi luyén sr dung ¢ day la T(k) = Fexp(- bR™ trong d6 b 1a nét hing
duong. Trong tix nghiém chiing téidy b = 7. Nhét do bandau Tp = 800, nhit d6 “ddng” T, = 0.1.

3.3 Két qua thir nghiém

Céc hing sau trinh bayé& qua thar nghiém. Chrong trinhdugc viét bing MatLab. Cac
tham $ duoc chon nhr da néu trén nim Iam cho thi gian chay caa mbi thuat toan Xip xi nhau
dé dé so sanh.

Céu trac cac bng nhr sau: @t (1) trong cac #ng cho gid frtrung binh ham o tiéu aa
ca tfe t6t nhit sau 204n chay. Cot (2) 1a gia ti ham muc tiéu nkb nhat tim duoc trong 204n chay
nay. Gt (3) la thvi gian trung binh (gidy) cho énlan chay cua tirng thiit toan trong tng.
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Bang 1 : Két qui thir nghiém Wi cac hamf, f, .

Ham f, Ham f,
(1) (2) (3) (1) (2) (3)
GA 19.2932 11.466 0.634 18.7 12 0.767
ES 981.37 746.28 0.552 898.9 542 0.5975
SA 941.140 640.13 0.7255 1017.35 735 0.756
Bang 2 :Két qua thir nghiém \6i cac ham §, f, .
Ham f, Ham f,
(1) (2) (3) (1) (2) (3)
GA 9.47661 6.1968 0.7405 702.8395 365.58 0.6735
ES 4.36E+09 73.981 0.632 3.25E+05 135230 0.555
SA 3.65E+08 139.78 0.7915 2.92E+05 90911 0.755
Bdang 3 :Két qui thir nghiém wi cac hamd, f;.
Ham f, Ham f,
(1) (2) (3) (1) (2) (3)
GA -2757.82 -4342.8 0.9585 197.297 146.09 0.8105
ES -1112.84 -2632 0.6915 1235.029 994.98 0.6585
SA -2890 -5005.7 0.8815 1254.722 886.65 0.775

4. Nhan xét va két luan
Can ar két qua trong cac bng néu trén cé thrat ra ndt sd nhan xét sau :

Céc hamf, f, , f3, 4 & cac handon phrong thrc (trongdé ham § 1a ham dng kic thang,
khong lién tc), gia ti fmin déu 14 0. Két qua trong cac bng 1 va 2 cho tly n6i chung GA cho &
qua tot nhit, codd 6n dinh cao ¢6 léch gita gia ti trung binh cacih chay véi gia ti tot nhit tim
duogc). Thyi gian chiy ciing nhr gia ti tot nhit tim duoc sau 20an chay caa GA la tt hon ca.

Céac ham sf, fs 1a cac hamia phrong thic, c6 nhéu arc tri dia phrong. $ cuc tri dia
phrong ting nhanh theodschiéu aia khéng gian. B dang ngc nhién & éi ham £ thi SA hi
t6t hon ca mic du thi gian chy lau bon. Ngay @ néu ting $ lan lip thi ES va GAtéu khéng
t6t hon SA trong teong hyp nay. & cac tham & cua thifit toan, chiing tdiing da thr thaydoi
sb 1an lap cia GA, ES @ng nhr nhiét d6 T , nhiét 46 “ddng” aia SA, song & co ban cac tham
sb d4 sr dung trén cho &t qua tot hon ci.

Nhu viy so sanh 3 thii todn trén, néi chung GA aih 6n dinh ©t, cé tté do cach lam
viéc 1a trén gan thé nhiéu ca ti¢ trong khi ES va SA dhién hanh trén dt ca tié tai mdi buéc
tao sinh. Tuy nhién éu thaydéi cac tham §, ching han xét Wi (2+3) ES thi Kt qua lai tét hon
nhiéu, ngai trir truong hyp ham §. SA néi chung khéng chaékqua tét nhe 2 thut toan trén,
song c6 niing trrong hop lai rat tot nhe ddi véi ham .

C6 thé dat ra vin d& nghién &u tich lyp cac that toan naydé tim giai phap 6t hon.
Trong [7] tac gi da tich lyp SA Wi GA dbi véi toan tr dot bién va ding da thuduoc két qua
tét. Chiing tdi choang réu tich op yéu t6 nhiét 46 voi cac toan lai ghép hay ofn loc cia
GA c0 th lamda dang hon guin thé va tranhduoc hién twong hoi tu sim. Ging c6 the tir quan
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thé khoi tao bandau, ap ding SA cho i ca thé rdi saudo sr dung GA hdic ngroc lai: chay GA
truge roi sir dung tiép SA hay ES ndm ting ¢ d6 hoi tu 1a nhirng vin dé c6 tre phat trén tiépd

TOM TAT
Bai b4o nay kiio sat va so sanh baapihuat trong tinh toan #m la: Gii thuat di
truyén (GA), Chén lrgc tién hoa (ES) va Gi thuat mé prong tdi luyén (SA) trong véc giai
nhitng bai toandi uu 5. Quadé ta thy duoc cacdiém manh aia nbi giai thuat nham chon lya
giai thuat phu hop haic tim cach &t hop cac gii thuat nay dé nang cao [u suit tinh toan
trong nhirng bai toan ¢ thé.
SUMMARY

Investigate several Evolution Strategies for solvigthe problem of numeral optimization

This paper investigates and compares three algwsitin soft-computing: Genetic
Algorithm (GA), Evolutionary Strategy (ES) and Silaied Annealing (SA) in solving the
problems of numerical optimization. Thanks to theults, we understand advantages of each
algorithm to choose the most suitable algorithmscambine these algorithms to enhance
productivity computing in concretize problems.
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