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CAC KY THUAT LAI GHEP TRONG GIAI THUAT DI TRUYEN
GIAI BAI TOAN CAY KHUNG NHO NHAT V&1 DPUONG KiNH Bl CHAN

HUYNH THI THANH BINH, NGUYEN PUC NGHIA

Vién Cong nghé thong tin va Truyén thong, Pai hoc Bdch khoa Ha Noi

Abstract. Given a connected, weighted, undirected graph G = (V, I/) and a positive number D.
The Bounded Diameter Minimum Spanning Tree problem (B M ST) is to find spanning tree on GG
with the smallest weight, in which no path between two vertices contains more than I edges. This
problem is N P-hard for 4 < D < |V|—1. This paper proposes multi-parent recombination operator
using three different methods to choose parents for crossover in genetic algorithm for solving Bounded
Diameter Minimum Spanning Tree Problem. Three methods to choose the edges in parents are also
applied. Results of computational experiments are reported to show the efficiency of proposed parent

selections.

Tém tét. Cho do thi vo6 hudng, lién thong, cé trong s6 G = (V. E) va mot s6 nguyén duong D.
Bai todn cay khung nhé nhat véi dudng kinh bi chan (BDMST) doi hdi tim cay khung ¢6 trong s&
nhé nhat trong s6 cic cay khung c6 dudng kinh khong vuot qua D. BDM ST 13 bai todn N P-khé
véi 4 < D < |V| — 1. Bai bdo nay giéi thieu ky thuat lai ghép da cha me st dung ba phurrong phép
chon cha me khéc nhau cling véi ba phuwong phap chon canh dé lai ghép trong gidi thuat di truyén
gidi bai toan BDMST. Két qud thuc nghiém da tién hanh cho thay hiéu qua cia thuat toan di

truyéen véi ki thuat lura chon cha me duoc dé xuit.

1. MO PAU

Bai todn cay khung nhé nhat véi dudmg kinh bi chan -Bounded Diameter Minimum
Spanning Tree (BDM ST 1a bai todn t6i wu t6 hop c6 nhiéu ing dung trong thiét ké mang
[5], nén dir liéu va trong cdc thuat todn lién quan t&i hé phan tan [4, 26]. Phét bieu day du
va cac tng dung cia BDMST duwoc giéi thiéu chi tiét trong luan vin tién sy cia Abdalla
2].

Truéce khi phéat biéu bai todn BDM ST, ta nhic lai moét s6 khai niém co ban lién quan
té1 dwong kinh cia cay va tam. Cho mot cay khung 7', do léch 1é6n nhat cia mot dinh v 13
do dai (tinh bang s6 canh) cia duomng di don dai nhdt tir v t6i cdc dinh khic. Puwong kinh
cia cay T, ky hiéu diam(T), 1a do léch 1ém nhat cia cic nit trén cay T (do dai dwong di dai
nhét gitra hai dinh bat k¥ trén cay T'). Gia st dwong kinh cia cay dugce xdc dinh bdi dwong
di vg, v1, vo, YUk [ V] & | 4100 Uk Néu k chan thi V| k] la tam cda cay. Néu k 1& thi ’Uth] va
Uk la tam cia cay, dong thoi trong trueomg hop nay, canh (’Uth],’uthH) duwoc goi la

canh tam.
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Cho G = (V, F) 1a mot do thi vo huémg lién thong véi trong s6 dwong trén cic canh w(e),
e € E. Bai toan BDMST cé thé phat bieu nhw sau: trong s6 céc cay khung cia do thi &
c6 dudmg kinh khong vt qua D, hay tim cay khung c6 trong s6 nhd nhét (trong s6 cia cay
khung 13 tong trong s6 trén céc canh ctia né). Khong gidm tong quét, gid st rang G 1a do
thi day du.

Mo hinh todn hoc ctia bai todn cé thé phat biéu nhu sau:

N N N
Tim cue tiéu ham

ecT
véi dieu kien, T = (V, E) - cay khung cia do thi G; diam(T) < D.

Bai todn da dwoc chitng minh 1& N P-khé khi 4 < D < |V| —1 (xem [6]). Hon thé nira,
viec giai xap xi BDM ST ciing 1a bai todn khé. Trong [18] da chitng minh 14 khong ton tai
thuat todn da thic tim 101 gidi log|V| xap xi, ngoai trir P = N P. Nhu vay, cdc ky thuat
heuristic va meta-heuristic 1a cdc k¥ thuat chap nhan dwoc d€ cai tién chat lwong 1o giai cho
bai toan BDM ST, dac biét la khi [V 16n.

Bai bdo trinh bay ky thuat lai ghép da cha me st dung ba phuwong phdp chon cha me khéc
nhau dé lai ghép trong gidi thuat di truyen gii bai toan BDMST. Ky thuat lai ghép da cha
me de xuat sit dung nhiéu hon hai cha me dé lai ghép ra moét con. Ba phuwong phép Iwa chon
cha me duwgce trinh bay trong bai: dwa trén khodng cidch Levenshtein giita cdc ¢4 thé dé chon
cha me, chon nhirng c4 thé t6t nhat trong quan thé dem di lai ghép, chon céc cd thé ngau
nhién trong quan thé dé lai ghép. Bai bdo ciing so sanh két qua gidi thuat di truyen st dung
ba phwong phap chon cha me khac nhau dé€ lai ghép ciing véi giai thuat di truyén st dung
toan tit lai ghép hai cha me trong [25] clia Raidl va Julstrom dé cho thdy sw khac nhau gitra
cac todn tir lai ghép. Véi moi phwong phép chon cha me, bai bdo ciing thit nghiém véi s6
cha me khac nhau d€ cho thay su khéc biét khong nhitng vé phwong phép chon cha me ma
ca vé s6 lwong cha me dwoc chon trong gidi thuat di truyén giai bai toan BDMST.

Bai bdo dwoc trinh bay trong 5 muc. Muc 2 trinh bay téng quan vé bai todn BDMST.
Muc 3 m6 ta phép todn lai ghép deé xuat dé gii bai toan BDMST. Céc két qua thuc nghiém
dwoc trinh bay trong Muc 4. Muc 5 trinh bay két luan v hwéng phét trién.

2. TONG QUAN VE BATI TOAN BDMST

Téng quan vé bai toan BDMST

Céc ky thuat dé gidi bai toan BDMST dwoc chia lam hai hwéng: gidi chinh xdc va gidi
gan ding. Céch ti€p can dé giai chinh xéc bai toan BDM ST duwa trén quy hoach tuyén tinh
nguyeén [3, 8]. Gan day, Gruber va Raidl trinh bay giai thuat nhdnh va cit dwa trén quy
hoach tuyén tinh nguyén 0-1 [9]. Tuy nhién, céc cach tiép can nay chi gidi dugce bai todn cé
kich thuéc nhé (chang han d6 thi ¢ kich thuée nhé hon 100 dinh).

Abdalla [1] da gigi thiéu gidi thuat heuristic tham lam, One Time Tree Construction
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(OTTC), dé gidi bai toan BDMST. OTTC dwgce dua trén thuat todn Prim [23]. Gidi thuat
bat dau tir mot tap cac dinh dwoc chon ngau nhién. Tap dinh nay dwoc lap lién tuc va mé
rong bang cach thém dinh méi gan né nhat vao néu dinh nay két nap ma khong bi vi pham vé
rang buoc dwong kinh. Thuat toan nay cé do phitc tap O(n?). Thuat todn phu thudc nhiéu
vao dinh khdi tao [28].

Raidl va Julstrom [25] da dé xuat mot giai thuat cdi tién cia giai thuat OTTC, véi tén
goi Random Greedy Heuristics (RGH). RGH bat dau tir tam bang cich chon ngau nhién
mot dinh va coi d6 1a tam 6 dinh trong sudt gidi thuat. Sau dé, thuat toan lip lai cdc bude
thém dinh mé&i vao cay khung. Pinh méi nay dwoc chon ngau nhién trong tap dinh con lai
va duoc ndi vao cay khung sao cho canh néi ¢é trong s6 nhd nhat ma van ddm bdo rang buoc
vé dudomg kinh ciia cay.

Raidl va Julstrom cling dé xuat gidi thuat di truyén st dung ma héa danh sich canh [25]
va ma héa hodn vi [15] dé gidi bai toan BDM ST. Ma héa hoan vi dwoc danh gid la c6 két
qué t6t hon ma héa danh sdch canh nhung tén nhiéu thoi gian chay hon. Mot gidi thuat di
truyen khic dwoc giéi thiéu trong [16] dua trén ma héa khéa ngau nhién (random key). Giai
thuat nay cting twong tw nhw gidi thuat di truyén ma héa hoan vi. Trong [10], Gruber st dung
bon kiéu lan can dé thuwc hién tim ki€m cuc bo 1an can bién thién gidi bai todn BDMST.
Ngay sau dé, Raidl va Julstrom [17] st dung céc ki€u lan can bién thién nhu trong [16] va
nhing vao gidi thuat t6i wu héa dan kién (Ant Colony Optimization - ACO) va giai thuat di
truyen dé giai bai todn BDM ST. C4 hai giai thuat dé xuat (ACO va G A) deu sir dung cdu
tric tim kiém cuc bo 1an can bién thién dé nang cao chit lwong 1o gidi. Nghia va Binh [20]
de xuat ky thuat lai ghép da cha me trong gidi thuat di truyen dé giai bai toan BDMST.

Gan day, Singh va Gupta [28] dé xudt hai cdi tién cia gidi thuat RG H heuristics (trinh bay
trong [25]) va gidi thuat di truyén gidi bai toan BDM ST (tén goi trong bai bdo 1a PEA —1T).
Gidi thuat RGH — I trinh bay trong [28], v&i tén goi RG H trong bai bdo nay, sé lap dé nang
cao chat lrong tir 1o gidi tim dwoc tir gidi thuat RGH bang céch st dung dot bién thay thé
canh tham lam. Trong tai liéu [28] chi ra rang RGH — I ¢6 két qua t6t hon cic két qua thu
dwoc tir cdc gidi thuat heuristic da biét dé gidi bai todn BDMST. PEA — I sit dung ma héa
hoan vi. PEA — I cho két qua kha tot trong s6 céc gidi thuat giai bai toan BDMST. Trong
[12], Binh va céc téc gid da thuwc hién mot bién thé khic cia giai thuat RGH, véi tén goi
RGHs. RGHs twong tw nhw RGH nhung khi két nap mot dinh méi thuat todn sé chon ngau
nhiéu trong tap dinh con lai v ndi véi mot dinh ngau nhién trong tap dinh da két nap ma
van ddm béo rang buoc vé dwong kinh cia cay. Binh va cdc téc gid cliing dé xuat giai thuat
di truyen lai da quan the, trong dé moi quan thé dwoc khéi tao bdi cac giai thuat heuristic
khac nhau.

Két qua cia giai thuat di truyén phu thudc nhiéu vao cdc tham s6: toan tir lai ghép, toan
tir dot bién, x4c sudt lai ghép, xéc suat dot bién va kich thwéc quan thé Da cé nhiéu bai
béo nghién ctru vé giai thuat di truyén giai bai toin BDMST [1, 2, 8, 9, 10, 11, 12, 21, 13,
14, 15, 16, 17, 18, 28] va cdc bai toan N P-khé khdc nhung chwa ¢é ¢ong trinh nghién citu nao
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tim hi€u ve s khic nhau gitta céc ky thuat lai ghép. Vi vay, bai bdo nay trinh bay ky thuat
lai ghép da cha me sit dung ba phwong phép chon cha me gidi thuat di truyén giai bai todn
BDMST clng véi ba cach chon canh tir cha me dé két nap vao cay con. Hy vong rang cac
phuong phéap dé xuat khong chi hiéu quéa doi véi bai toan dwoc xét trong bai bdo nay ma con

¢6 thé ap dung t6t véi cac bai toan khéc.

3. GIAI THUAT DI TRUYEN PE XUAT
3.1. Biéu dién ca thé

Céc phuwong phép biéu dién cay khung da dwoc nghién citu ve ly thuyét va dp dung
trong cic bai todn cu thé rat nhieu [22, 7, 27]. Déi véi bai toan BDM ST, ba phuwong phap
bieu dién dwgc quan tam: ma héa danh sich canh (edge-set-coded [24, 25]), ma héa hoédn vi
(permutation coded [15, 28]), va ma hda khéa ngau nhién (random key representations [16]).
Bai bdo nay sit dung phwong phdp mé héa danh sich canh dé biéu dién cdc nhiém sic thé
nhw trong [24] da trinh bay.

3.2. Khdi tao
St dung cdc gii thuat heurisitc OTTC, RGH, RGH,, RGH, dwoc trinh bay & trén dé

khédi tao quan the.
3.3. Toan ti lai ghép

Trong gidi thuat di truyen, toan tir lai ghép sé tao ra con méi ké thira cac tinh chat cia
cha me. Trong phép todn lai ghép truyen thong, con sé dwoc tao ra tir hai cha me nhung
trong toan tit lai ghép dé xuat & day, con sé dwoc tao tir nhiéu cha me nham ké thira nhieu
tinh chat tot cia cha me.

Truée khi trinh bay thuat todn, ta dwa ra mot s6 ky hiéu sau. V la tap dinh cia do thi.
Té] 1a cay thit ¢ trong tap cha me. T, la tap canh cia cay con, C' la tap dinh cia cay ¢6 do
sau nhé hon %7 U la tap cdc dinh chwa két nap vio cay.

So do cia phép toan lai ghép da cha me.

F;: the edges in ¢ parents (i € {1..k})

T — 0;

\\| Determine center

If D is even then

vg «— random center in T[7];
U~V —{w}
C —{vo};
depth|vg| < 0;
Else

(vg, v1)«— random center in T'[¢];

T —{(vo,v1) };
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U—V—{vov1};
C —{vo,v1};
depth|vg| < 0;
depth|vi] « O;
\\ Loop for adding edge into tree Ay: the edges in Fj which connect to the centers
While U # § do
Choose the edge;
T—TU{(uv)};
U—U-—{vk
depth|v| < depth|u] + 1;
If depth[v] < |Z2] then
A = A U the edge in Fj, which connect to v;
C— CU{v};
Return T

Dinh bat dau vy dwoc chon ngau nhién trong T'[k]. Néu D chan, v la mot tam. Néu D
1&, dinh vy sé dwoc chon ngau nhién trong T'[k] va canh (v, v1) sé la canh tam.
Trong toan tir lai ghép, phwong phap chon cha me va chon canh két nap vao cay con déng

vai tro Tt quan trong. Bai bdo nay dé xuat ba phwong phép chon cha me nhuw sau.

1. Phwong phép b: Sap xép cic cé thé trong quan thé tang dan theo trong s6. F la tap x
c4 thé dau tién. Chon ngau nhién k ci thé trong tap I dem di lai ghép. (toan tir lai
ghép k).

2. Phwong phap 7: Chon ngau nhién k c4 thé trong quan thé dem di lai ghép (toan tit lai
ghép ko).

3. Phwong phép [: Sap xép céc c4 thé trong quan thé theo thit tu ting dan cia trong
s6. F la tap a c4 thé dau tién. Chon k c4 thé dem di lai ghép dua trén khoang cich
Levenshtein gitta ching. (todn ti lai ghép k3).

Tuy nhién, viéc chon canh trong cha hosc me dé két nap vao ciy con ciing déng vai tro
quan trong. Vi vay, bai bdo ciing thit nghiém véi ba phwong phép chon canh tir cha me dé
két nap vao cay con nhu sau:

1. Chon canh ngau nhién tir cha me (d)

x A D
Chon (u,v) € A; ngau nhién: depthlu] < |3 |

2. Chon canh nhé nhat (m)

Chon (u,v) € A; : min{cli, j],i € C,j € U, depthli] < [5]};

3. Chon canh nhé nhét trong 16p canh chung lén nhat (g)

k < s6 cha me dem di lai ghép;
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Giai thuat di truyén sit dung cdc phuwong phép chon cha me va chon canh nhw da trinh
bay & trén dé gidi bai toan BDM ST dwoc ky hiéu 13 EA — ayk. Trong dé:

a: phwong phép chon cha me (x = b, r,1);

y: phuong phdp chon canh trong cha me (y = d,m, g);

k: s6 cha me.
3.4. Toan t& dot bién

St dung bon todn tir dot bién: dot bién xod canh, dot bién dich chuyén tam, doét bién

thay thé canh tham lam, dot bién t6i wu hod cay con nhu trong [12].

4. CAC KET QUA THUC NGHIEM

4.1. Dit liéu thi¥ nghiém

Dit liéu thir nghiém trong bai bdo nay dé giai bai toan BDM ST da dwoc st dung trong
[12, 21, 13, 14, 15, 16, 17, 20, 25, 28]. Céac dir lieu nay la do thi day du Euclidean va cé thé
dugce tai vé tir http://tomandtun.googlepages.com/phd. Bai bdo chon ndm bo dir lieu dau
tién cho cic kich thuéc do thi n = 100,250, 500, va 1000 (s6 dinh cia do thi). Puong kinh
bi chin twong tng la 10, 15, 20, 25 (t6ng 6 c6 20 bo dir liéu).

4.2. Céac thuc nghiém

Bai bdo thir nghiém hai thue nghiém. Dau tién, so sanh cdc giai thuat di truyen £ A —xyk
v6i cliing s6 cha me (k) nhung phwong phép chon cha me va cich chon canh trong cha me
khéc nhau dé gidi bai todn BDMST. Bai bdo thir nghiém Ian lwot véi céc gia tri k& khac
nhau 2, 5, 7, 9 va véi ba phuong phap chon cha me va ba cach chon canh trong cha me nhw
da trinh bay trong phan trén. Trong thwc nghiém tht 2, bai bdo so sdnh céc gidi thuat di
truyen KA — xyk gidi bai toan BDMST véi s6 cha me khac nhau.

4.3. Tham s6 thyc nghiém

Céc gidi thuat di truyen thir nghiém giai bai todn BDM ST dwoc khéi tao bang cac thuat
toan heuristic OTTC, RGH, RGHy, RGH; véi ty 1é twong tng 1 25%. Kich thwéc quan thé
va s6 thé hé twong g la 100 va 500. S6 cha me (k) dwoc chon 1a 2, 5, 7, 9. Céc quan thé
duoc Iwa chon tran dau kich thuée 3 va xdc suiat lai ghép 1a 0, 5. Xéc sudt dot bién ing véi
dot bién xo4 canh, dot bién dich chuyén tam, dot bién thay thé canh tham lam, dot bién toi
uwu hoa cay con 1a. 0,7, 0,2, 0,8 va 0, 5.

Moi thue nghiém chay 30 lan cho moi bo dit lieu. Céc thwe nghiém duwoc thue hién trén
may Pentium 4 Centrino 3.06 GHz CPU, 512MB RAM.

4.4. Céc két quad thuc nghiém

Céc két qud thuc nghiém cho thay:

Dai véi toan tir lai ghép 2 cha me
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Hinh 6. So sénh téng céc gi4 tri tot nhét tim dugc bing
cac thuat toan EA-xgk trén tht ca céc bo dit liéu
(x={b,r,1},k=12,5,7,9})
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Hinh 10. So sanh téng cac gia tri tot nhat tim dugc
bang cac thuat toan EA-xy7 trén tat ca cac bd dix liéu
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Hinh 11. So sanh tdng cac gia trj tot nht tim dwoc
bang cac thudt toan EA4-xy9 trén tat ca cac bd dit li€u

Hinh 12. So sanh tdng céc gia trj tot nht tim dwoc
bang cac thuat toan EA-xdk trén tit ca cac bo dit liéu
ce=1{b,7 1}, k=1{2,5,7,9})
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Hinh 13. So sanh tong céc gi4 tri tot nhat tim duoc Hinh 14. So sénh tdng cac gié tri tét nhit tim duoc
bang cac thudt toan EA-xgk trén tat ca cac bd dit liéu  bing cac thudt toan EA-xmk trén tit ca cac bd dit lidu
x=1{b,r, I}, k=1{2,5,7,9}) (x=1{b,r, 1}, k=1{2,5,7,9})

e Hinh 1 cho thay két qua tot nhat tim dwoc tir gidi thuat di truyén sir dung

Toan tit lai ghép k;i: phuwong phép chon canh d 14 t6i nhat, phwong phép chon
canh g 13 tot nhat.

Toan tit lai ghép ko: phuwong phép chon canh d 14 t6i nhat, phwong phép chon
canh m 1a t6t nhat.

Toan tir lai ghép ks: phwong phdp chon canh d 13 t6i nhat, phwong phép chon
canh m 1a t6t nhat.

Toan tir lai ghép ko va phwong phép chon canh d 13 tot nhat; todn tir lai ghép &k
va phurong phap chon canh d la toi nhat.

e Hinh 8 cho thay két qua trung binh tim dwoc tir giai thuat di truyen st dung

Toan tir lai ghép ki, phwong phap chon canh m la to6i nhat, phwong phép chon
canh ¢ la tot nhat.

Toan tir lai ghép ko, phwong phap chon canh m la to6i nhat, phwong phép chon
canh ¢ la tot nhat.
Toan tit lai ghép ks, phwong phap chon canh m la toi nhdt, phwong phdp chon
canh d 13 tot nhat.
Toan tir lai ghép ki va phwong phép chon canh ¢ 1 tot nhat; toan tir lai ghép k3

va phwong phap chon canh m 1a toi nhat.

Do véi toan tir lai ghép 5 cha me

e Hinh 2 cho thay két qua tot nhat tim dwoc tir gidi thuat di truyén sir dung
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Toan tir lai ghép ki, phwong phap chon canh m la to6i nhat, phwong phép chon
canh d la tot nhat.
Toan tir lai ghép ko, phwong phap chon canh m la toi nhat; phwong phép chon
canh ¢ la tot nhat.
Toan tit lai ghép ks, phwong phap chon canh m la toi nhdt, phwong phdp chon
canh d 13 tot nhat.
Toan tir lai ghép k3 va phwong phép chon canh d 13 tot nhat; toan tir lai ghép k3

va phwong phap chon canh m 1a toi nhat.

e Hinh 9 cho thay két qua trung binh tim dwoc tir giai thuat di truyen st dung

Toan tir lai ghép ki, phwong phap chon canh m la toi nhat; phwong phép chon
canh d la tot nhat.
Toan tit lai ghép ks, phwong phap chon canh m la toi nhat; phwong phdp chon
canh g 13 tot nhat.
Toan tir lai ghép ks, phwong phap chon canh m la toi nhat; phwong phép chon
canh d la tot nhat.
Toan tir lai ghép ki va phwong phép chon canh d 13 tot nhat; toan tir lai ghép k3

va phwong phap chon canh m 1a toi nhat.

Do véi toan i lai ghép 7 cha me

e Hinh 3 cho thay két qua tot nhdt tim dwoc tir gidi thuat di truyen st dung

Toan tir lai ghép ki, phwong phap chon canh m la toi nhat; phwong phép chon
canh d la tot nhat.
Toan tir lai ghép ko, phwong phap chon canh m la toi nhat; phwong phép chon
canh g 13 tot nhat.
Toan tit lai ghép ks, phwong phap chon canh m la toi nhat; phwong phip chon
canh d la tot nhat.
Toan tir lai ghép k3 va phwong phép chon canh d 13 tot nhat; toan tir lai ghép k3

va phwong phap chon canh m 1a toi nhat.

e Hinh 10 cho thay két qua trung binh tim dwoc tir gidi thuat di truyen st dung

— Toan ti lai ghép kq, phwong phap chon canh m la toi nhat; phwong phép chon

canh d 13 tot nhat.

— Toan ti lai ghép ko, phwong phap chon canh m la toi nhat; phwong phép chon

canh d la tot nhat.
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— Toan tir lai ghép ks, b&i phuwong phap chon canh m 1a t6i nhat; phwong phép chon
canh d la tot nhat.
— Toan tir lai ghép kq va phuong phép chon canh d 13 tét nhat; todn tir lai ghép ks

va phwong phap chon canh m 1a toi nhat.
D4 véi toan tir lai ghép 9 cha me
e Hinh 4 cho thay két qua tot nhat tim dwoc tir gidi thuat di truyén sir dung

— Toan ti lai ghép kq, phwong phap chon canh m la toi nhat; phwong phép chon
canh d la tot nhat.

— Toéan tir lai ghép ko, phwong phap chon canh m la to6i nhat; phwong phép chon
canh g 13 tot nhat.

— Toéan tir lai ghép ks, phwong phap chon canh m la to6i nhat; phwong phép chon
canh d 13 tot nhat.

— Toan tir lai ghép k3 va phuong phép chon canh d 13 t6t nhat; todn tir lai ghép ko

va phwong phap chon canh m 1a toi nhat.

e Hinh 11 cho thay két qua trung binh tim dwoc tir gidi thuat di truyen st dung

— Toéan tir lai ghép k;, phwong phap chon canh m la to6i nhat; phwong phép chon
canh d 13 tot nhat.

— Toan ti lai ghép ko, phwong phap chon canh m la toi nhat; phwong phép chon
canh d la tot nhat.

— Toan ti lai ghép ks, phwong phap chon canh m la toi nhat; phwong phép chon
canh d la tot nhat.

— Toan tir lai ghép kq va phuong phép chon canh d 13 t6t nhat; todn tir lai ghép ko
va phwong phap chon canh m 1a toi nhat.
So sanh két qua tim dwoc gitta s6 cha me chon dé€ lai ghép khic nhau va phwong phap

chon cha me khac nhau trong cdch chon canh d dé két nap canh vao cay con.

e Hinh 5 cho thay, két qua tot nhat tim dwoc khi sit dung todn tir lai ghép ks va s6 cha
me 1& 7 hodc 9 1a tot nhat. Két qua tot nhat tim dwoc khi sir dung toan tir lai ghép &y

va s6 cha me 14 2 13 toi nhat.

e Hinh 12 cho thiy, két qua trung binh tim dwoc khi sit dung toan ti lai ghép ks va so
cha me 14 7 hosc 9 13 tot nhat. Két qua tot nhat tim dwoc khi sir dung toan tir lai ghép

k1 va s6 cha me la 2 1a toi nhat.
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So sanh két qua tim dwoc gitta s6 cha me chon dé lai ghép khéc nhau va phwong phap

chon cha me khéc nhau trong céch chon canh g dé két nap canh vao cay con.

e Hinh 6 cho thay, két qua tot nhat tim duoc khi sit dung todn tir lai ghép ko va s6 cha
me 14 7 13 t6t nhat. Két qua tot nhat tim duoc khi sit dung toan tir lai ghép ks va so

cha me la 2 1 toi nhat.

e Hinh 13 cho thay, két qua trung binh tim dwoc khi st dung toan tir lai ghép ky hoic
todn tir lai ghép ks va s6 cha me 14 5 ho#ic 7 1a tot nhat. Két qua t6t nhat tim dwoc
khi stt dung toén tit lai ghép ks va s6 cha me la 2 14 toi nhat.

So sanh két qua tim dwoc gitta s6 cha me chon dé lai ghép khéc nhau va phwong phap

chon cha me khéc nhau trong cich chon canh m dé két nap canh vao cay con.

e Hinh 7 cho thay, két qua tot nhat tim duoc khi sit dung todn tir lai ghép ko va s6 cha
me 13 7 13 t6t nhat. Két qua tot nhat tim duoc khi sit dung toan tir lai ghép ki va so

cha me 13 5 13 toi nhat.

e Hinh 14 cho thay, két qua trung binh tim dwoc khi st dung todn tit lai ghép k1 va s6
cha me la 9 1a t6t nhat. Két qua tot nhat tim dwoc khi sir dung toan tir lai ghép k3 va
s6 cha me 13 2 13 toi nhat.

So sanh két qua tim dwoc gitta s6 cha me chon dé lai ghép khéc nhau va phwong phap

khéc nhau dé chon canh két nap vao cay con trong toan tir lai ghép k.

e Hinh 1, 2, 3, 4 cho thay, két qua tot nhat tim dwoc khi sit dung s6 cha me lai ghép 1a
7 va phwong phdp chon canh g 14 t6t nhat. Két qua tot nhat tim dwoc khi st dung s6

cha me lai ghép la 2 va phwong phép chon canh m 1a toi nhat.

e Hinh 8, 9, 10, 11 cho thay, két qua trung binh tim dwoc khi sir dung s6 cha me lai ghép
14 9 va phwong phéap chon canh d 1a tot nhat. Két qua trung binh tim dwoc khi sit dung
s6 cha me lai ghép 1a 2 va phuwong phép chon canh m 1a to6i nhét.
So sanh két qui tim dwoc gitta s6 cha me chon d€ lai ghép khac nhau va phwong phap khéc

nhau dé chon canh két nap vao cay con trong toan tir lai ghép ks.

e Hinh 1, 2, 3, 4 cho thay, két qua tot nhat tim duwoc khi sit dung s6 cha me lai ghép 1a
7 hodc 9 vi phuong phap chon canh d 13 tot nhat. Két qua t6t nhat tim dwoc khi st
dung s6 cha me lai ghép 14 2 va phwong phéap chon canh d la toi nhat.

e Hinh 8, 9, 10, 11 cho thay, két qua trung binh tim dwoc khi sir dung s6 cha me lai ghép
14 9 va phwong phéap chon canh d 1a tot nhat. Két qua trung binh tim dwoc khi sit dung

s6 cha me lai ghép 1a 2 va phuwong phép chon canh m 1a to6i nhét.
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KET LUAN

Bai béo vira trinh bay ba phwong phap chon cha me va chon canh dé két nap vao con trong
todn tir lai ghép cia gidi thuat di truyen gidi bai toan BDMST. Cac phuwong phap dé xuat
chon cha me da cho thay tinh hiéu qua trén cdc bo dir liéu http://tomandtun.googlepages.com /phd.

Trong cac nghién citu tiép theo, tdc gid sé thit nghiém véi cdc tham s khac nhau trong
toan tir lai ghép da cha me dé gidi bai toan BDMST va ciing sé dp dung toan tir lai ghép
da cha me dé€ gidi bai toan N P-khé khéc trén do thi va hy vong cic phwong phép dé xuat

khong chi hiéu qud ddi véi bai todn nay ma con cd véi nhiéu bai todn N P-khé khac.
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