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GIAI THUAT DI TRUYEN: KY THUAT VA U'NG DUNG

NGUYEN THANH THUY!, LB HOANG THAI?

Abstract. In this paper we shall presont genetlc algorithm technlque that seems to be effective
for solving optimization problems with non-linear target function constraints, The main Idea here Is
simulating random search In the space of parameters, although it ls not possible to prove the convergence
and the convergence speed of the searching process. We propose a combination of genetic algorithm
with mathematical modeling in data analysls for minimizing the error function. This solution ls shown
promising for solving liquld - liquid extraction problem in chemlical technology.

1. GIAI THUAT DI TRUYEN VA BAI TOAN TOI U'U HAM NHIRU BIEN

1.1, So db vé gldl thudt di truyén

T¥ trwée dén nay trong céc nghién cu vi ¥ng dung tin hoc di xuft hign nhidu bai todn ly
thd chwa tim ra dwgc phuwong phép gidi nhanh va hgp ly. Phin 16n d6 1a nhitng bai todn t8i wu ndy
sinh trong céc ng dyng. D@ gidi logi bai todn ndy, ngudi ta thudng phdi tim dén mét thuft gidi
higu qud ma két qud thu dwge chi 1a x&p x1 t8i wu. Gidi thuft di truydn (GA) 1d mét trong nhimmg
cdng cy 46 [1].

Y twdng cda GA 1A mé phdng nhiing g} ma ty nhién d& thye hin.

Gidi thuft di truy¥n (GA) dp dung qué trinh tién héa ty nhidn dé gidi cdc bai todn t8i wu
trong thyc t€ (xuflt phét tir tdp cde 101 gidi tfém n¥ng ban diu, thyc hign nhidu bwéce lip (ti€n héa)
duéi tdc ddng cda cdc todn ti, d€ hinh thinh nhiing thp hop méi véi cée 1vi gidi t8t hon, cudi cling
hy vong tim dwgc 1¥i gidi t8i wu nhét).

Chu trdc gidi thuft di truyén dwge thd hién qua so db sau:

Procedure Gtditruyén;
Begin
t=0
Khéi tao 16p P(t);
Dénh gié 16p P(t);
While not Pk két thdc do
Begin
t=t+1;
Chon lge P(t) ti P(t — 1);
K&t hgp céc cd thé cia P(t);
Dénh gid 16p P(t);
End
End

Céc thao tdc co bdn trong Gidi thuft di truy¥n [2] cho m§t bai todn cy thé bao gdm:
o Bidu difn di truy®n véi nhitng 181 gidi tiém n¥ing cla bii todn;
e Tao tip hop 1&i gidi ban dBu;
e Xiy dung ham dénh gid;
o Xdc djnh céc todn ti di truy¥n (Lai ghép va 48t bién);
o Xdc dinh nhitng tham 88 ma GA st dyng.
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1.2, Gid! thuft di truydn gldi bal todn t61 wu nhidu bién

1.2.1, Céch bidu dién

©6 nhidu phwong phép bi€u difn khéc nhau d8i véi che bai todn t8i wu. O dy chéng ta d8
chp dén hai cdch bidu dién bi€n sl dyng cho bdi todn cyc tiu hdm f cé n bién vdo d& néu trén,
M&i 1 gidi ti8m n¥ng dwge goi 1A c4 thé, nhifm sdc thd hay vecto céc gen (1),

o Phuong phdp c6 truyén: Bidu dién bién nhé vecto nhi phdn
M&t chuii nhj phén (0,1) cé chidu dai 1 bit ¥ng véi gid trj trong khodng [0,2'] 88 dwgc 4nh xa
18n céc gid trj z thudc mi8n xde dinh [Umin, Umax] theo ¢dng thirc 4nh xa:

& = Umin + decimal(stringa)*g,

& diy g 1A ty 1§ co ddn cda énh xa:
o (i Unain

2 -1
va strings 1a bi€u dién nhj phén cla 2.

V{ dy: decimal(0001) = 1 = z = Umin+1*g
decimal(0011) = 8 => # = Umin+3*g, & diy ta chon | = 4,

e Phuong phdp cdi tién: Biéu dién bién nho vecto cde gid tri thye

M&i vecto' I¥i gidi tiém n¥ng dwge ma héa 1A mét vecto 88 thyc cé ching chitu dai,

M&i phlin ti thudc mét midn xdc dinh va cc todn t& dwge thidt ké dd ddm bdo yéu chu ndy.

D§ chinh xéc cda phwong phép thy thudc vdo khd ning cda mdy (s8 chit s8 thip phin sau dfu
phiy).

Bidu dién dfu ph&ly déng (Floating point representation, FP) cé khé n¥ng bidu dién du’gc che
mi¥n gid trj lén. Hom nita, véi bifu din FP, c6 thé d€ dang thidt k& cdc cdng cy d¥c bigt A€ bidu
thj nhitng rang budc khéng tm thwdng,

Vf dy: Gid sl mién rang budc:

Ay €[-0,481,0,519); Az €[-1,815,-0,815); As € [-4,681,-3,631; A4 & [-0,053,0,083];

Ta ¢6 th& chon nghu nhién céc gié trj (A;, Az, Aa, Aqg)

Ay Az As Ay
-0,470 -1,811 . .-4,301 -0,051

1.2.2. Cédc todn tit di truyén [1]
Ung véi tirng khéng gian bi€u difn khdc nhau, 88 ¢é nhitng 16p todn ti khdc nhau:

A. Vi khing gian nhs phdn (Bic'u dién nher vecto' nhi phdn): '

Todn té chon cd thé’ (select). Ld mdt phién bdn md phéng cda qué trinh chon loc ty nhién
(trong 46 méi c4 thd dwge bdo lwu trong véng sinh sdn tiép sau dya vio gié trj ham phd hop cla
né)

Céc buéec:

1. Tinh t8ng gi4 trj phd hep T cda cé thé,

2. Phét sinh nglu nhién mét 88 n, n € [0, T).

8. Xéc djnh thanh vién ma t8ng ddn gid trj phd hep > n.

Todn tu lay ghép (crossover). Gid s di lya chon xdc suflt lai ghép peross:
Phét sinh mdt 88 nglu nhién r trong khodng [0, 1).

Néu r < peross chon nhiém sc thd dé 48 lai ghép.

Xéc djnh ngfu nhién vj trf lai ghép pos, pos€ (1,..., 1.

T (bzbz e bponbpon-ﬂ e b!) ta cé (blbﬂ vee bpolcpoﬁl vea Gl)-

Tt (eyeq.. +CpoaCpon+1+++C1) ta ¢ (cyeq... Cposdpos-t1 .+ bi).
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Todn t d¢t bidn. GQid sk Py, 14 xdc suflt 48t bién .
Ph4t sinh mét 88 nglu nhién r khodng (0, 1].
N&u r < pyy, ti€n hanh dt bién tai bit dé (chuyén d8i 1 — 0 hofc ngwyce lai).

B. V&1 khéng gian a8 thyc (Bi€u dién nhé vecto 86 thyc):

V1 chiing xt Iy trén khéng gian s8 thyc, nén céc todn ti ching ta st dyng & diy hodn todn

khéc bigt véi cée todn tit di truydn c8 dién (thao téc trén cée bit 0, 1).
Chiing ta g6p céc todn ti vdo hai 1é6p chuln: a6t bién, lai ghép Nhiing todn ti ndy didu chlnh

qué trinh tim ki€m trong khéng gian.

Nhém todn td dgt bidn

o D§t bién déu:

Chon nghu nhién gen k (trong 88 céc gen cé thé bidn d8i trong nhifm sic thé & A dwgc xdc
dinh hign tai). N€u &f = (Ay, ..., Ak, ..., An) 1& mdt nhi€m shc thé, thl m8i phlin t Ay cé co hdi dét
bién nhw nhau. K& qud cda phép 48t bién d¥u 1A c4 thé méi St = (A4, ..., 4}, ..., An), trong 46
1 < k < n, vd A} 12 mdt gid trj nghu nhién mi8n rang bude [k, uk).

Vi dy:

.Gid st phlin t thit 3 Ag) cla vecto 83 = 0,221; -0,901; -4,361; -0,010) dwge chon ddt bién As
thugc [-4,6631,-3,631]; do 46 A} sé dwgc chon nghu nhién trong khodng [-4,631-3,631); chdng han
Al = 4,12,

o D&t bién khéng déu:

LA mét trong nhitng todn ti& cé nhidm vy didu chinh n¥ng lyc tiém tdng cda h§ th8ng. Néu
8¢ = (Ay, ..., Ak, ..., An) 1& mdt nhifm sic thd va phln ti Ay dwge chon ti¥ nhitng gen cé thé d&t
bién. K&t qué. 12 vecto aft! = (A1, ALy An), VEi1 < k< nvh

. { Ay + A(t,uk — Ag) néu k¢ 88 nghu nhién 1a 0 (1)
7\ Ax - A(t, Ax = )  nfu k¢ 86 ngu nhién 1a 1 (2)

(Trong chwong trinh, ta d§t (1) néu k 18 (2) néu k chén).
Ham A(t,y) trd vé mét gid trj trong mién [0, y| theo céng thirc:

Aty y) = y*(1 - =YD,

trong 46 r 14 mgt 88 nghu nhién trong khodng (0, 1], T' 12 thé h§ (t8ng s8 vong 1§¥p), b l1atham 88 h§
th8ng chl mirc 48 vecto khéng d8u va ¢ 12 thé hé dang khdo sét (vdng l&p hién tai).

Vi dy:

Gid sl phin t& tht 2 (A3) cda vecto sy = (-0,370;-0,950;-4,071;- 0,061) dwge chon cho djt
bién. Bidt A, thugc [-1,816,-0,815),

V1 k=2 chin nén A} = Az — A(t, (0,950)-(-1,815)) = Az — A(t,0,865).

Gid sl r = 0,4;t/T = 0,8; b= 2,

A(t,0,865) = 0,865*(1-0,4%") = 0,865%0,6 = 0,519;
do dé A} = -0,950 - 0,619 = -1,469 E[ 1,815; 0815]

Nhém todn té las ghép:

e Lai ghép don gidn dwgc xéc djnh nhu sau:

Néu &} = (v1,..,0) VA 8%, = (w1, ..., wy) duge lai ghép sau vj trf thi k, két qud & 1a:
,:"H = (Uhms Uk, wk+1|-"|wm) vi 3:u+1 = (wll'--:whtuk+1|-“|vm)-

VA dy:

Chon hai nhiém séc thé:

8p = (-0,320;-0,930;-3,950; 0,031); ag = (0,351;-0,970;-4,410;-0,011).

Cho lai ghép sau vj trf thi 2, ta cé két qud:
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sh = (-0,320;0,930;-4,410;-0,011); o} - (0,351;-0,070;-3,950;0,081).
o Lai ghép 88 hoc don dwgc xdc djnh nhu sau:
Néu &% = (v1,...,upm) VA &, = (wy,...,w) duge lai ghép thi két qua la:
3t|+1 = (Vg 00 Yy vy V) VA ’EH - (wls oy Wy eroy W),
$dé1<k<Sm v, =a'wy+ (1—a)vx vh wf = a*vy + (1 — a)*wy, a 1 gid trj dwge x4c djinh theo
vecto’ 8, va 8,,. Chinh xdc hon, a dwgc chon trong pham vi:

[max(a, 8), min(y, 6)],
a € 4 [0,0], néu vy = wy
[max(y, §), min(a, 8)],

trong 46
o= (I —wk)/(vk—wk), B = (ur—vk)/(we=vs), v= (I —va)/(wn —vi), § = (up—ws)/(vs = wy).

VI dy:
L&y hai nhifm sic thé: : 8
85 = (+0,320;-0,030;-3,950;-0,031); sg = (0,351;-0,970;-4,410;-0,011).
Cho lai ghép tai vj trf thi 8, biét Ay thudc [-4,631;-3,631), ta cb két qud
o = ((-4,681) - (-4,410)) / ((-8,050) - (-4,410)) = -0,48;
B = ((-3,631)-(-3,950)) / ((-4,410) - ('31950)) = «0,69;
v = ((-4,631)-(-3,050)) / ((-4,410)- (-3,950)) = -1,48;
§ = ((-3,631)- (-4,410)) / ((-8,950) - (-4,410)) = 1,69,
a €(-0,48,1,48). Gid st a = 1, ta cé ,
oy = (-0,320;-0,030;-4.410;-0,031); ag = (0.351;-0,970;-8,950;.0,011),
o Lai ghép s8 hoc todn cyc 1a t8 hgp tuyén tinh cia hia vectoL
Néu s}, = (vy,...,um) vd &8, = (wy, ..., wp) dwge lai ghép, thl két qud 1a:

véi a 1A mét tham 88 € [0, 1)
Ve dy:
Chon hai nhiém sfc thé:
a5 = (-0,320;-0,930;0,081); #g = (0,351;-0,970;4,410;-0,011)
dé lai ghép; gid st a = 0,6. Do viy céc phlin t cda s} 88 1a:
pht1 = (0,351)*0,6-+0,4*(-0,320) = 0,083; pht2 = (-0,970)*0,6--0,4*(-0,320) = -0,954;
pht3 = (-4,410)*0,6-+0,4*(-3,060) = -4,226; phtd = (-0,011)*0,6+0,4*(0,081) = 0,008,
Téec 1d s = (0,083;-0,054;-4,226;0,008).
Céc phlin ti cda sf 88 1:
pht1 = (-0,320)*0,6+0,4*(0,351) = -0,062; pht2 = (-0,930)*0,6--0,4*(-0,970) = -0,048;
pht3 = (-3,050)*0,6+0,4*(-4,410) = -4,134; phtd = (0,031)*0,6--0,4*(-0,011) = 0,014,
Do viy, sg = (-0,052;-0,946; -4,134; 0,014).

2. UNG DUNG

Chiing tCi A& 4p dyng gidi thufit di truy8n cho bai todn mé phéng qué trinh chiét dung méi
héa hoc.



GIAI THUAT DI TRUYEN: K¥ THUAT VA UNG DYNG 8

T hdm phi tuyén héa hec (3
Y = A;*C* oxp(-As*C4** H, )

véi cde bién vio gdm:

C 1A n8ng 49 kim logi cho vao ban dhu trwéc khi cn bing;

H 14 n8ng 4§ axit ban diu;
cin wéc lwgng céc tham 8 (A1, Az, As, Ay) 42 cye tidu héa ham sai 88 (theo phucmg phép binh
phuong t8i thi€u twong d8i) [4)

S = i[(}’; - Yy thuyét)/Y;)?,

=1

‘trong 46 N 1 68 1&n th{ nghigm.

BAi todn ndy dwoc quy v8 bai todn cyc ti€u hdm phi tuyfn bén bién vdo. D gidi né, cé thé
thye hin qua hai buée:

Budc 1. Tién zd ly: 8 dyng k§ thuft h8i qui A xéc djnh miSn rang budc ban diu
(A3, —6, A + &]; (A3 — &, A3 + ¢]; A3 — €, A3 + ]; (A3 — &, A3 + ¢];
((A3, A3, A3, A3) 1A bd nghigm dwge wée lwgng tir phwong trinh {83/8A¢ 0}), gid trj ¢ 13 h§ #8
b1€n thlﬁn du‘q‘c chqn mét cdch phi hep.

Buéc £: Trén co s& midn rdng bugc ban dBu d& dwge xéc djnh, &p dyng gidi thuft di truydn
d¢ tim dén két qua t8t hon cda bai toén.

Phén tfch két qud thi nghigm

o B¢ a6 ligu vdo 1d két qud t& cdé thi nghiém hda hoc:

86 1in thay d8i ndng 48 kim logi Nd = 4.

86 18n di8u chinh nBng.d4 axit H tng véi ndng 48 kim lopi C=0,050000 1a: 4.
Ning 48 axit H -0,100000 -0,050000 0,000000  0,200000
Ty 88 Y 7,500000  2,000000 0,890000 0,050000

88 I&n di8u chinh n¥ng d8 axit H tng véi ndng dd kim logi C = 0,100000 la: &
Néng 49 axit H -0,200000 -0,150000 -0,100000 0,000000 0,200000
Tys8 Y 3,390000 1,650000 1,020000 = 0,360000 0,030000

S8 18n di¥u chinh ndng 48 axit H #ng véi ndng 46 kim loai C = 0,200000 1a: &
Ning 49 axit H -0,200000 -0,150000 -0,100000 0,000000 0,200000
Tys8Y 6,700000 . 0,520000 0,370000 0,180000 0,030000

88 18n 4i8u chinh ndng 4% axit H tmg véi nBng 8 kim logi C = 0,300000 1a: 5
Néng d§ axit H  -0,200000 -0,150000 -0,100000 0,000000 0,200000
TV 88 Y 0,390000  0,300000  0,230000 0,120000 0,020000

o Chay thi véi b§ dir ligu trén:

+ S¢ dyng phwong phdp wéc lwgng hdm hdi quy véi b¢ di¥ ligu trén thu dwoe b$ tham 88 ban
dBu (s& 1d dBu vao d8i véi gidi thugt di truydn):
A} = 0,019; A3 = -1,315; A3 = -4,131; A3 = 0,447 dng véi hAm eai s8 ban dBu S = 0,690, Sa.u dé,
dp dyng g:ii thuﬁt ch truy‘&n véi € = 0.5 nh§n du'q'c nhiing két qud duéi diy.
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+ Ap dyng gidi thudt di truyn cé’ dién (khong glan bifu difn nhj phén vA cée todn tit di
truy$n c8 di€n). Chon

« 86 18n sinh sdn (s8 18n 1§p) T = BO; ‘

- 88 lwgmg phlin ti¥ (chibu dai cda nhifm sdc thé): 4*26 = 100 (25 bit bidu dién 1 bién);

- Kfch ¢& tgp hop (s8 lwgng nhifm skc thé) pop.size = 20;

- Xéc suflt 49t bi€n P.mu = 0,08;

= Xdc suflt lai ghép don gidn P.cross = 0,25,

Sau 5 1in chay thi, két qud t8t nh&t thu dwge 13

A; = 0,028, Aj = -1,223, A3 = -4,170, A4 = -0,438 véi sai 88 § = 0,671,

Thei gian thye hign ¢t = 1 phit 45 gidy.

+ Ap dyng gidi thugt di truyén cds tidn (véi khéng gian bidu difn 12 céc 88 thyc va toén ti di
truy8n d& dwge cdi ti€n). Bift cdc tham s8:

- 88 18n tao sinh (s8 1in l§p) T = 50; ‘

- 88 lwgng phin tit (s8 lwgng bién hay 1a chidu dai cda nhifm sdc thé): 4;

- Kich c¢& quin thé (s& lwgng nhifm sfic thé) pop.size = 20;

- Xéc suflt 48t bién déu P.mut = 0,08;

- Xéc suflt A8t bidn khéng déu P.mut = 0,07;

- Xéc suflt lai ghép don gidn P!.cross = 0,1;

- Xéc suflt lai ghép s& hoc todn bd P? cross = 0,1;

- Xéc suflt lai ghép s hoc don P%.cross = 0,1;

- Tham 88 tinh d€ lai ghép s8 hoc todn b a = 0,25;

« Tham 88 diing trong 48t bién khéng d¥u b = 2,0, .

Sau 5 18n chay thi (trén mdy 386 DX), két qud t8t nh&t thu dwee la:

Ay = 0,02, Ay =-1,259, A; = -4,183, A4 = -0,430 vé&i sai 88 § = 0,582,

Thei gian thye hign ¢ = 10 gidy.

+ Ap dung phwong phdp gradient truyén théng thu dwge két qud sau:

Ay = 0,020, Ag = 1,269, As = -4,108, A4 = -0,440 véi sai 88 § = 0,583,

Thei gian thye hign ¢ = 9 giby.

So sdnh ba két qud nhdn thdy:

V% mit th¥i gian, phuong phép gradient truy¥n th8ng 1a nhanh nh&t. Song két qua sai 88 dat
dwgce tir gidi thugt di truy¥n cdi tién 12 t8¢ nhit (ghn véi gid trj cyc tidu ddng). Véi d§ chénh l§ch
thoi gian khéng dédng k€, gidi thudt di truyén cdi ti€n d& dat dwge gid trj cyc ti€u hgp ly (t8t hon
90 véi hai phwong phép dwgc dwa ra). Tir d6, cé thé két lugn: vife cdi tién gidi thuft di truyln,
chuyén tir khéng gian bi€u difn tinh (kidu nhj phin) sang khéng gian bi€u dién ddng (s8 thyc) cling

nhw vi§c chuy&n 48i cc todn tit di truy¥n 1A cin thidt. Nh¥ d6, hodn todn cé thé &p dyng gidi thugt
di truy¥n 48 gidi quy8t céc bai todn t&i wu trong thyc td.

8. KET LUAN

Céc két qud nghién ctu, thit nghiém thu dwge cho thfy dwge tinh khd thi khi 4p dyng gidi
thugt di truy¥n 4¢€ gidi céc bai todn t8i wu, thém chf d8i véi cdc hadm nhidu bién phi tuyén., Hon
nira, ching cdn dwa ra mét cdch tidp cfn méi khéc véi nhirng ti€p cn truydn théng trong qué trinh
gidi quyét bai todn t8i wu. Cy thé, véi bai todn md phdng qué trinh chidt dung méi, 44 chi ra réng
néu &p dyng k§ thubt hdi qui, ¢6 thé xdc dinh dwgc b tham 88 (A, A3, A3, Aj), song diy chwa I
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b} tham 8 t&i wu, Gii thugt di truy8n gidp ta cé thd chuydn ti by (A3, A3, A3, A3) v8 b8 tham
o8 81 wu (A}, A3, A3, A3).
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