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MO DAU

1. Tinh cdp thiét ciia ludn dn

Trong thyc té va khi xdy dung cic hé thong tin, ta thuong gip cac bai toan tdi
vu t6 hop (TUTH). Trong d6 phai tim cac gia tri cho cac bién rodi rac dé 1am cuc
tri ham muc tiéu nao do. Pa sb cac bai toan nay thudc 16p NP-kho. Trir céc bai
toan ¢& nho ¢ thé tim 1o giai béng cich tim kiém vét can, con lai thi thuong
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khong thé tim dugc 1oi giai ti uu.

Dbi véi cac bai toan ¢d 16n khong co phuong phéap giai dung, dén nay nguoi ta
van dung cac cach tiép can sau:

1) Tim kiém heuristic dé tim 1oi giai du tét;

3) Tim 1oi giai gan ding nho cac thudt toan mo phong tu nhién nhu: moé phong
luyén kim, giai thuat di truyén, t6i wu bay dan,...

Hai cach tiép can dau thuong cho 161 giai nhanh nhung khong thé cai thién thém
161 giai tim dugc, nén cach tiép can thtr ba dang dugc s dung rong rai cho cac bai
toan cd lon.

Trong cac phuong phdp md phong tu nhién, toi wu dan kién (Ant Colony
Optimization - ACO) 1 cach tiép can metaheuristic twong d6i méi, dugc gidi thicu
b1 Dorigo ndm 1991 dang dugc nghién ctru va img dung rong rai cho cac bai toan
TUTH kho.

Cac thuat toan ACO str dung két hop thong tin kinh nghiém (heuristic) va hoc
ting cuong qua cac vét mui ctia cac con kién nhéan tao dé giai cac bai toan TUTH
bang cach dua vé bai toan tim duong di t6i uu trén d6 thi cau tric twong tng cua
bai toan. Phuong phap nay duoc ap dung rong rii dé giai nhiéu bai toan kho va
hiéu qua ndi trdi ciia chiing so véi cac phuong phap mod phong ty nhién khac da
dugc chimg t6 bang thyc nghiém.

Khi ap dung cac thuat toan tdi vu dan kién thong dung nhu ACS va MMAS,
ngudi ta phai tim mot 101 giai du tdt, trén co s& d6 xac dinh cac tham sé cho cén
trén va can dudi coa vét mui. Didu nay gay nhiéu kho khin khi 4p dung thuét toan
cho céc bai todn méi. Ngoai ra, lugng mui cip nhat cho mdi thanh phﬁn trong dd
thi ty 1€ v&1 gia tr1 ham muc ti€u cua 101 giai chira n6 li€u ¢6 phan anh dung thong
tin hoc tdng cuong hay khong cling con phai thao luan.

Viéc nghién ctru sdu hon vé cac thuat toan ACO va ung dung cta nd dang duoc
nhiéu ngudi quan tim. Tir ndm 1998 dén nay, ct 2 nam thi c6 mot hoi nghi quéc té
vé phuong phéap nay to chirc & Brussels.



2. Muc tiéu cua ludn dn

1) Phan tich xu thé bién thién cta vét mui trong cac thuat toan ACO, trén co s&
d6 dé xuét cac quy tac cap nhat mui dé st dung va hiéu quéa hon.

2) Dé xuit cac thuat toan gidi mot s6 bai toan thoi su.

3. Cac dong gop cua ludn dn

Dua trén cac phan tich toan hoc, luan an dé xuit cac quy tac cap nhat mui: Pa
mirc (MLAS), Max Min tron (SMMAS). Uu diém ndi trdi ctia thuat toan duoc
kiém dinh bang thuc nghiém ddi véi cac bai toan chuan nhu: lap lich san xuat (Job
Shop Scheduling - JSS), nguoi chao hang (Traveling Salesman Problem - TSP),
quy hoach toan phuong nhi phan khong rang budc (Unconstrained Binary
Quadratic Programming - UBQP). Truong hop cac thong tin heuristic ¢ anh
huong nhiéu t6i két qua tim kiém, luan an dé xuat quy tic 3 mic (3-LAS) va kiém
dinh hiéu qua ctia nd qua bai toan nguodi chao hang. Thyc nghiém cho thiy hiéu
qua cuia cac quy tic ndy nhu nhau nhung quy tic SMMAS don gian va dé st dung
hon, thich hgp cho tng dung rong rai.

Nho quy tac cap nhat mui SMMAS, luan an dé xut cac thuat toan moi ung
dung cho bai toan suy dién haplotype, bai toan tim tap hat giong t6i wu. Ngoai ra,
luan an cling dua ra lugc do ung dung ACO, thuat toan di truyén xac dinh tham s6
khi dung phuong phap SVM (Support Vector Machine - SVM) cho bai toan dy bao
hoat dong diéu hoa gen. Uu diém ndi troi cua cac dé xuit méi duoge kiém nghiém
bang thuc nghiém trén dir liéu tin cay.

4. B6 cuc cua ludn dn
Ngoai phén két luan, luan an duoc t6 chirc nhu sau.

Chwong 1: Luan an gidi thiéu mot phat biéu bai toan tdi uu té hop dang tong
quat dé tién dung vé sau.

Chuwong 2: Nhiing nét chinh ctia phuong phap tdi uu dan kién duogc gidi thiéu
trong chuong 2.

Chuwong 3: Duya trén phan tich toan hoc vé bién thién vét mui, luan an dé xuét
cac thuat toan moi MLAS, SMMAS va 3-LAS, hiéu qua cta thut toan dugc kiém
nghiém trén hai bai toan c6 dién TSP va UBQP.

Chuong 4: Trinh bay thuat toan ACOHAP giai bai toan suy dién haplotype.

Chuwong 5: Trinh bay thuat toan AcoSeeD giai bai toan tim tap hat gidng tdi vu
g dyng trong tim kiém twong ddng ctia cac chudi sinh hoc.

Chuwong 6: Gi6i thiéu thuat toan GASVM va ACOSVM dé cii tién du bao hoat
dong diéu tiét gen.



Chwong 1. T6i wu té hop

1.1. Bdi todn t6i wu té hop tong qudt

Vé mit hinh thtrc, mdi bai toan TUTH tng voi mot bo ba (S, f, ), trong d6 S
la tap hitu han trang thai (10 giai tiém ning hay phuong an), £ 1a ham muc tiéu
xac dinh trén S con Q Ia tap cac rang budc. Mdi phuong 4n s € S thoa man cac
rang budc Q goi 1a phuong an (hay 10i giai) chap nhan duge. Muc dich cua ta 1a
tim phuong an chdp nhan dugc s* toi vu héa toan cuc ham muc tiéu f. Di voi
mdi bai toan, tdn tai mot tap hitu han gom n thanh phan € = {c,, ..., ¢,} a0 cho
mdi phuong 4n s trong S déu biéu dién duoc nho cac lién két cua cac thanh phan
trong nd. Cu thé hon, cac tap S, C va Q ¢ cac dic tinh sau.

1) Ky hiéu X la tap cac vecto trén C d6 dai khéng qua h: X = {< ug,..., u; >
u; C Vi <k <h}, khi 46 mdi phuong an s trong S dugc xac dinh nhd it nhat mot
vecto trong X nhu ¢ diém 2.

2) Ton tai tdp con X* cia X va anh xa ¢ tir X* 1én S sao cho ¢~ *(s) khéng rong
VGi moi seS. Trong d6 tap X* c¢6 thé xay dung dugce tir tap con C, nao d6 cua C
nhd mo rong tuan tir dudi day.

3) Tur Cy mé rong duoc thanh X™* theo thu tuc tuan tu:

1) xo = < uy >la mo rong duge voi moi uy € Cy,.

i) Gia st x;, =< Uy, ..., U, > la mé rong duoc va chua thugc X*. Tu tap rang
budc Q, xac dinh tap con J(x;) cta C, sao cho v&i moi ug,q € J(xy) thi x4, =<
Ug, - -, U, U1 > 12 m& rong duogc.

iii) V&i moi ug € Cy, thi tuc mod rong néu trén xdy dung duoc moi phan tir ciia
X*.

Nhu vay, mdi bai toan TUTH duoc xem 14 mot bai toan cuc tri ham h bién,
trong d¢6 mdi bién nhan gia tri trong tap hitu han C ké ca gia tri rong. Mot céch
nhin khac, n6 12 bai toan tim kiém vecto do dai khéng qua h trén do thi day c6 cac
dinh c6 nhén trong tap C.

1.2. Cacvidu

Hai bai toan ngudi chao hang (TSP) va quy hoach toan phuong nhi phan khong
rang budc (UBQP) duoc gidi thiéu lam vi du cho céc bai toan TUTH.

1.3. Cdc cdch tiép cdn
Cac cach tiép can nhu tim kiém heuristic, tim kiém cuc bd, metaheuristic va
thuat todn memetic can ding vé sau dugc gidi thiéu trong muc nay.



Chwong 2. Phwong phap téi wu dan kién

Téi uu dan kién (ACO) 1a mot phuong phap metaheuristic dua trén ¥ tudng mo
phong cach tim dudng di tir t6 toi ngudn thie dn cua cac con kién ty nhién. Dén
nay n6 duoc cai tién da dang va c6 nhiéu tng dung. Trudc khi gidi thiéu phuong
phap ACO, luan an gidi thiéu phuong thic trao doi thong tin gian tiép cua cac con
kién thuc va mé hinh kién nhan tao.

2.1. Tir kién thwc dén kién nhdn tao

Trén duodng di, mdi con kién dé lai mot chat hoa hoc goi la vét mui dung dé
danh dau duong di. Bang cach cam nhan vét mui, kién c6 thé 1an theo dudng di
dén ngudn thire an duoc cac con kién khac kham pha theo phuong thic chon ngau
nhién c6 dinh hudng theo néng do vét mui dé xac dinh duong di ngan nhat tir to
dén nguodn thuc an.

Mo phong kién tu nhién, ngudi ta ding da tac tir (multiagent) 1am dan kién nhan
tao, trong do mdi con kién c6 nhiéu kha nang hon kién tu nhién. Mdi con kién
nhan tao (vé sau s& goi 1a kién) c6 bo nha riéng, c6 kha ning ghi nhé cac dinh da
tham trong hanh trinh va tinh dugc d6 dai dudng di nd chon. Ngoai ra cac con kién
c6 thé trao doi thong tin co duoc vai nhau, thuc hién tinh todn can thiét, cap nhat
mui...

Nho céc con kién nhan tao nay (vé sau ciing goi don gian 1a kién) Dorigo (1991)
da xay dung hé kién (AS) giai bai toan ngudi chao hang, hiéu qua cua né so Voi
cac phuong phap mo phong ty nhién khac nhu SA, GA d3 duoc kiém chang bang
thuc nghiém va dugc phét trién, ang dung phong phu véi tén goi chung 1a phuong
phap ACO.

2.2. Phwong phdp ACO cho bai todn TUTH téng quadt
Muc ndy gidi thiéu tém luge phuong phéap toi wu dan kién. Trude khi mo ta
thuat toan tong quat, ta can tim hiéu vé do thi cdu trac cho bai toan tdi uu t6 hop.

2.2.1. Do thi ciu tric

Xét bai toan TUTH tong quat dugc néu trong muc 1.1 dudi dang bai toan cuc
tiéu hod (S, f, ), trong d6 S 1a tap hitu han trang thai, £ 1a ham muc tiéu xac dinh
trén S con Q 1a cac rang budc dé xac dinh S qua cac thanh phan cua tap hitu han €
va cac lién két cua tap nay. Cac tap S, C va Q ¢ cac dic tinh da néu trong chuong
1.

Nhur ¢4 noi trong chuong truéce, mdi bai toan TUTH dugc Xem nhu mot bai toan
tim kiém vecto d6 dai khéng qua h trén db thi day, cac dinh ¢ nhan trong tap C.
Dé tim cac 10i giai chap nhan duoc, ta xay dung db thi day vai tap dinh ¥V ma mdi
dinh ctia n6 twong tng véi mdi thanh phan cua €. Cac 101 giai chip nhan duogc 1a
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cac vecto xay dung tuan tu theo thu tuc bude ngau nhién nhu mo ta chi tiét trong
muc 2.2.2.

Thong thuong, ddi véi cac bai toan thudc loai NP-kho, nguoi ta cd cac phuong
phap heuristic dé tim 151 giai du t6t cho bai toan. Cac thuat toan ACO két hop
thong tin heuristic nay véi phuong phap hoc ting cuong nhd moé phong hanh vi
ctia dan kién dé tim 1oi giai t6t hon.

Gia st véi mdi canh ndi cac dinh i, j € C ¢o trong sd heuristic h; dé dinh huéng
chon thanh phan mé rong 12 j khi thanh phan cubi cta x;, 1 i theo thu tuc tudn tu
(hij >0 ¥(i,j)). Ky hiéu H 1a vecto cic trong sd heuristic ctia canh tuong tng
(trong bai toan TSP no c6 thé 13 vecto ma thanh phan 1a nghich dao d6 dai cua
canh twong tng), con 7 1a vecto biéu thi cac thong tin hoc ting cudng Tij (vé sau
goi 1a vét mui, ban dau duoc khdi tao bang 7,>0) dinh huéng mo rong x;, VOi
thanh phan cudi 1a i nho thém thanh phan j theo thu tuc tuan tw. Trudng hop dic
biét, h; ; va t; ; chi phy thudc vao j thi cac thong tin nay chi dé ¢ cac dinh twong
tmg. Khong giam tong quat, ta s& xét cho truong hop cac thong tin ndy & cac canh.

Khi d6 ta goi d6 thi G = (V, E, H, 7) 1a do thi cdu trdc caa bai toan toi wu to hop
dang xét, trong d6 V la tap dinh, H va 7 la cac thong tin da ndi ¢ trén con E 1a tap
canh cua dd thi sao cho tir cac canh nay co thé xay dung dugc tap X* nho mé rong
tap C, theo thi tuc tudn tu. Néu khong co thong tin heuristic thi ta xem H c6 cac
thanh phan nhu nhau va bang 1.

2.2.2. M6 ta thuit toan ACO tong quat

Véi diéu kién két thuc da chon (6 thé 1a sé budc lap hoic va thoi gian chay cho
trudc), ngudi ta ding dan kién m con thyc hién lip xay dung 10i giai trén do thi
cau tric G = (V,E,H, 7) nhu sau. Trong mdi lan lip, mdi con kién chon ngiu
nhién mot dinh u, € C, lam thanh phan khai tao x, = {u,} va thuc hién xdy dung
101 giai theo thil tuc budc ngau nhién dé xay dung 10i giai. Dua trén 1oi giai tim
duoc dan kién s& thuc hién cap nhat mui theo cach hoc tang cuong.

Thi tuc buée ngiu nhién

Gid st x;, =< Uy, ..., U > la mo rong duge, tir cac rang budc (1 xac dinh duoc
tap con J(x;) cua C sao cho v&i moi Uy4q € J(x) thi Xpepp =< Ug, .o o) Up, Uy >
12 m& rong dugc hodc xj, eX* khi J(x;,) 12 rdng. Binh j = u,,, dé mé rong dugc
chon véi xéc suat P(j) nhu sau:

7] [hij)” .
P(j) = Zze][(xg[f[iz]‘]"][hulﬁ J €J () (2.1)
| 0 j €I |

Quaé trinh m¢ rong tiép tuc cho tai khi kien r tim duoc loi giai chap nhan duoc

x(r)trong X* vado do s(r) = p(x(r)) eS.
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Pé tién trinh bay, vé sau ta s& xem x(r) va s(r) nhu nhau va khong phan biét
X" Vvoi S.

Cap nhat mui

Tuy theo chat luong cua 101 giai tim dugc ma vét mui trén mdi canh s& duoc
diéu chinh ting hodc giam tuy theo danh gia mirc 46 wu tién tim kiém vé sau. Vi
vay, quy tic cap nhat mui dugce dung lam tén goi thudt toan va thudng c6 dang:

T« A —p)t; +AGH) Y (L)) (2.2)
Cac budc thuc hién cua cac thuat todn ACO dugc mo ta trong hinh 2.4.

Procedure Thuat toan ACO;

Begin
Khoi tao tham s6, ma tran mui, khai tao m con kién;
repeat

fork =1tomdo

Kién k xay dung 10i giai;
end-for

Cap nhat mui;

Cap nhat 101 giai t6t nhat;
until (Piéu kién két thuc);
Pua ra 10i giai t6t nhat;

End;

Hinh 2.4: Thuét toan ACO

Nhan xét chung vé cac thuit toan ACO

Nho két hop thong tin heuristic, théng tin hoc ting cudng va mdé phong hoat
dong cua dan kién, céc thuat toan ACO ¢6 cac uvu diém sau:

1) Viéc tim kiém ngiu nhién dya trén céc thong tin heuristic 1am cho phép tim
kiém linh hoat va mém déo trén mién rong hon phuong phap heuristic sén c6, do

2) Su két hop hoc ting cudng thong qua thong tin vé cudng do vét mui cho
phép ta timg budc thu hep khong gian tim kiém ma van khong loai bo cac 1oi giai
tét, do d6 nang cao chat lugng thuat toan.

Chu y. Khi 4p dung phuong phap ACO cho mdi bai toan cu thé, c6 ba yéu td
quyét dinh hiéu qua thuat toan:

1) Xdy dung do thi cdu tric thich hop. Viéc xay dung dd thi cdu trac dé tim
dugc 101 giai cho bai toan theo thu tuc tuan tu khong khé. Kho khan chinh 1a véi
céc bai toan c& 16n thi khong gian tim kiém qua rong, doi hoi ta str dung céc rang
bude Q mot cach hop 1y dé giam mién tim kiém cho mdi con kién. Cach xtr 1y bai
toan suy dién haplotype & chwong 4 minh hoa cho diéu nay.



2) Chon théng tin heuristic. Thong tin heuristic tot s& tang hiéu qua thuat toan.
Tuy nhién, nhiéu bai toan ta khong c6 thong tin nay thi c6 thé danh gia chung nhu
nhau. Khi d6 lac ban dau, thuat toan chi don thuan chay theo phuong thirc tim
kiém ngdu nhién, vét mui thé hién dinh huéng cia hoc ting cudng va thuit toan
van thuc hién duogc.

3) Chon quy tic cdp nhdt mui. Quy tac cap nhat mui thé hién chién lugc hoc cua
thuét toan. Néu d6 thi ciu trac va thong tin heuristic luén phu thudc vao tirng bai
toan cu thé thi quy tic cap nhat mui 12 yéu t6 phd dung va thuong dung dé dit tén
cho thuat toan. C6 nhiéu quy tic cap nhat mui da dugc dé xuat, trong ludn an nay
chung t6i s& tim quy tac thich hop cho hai loai bai toan tuty theo thdng tin heuristic
anh huong nhiéu hay it téi thu tuc tim kiém 10 giai.

2.3. Phwong phap ACO gidi bai toan TSP

Bai toan nguoi chao hang (Traveling Salesman Problem - TSP) la bai toan co
nhiéu ung dung trong thuc té, dugc phat biéu nhu sau: mot nguoi gidi thiéu san
pham mudn tim mot hanh trinh ngan nhat, xuat phat tir thanh phé ctia minh, di qua
tat ca cac thanh phé ma khach hang can gidi thiéu san pham va sau d6 trd vé thanh
phd xuat phat véi diéu kién cac thanh phd ciia khach hang chi di qua dung mot lan.

Bai toan TSP thudc loai NP-kho va duoc xem 1a bai toan chuan dé danh gia hiéu
qua cua cac thuat toan giai cac bai toan TUTH méi. Thuat toan ACO dau tién
duoc goi 1a hé kién (Ant System - AS), cac thuét toan ACO vé sau 1a cai tién cua
AS va déu dung bai toan TSP dé thir nghiém chit luong.

Trong myc nay gi6i thidu cac thuat toan chinh dé giai bai toan nay nhu 1a vi du
minh hoa cho phuong phap ACO.

Hé kién (AS)

Trong mdi budc lap, sau khi tat ca cac kién xay dung xong hanh trinh, vét mui
s& dugc cap nhat. Viéc nay sé thuc hién nhu sau: trude tién tat ca cac canh s& bj
bay hoi theo mot ti 18 khong ddi, sau d6 cac canh c6 kién di qua s& duoc them mot
lrong mui. Viéc cap nhat mui duoc thuc hién nhu sau:

Ty < (1= p)1y; + Xpe, AT V(i j) €E, (2.5)
trong d6 Azf; 1a lugng mui do kién k cap nhat trén canh ma kién k di qua. Gia
tri nay bang:
Atk = {ﬁ néu canh.(i,j) thudc T* (2.6)
0 nguoc lai

trong d6 C* 1a do dai hanh trinh T¥ do kién k xay dung, gié tri nay duoc tinh
bang téng d6 dai cac canh thudc hanh trinh. Theo cdng thuc (2.6), cac canh thudc
hanh trinh tét hon s& duoc cap nhat nhiéu hon. Néi chung, canh ndo cang cd nhiéu
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kién str dung va l1a canh thudc hanh trinh ngan sé cang duoc cap nhat moi nhiéu
hon va do d6 s& dugc céc kién lya chon nhiéu hon trong cac vong 13p sau.

Hiéu qua cua thuat toan AS so vai cac phuong phap metaheuristic khac c6 xu
huéng giam khi kich thudc bai toan ting vi vay da c6 nhiéu nghién ciu tap chung
cai tién thuat toan AS.

Hé dan kién (ACS)

Thuat toan ACS (Dorigo & Gambardella, 1997) khéac véi AS & ba diém chinh.

- Thtr nhat, d6 1a sy khai thac kinh nghiém tim kiém manh hon AS théng qua
viéc sir dung quy tac lra chon dua trén thong tin tich lily nhiéu hon.

- Thir hai, viéc bay hoi mui va dé lai mui chi trén cac canh thudc vao 1oi giai tét
nhat dén lic d6 G-best (cap nhat mui toan cuyc).

- Thar ba, mdi lan kién di qua canh (i, ;) dé di chuyén tir i dén j, vét mui s& bi
giam trén canh (i,j) dé ting cuong viéc tham do dudng méi (cap nhat mui cuc
bo).

Hé kién Max-Min

Thuat toan MMAS (Stutzle & Hoos 2000) dé xuat voi bon diém thay doi so Voi
AS.

- Tha nhat, dé tang cuong kham phé loi giai tot nhat tim duoc: chi kién co 1oi
giai tot nhat tim duoc trong lan lap (I-best) hoic tét nhat dén lan lap dé (G-best)
duoc cap nhat mui.

- Tht hai, MMAS giéi han vét mui s& thuoc [Tmim, Tmax]-

- Thir ba 1a vét mui ban dau duoc khéi tao bang 7,4, va hé s6 bay hoi nho
nham ting cudng kham pha trong giai doan dau.

- Piém thay d6i cudi cung 1a vét mii s& dugc khoi tao lai khi tic nghén hoic
khong tim duoc 1oi giai tét hon trong mot s6 budc.

2.4. Mgt sé'vdn dé khdc khi ap dung ACO
Gutjahr khoi dau cho nghién ctu dac tinh hoi tu caa thuat toan MMAS khéng
c6 thong tin heuristic. Ky hiéu P(t) 1a xac suat tim thay 10i giai cua thuat toan
MMAS trong vong t phép lap, w(t) 1a 1oi giai tt nhat ¢ budc lap t. Nho sir dung
mo hinh Markov khong thuan nhat, Gutjahr di chting minh rang véi xac suit bang
ltaco:
1) lim;Le w(t) = w*, lim;,, P(t) =1 (2.12)
M6 hinh nay ctia Gutjahr khong &p dung dugc cho ACS. Truong hop MMAS
khong ¢ thong tin heuristic, Stiitzle va Dorigo di chirng minh rang:
Ve >0, véitdulonthi P(t) > 1 — e, (2.14)
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do d6 lim; . P(t) = 1. (2.15)
Céc tac gia ciing suy ludn rang két qua nay ciing ding cho ACS. Véi gia thiét da
tim dwoc 10i giai t6i vu sau hitu han budc, Stiitzle va Dorigo suy ra rang vét mui
cua céac canh thudc 161 giai tdi vu tim duoc hoi tu dén Tmax CON vét mui trén cac
canh khong thudc 161 giai nay hoi tu vé T,,;,, hodc 7,.
Tiép theo trong ludn an gidi thiéu mot sé ky thudt nang cao hiéu qua va giam
thoi gian chay cua thuat toan nhu tim kiém cuc bo, thuc hién song song hoa, thong
tin heuristic va chon sb luong kién.

Chwong 3. Tinh bién thién cta vét mui va cac thuat toan méi

Nhu da néi trong chuong trude, Gutjahr, Stiitzle va Dorigo da xét tinh hoi tu
theo xac suat t6i 101 giai téi wu cia MMAS, ACS va sy hoi tu cia cudng do vét
mui cho céc bién thé cua thuit toan MMAS ma chua khao sat cho ACS.

Tuy nhién trong cac bai toan toi uu to hop thi sé phuong an 1a hitu han nén két
qua vé viéc xac suat tim thay 10i giai hoi tu vé 1 khi s6 1an l3p dan ra vo han 13
khong c6 nhiéu y nghia. Trong chuong ndy luan an phén tich chi tiét hon vé cac
ddc tinh bién thién cua vét mui trong cac thuit toan ACO thong dung, trén co s
d6 dé xuit cac quy tac cap nhat mui méi. Két qua thyc nghiém trén cac bai toan
TSP va UBQP cho thiy wu diém cua cac dé xut ndy.

Trudce khi phan tich toan hoc, ta biéu dién lai thuét toan dudi dang dé khao sat
hon.

3.1. Thudt todn tong qudt

Xét mot bai toan TUTH cuc tiéu hoa (S, f, ) trong muc 2.2 véi dd thi cau tric:
G = (V,E, H, 1), trong d6 V 1a tap dinh, E 1a tap cac canh, H 1a vecto cac trong s6
heuristic cua canh tuong tng, con 7 1 vecto vét mui tich luy duoc (ban dau dugc
khéi tao bang 7,>0), C, la tap dinh khoi tao dé xay dung céc 10i giai chap nhan
duoc theo thi tuc budc ngau nhién. Thuat toan st dung m kién, thuc hién N, budc
13p x4y dung 15i giai nhd tha tuc bude ngau nhién nhuw mo ta trong muc 2.2.

3.1.1. Quy tic chuyén trang thai
Gia st kién r di xay dung x, =< u,,...,i > 1a mé rong duoc, nd chon dinh
y thudc J(x;) dé mo rong thanh xp,; =< Uy, ..., i,y > X4c suat cho boi cong thirc
(3.1):
iy hiy
P(y/t,x) = Zfemz) iy Y © ](xk)-
0 y & J(xx)

(3.1)



Qué trinh ma rong tiép tuc cho téi khi kién r tim dwoc 161 giai chap nhan duoc
x(r) véi @6 dai khong qua h.

Chu y. Quy tic nay khac mdt it so v6i quy tic chuyén trang thai ctia thuit toan
ACS va cong thic 2.1, nhung khong anh hudng t6i cac két qua phan tich toan hoc
vé sau.

Ky hiéu w(t) 1a 1oi giai tét nhat cac con kién tim dwoc cho téi lan lap tha ¢ va
wi(t) 1a 1oi giai tét nhat trong budc lap tha t, néu wi(t) khong tét hon w(t — 1)
ta cO w(t) = w(t — 1). Ta s& quan tam téi cac loi giai gan dung w(t) nay.

3.1.2. Cap nhat mui

O day luan &n xét hai quy tic dién hinh va duoc st dung phd bién nhat hién nay
Xuat phét tir ACS va MMAS. Gia str g 1a mot ham gia tri thuc xéac dinh trén S sao
cho 0 < g(s) < wo¥seS va g(s) > g(s) néu f(s) < f(s) (trong bai toan TSP
g(s) 1a nghich ddo do dai duong di tuong tng), khi d6 & mdi budce lip cuong do
vét mui s& thay d6i theo mot trong cac quy tic sau day.

Quy tic ACS: Quy tic nay phong theo ACS, bao gém ca cap nhat dia phuong
va toan cuc.

Cdp nhdt mui dia phwong. Néu kién k tham canh (i, ), tic 1a (i,j) € s(k) thi
canh ndy s& thay d6i mui theo cong thirc:

LjA—-p5; + pn (3.2)
Cdp nhat mui toan cuc. Cap nhat mui toan cuc chi cho cac canh thugc w(t):
5; « (A =pr; +pg(wt)) (3.3)

Quy tiic MMAS. Quy tic nay thuc hién theo MMAS. Sau khi mdi con kién déu
xay dung xong 10i giai & mdi budc lap, vét mui duge thay doi theo cong thirc:

Ti,j — (1 _,O)Ti,j + ATi,j (34)
Trong do,
_ (pg(w(®) (i,)) € w(t)
A = {max{n — (1= p)7y; 0} (i) & w(®) 49

& day 7,>0 1a tham sb.

3.2. Phan tich todn hoc vé xu thé vét mui

Muc nay chi nghién ctru tinh hoi tu cua cac thuat toan ACS va MMAS, sau khi
udc luong Xac suit tim thdy mot phuong an & budc 13p ¢, luan &n khao sat sy thay
ddi ctia vét mui.

3.2.1. Udc lwong xac suat tim thaly mot phwong an
Ménh dé 3.1. Cac khing dinh sau dung.

14
.....

a) Bai toan tong quat ludn c6 101 giai toi wu.
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b) V&i mdi két qua thuc nghiém, cac gia tri f(w(t)) ludn hoi tu cho mdi lan
chay khi t dan ra vo han.
c) Ta c6 danh gia sau.

0 < typin = min{fo; 5T g(W(l))} —<Ti,j <max{t, 71, gW(1))} = tmax (3.6)

*

Vé sau ta s& gia thiét ;< g(w(t)) Vt va nhu vay 7,4, = g*
Dinh nghia. V&i moi i thuoc V, dai luong k. (i) = min {Z# j, k€ V} duoc goi
ik

la hé s 1éch heuristic cua dinh i con dai lugng k, = min{k, (i):i eV} duoc goi la
hé sb 1éch heuristic ctia bai toan.
Véi moi s S, ta ky hiéu p,(t) 12 x4c suit dé m con kién tim duoc s ¢ budc lap
t, ménh dé sau cho ta mot udc lwgng can dudi cua no.
Dinh ly 3.1. V&i moi s €S va vai moi t, ta ludn co:
Ps (t) Z Pmin > 0 (3-7)
mkfrﬁi’in)

h+ha
N "Tmax

trong dO p,in Xac dinh boi cong thuce: py,,, = 1 — exp (—

pinh 1y 3.2. Vi moi > 0 bé tuy vy, ton tai T sao cho véi moi t > T ta déu
CO:P(t) >1—c¢

3.2.2. Pac tinh cuia vét mui

Ta thiy rang trong thuc té, & cac buéc lap t da Ién thi kha ning
gw())>g(w(t + 1)) (vado @6 w(t + 1)=w(t)) rit bé nén c6 thé tir bude lap ¢,
c6 cac canh (i, ) khéng bao gio thuoc vao w(t) Vt>t, hoac ludn thudc vao no. Ta
s& khao sat dic diém cua 7; j trong cac truong hop nay.

pinh Iy 3.3. Gia st canh (i, j) thudc vao 10i giai chdp nhan duoc s ndo d6 va ton
tai T sao cho (i,j) & w(t); Vt > T) thi cac khang dinh sau ding.

a) 7; ;(t) hdi tu theo xac sut t6i 7; néu dung quy tic cap nhat mui ACS.

T1

b) 7;;(t) =Ty véimoit > T + lnl(r:‘(i *p) néu dung quy tic cap nhat mui MMAS.

Pinh Iy 3.4. Gia st canh (i, j) e w(t) ¥t > T thi cac khing dinh sau dung.

a) Néu cap nhat mui theo ACS thi:

e, 25+ p 00D (3.13)
t—ow —1—p0

b) Néu cip nhat mui theo MMAS thi:
limz; ;(t) > g(w(T))
t—oo R (314)
3.3. Thdo ludn
Ta thay chat lugng cua thong tin heuristic tot s& nang cao hiéu qua thuét toan,
tuy nhién cac quy tic nay khong phai ludn c6 va rat kho can thiép dé thay do6i chat
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lugng. Do véy ta s& quan tdm t6i cach cip nhat mui dé nang cao chat lugng thuat
toan. Dudi day, sau khi nhan xét chung vé dic tinh khai thac va kham phé cta cac
thuat toan, luan 4n s& nhan xét vé cac quy tic cap nhat mui da néu & trén va dua ra
mot sd dé xuit.

Tinh khai thac 1a viéc tap trung tim kiém 1oi giai quanh pham vi cua cac canh
(i, /) thudc cac 1oi giai tot nhat da biét toi thoi diém dang xét con tinh kham pha 1a
tim kiém & cac pham vi khac. Trong cach cap nhat mui G-best, ta da biét w(t) nén
viéc tim kiém quanh no s& han ché nhiéu tinh kham pha con khi cép nhat theo I-
best s& mé rong mién nay hon. Vi vay trong thuc hanh cap nhat theo I-best tét hon
G-best.

Trong cac bai toan tdi wu t6 hop, thudng thi x4c sudt dé mot phuong an cho
trude duoc cac kién tim duogc trong mdi phép lip rat bé. Vi vdy c6 thé sau mot sd
budc lip cudng d6 vét mui trén mdi canh khong thuoc w(t) sé& bé va giam kha
nang kham pha duoc chung mic du chiing ¢6 thé van rat hira hen thudc 10i giai tét.
Chrfmg han, véi bai toan TSP ta ¢c6 ménh dé sau.

Ménh dé 3.2. Trong bai toan TSP khong dinh huéng, mdi chu trinh Hamilton
(duong lién) qua canh (i, j) va khéng qua canh (k, k) c6 thé d6i nhiéu nhat 7 canh
dé c6 dugc chu trinh di qua canh (k, h) ma khong qua (i, j).

Cac diém han ché ciia ACO.

Ménh dé trén cho thiy khi thuit toan méi bat dau, cac vét mui khoi tao nhu
nhau thi mot canh (k, h) “t6t hon” canh (i, j), do né thudc chu trinh dai hon ¢ thé
dao ngugc mdt cach rat ngau nhién. Khi mét canh do ngau nhién ma khéong duoc
cap nhat mui sau mot sé budc thi cudng d6 mui ciia nd nhanh chong bi giam
xuéng va khé duoc cac con kién chon sau d6 mac du “chat luong” cua nd chua
chic da 1a “xau”.

Néu khoi tao mui nhu nhau va khoéng dung thong tin heuristic thi xac suét cia
mdi canh duoc mdi con kién da cho sir dung trong lan lip dau 1a ﬁ, X4C suat nay
rat bé khi n 16n. Nhu vy tuy theo ting loai bai toan ma ty 1¢ gitta T, Va 7, rat co y
nghia dé can bang giita tinh kham pha va khai thac cua thuat toan.

Céc luong mui cap nhat cua ACS va MMAS phu thudc vao gia tri ham muyc tiéu
ctia 101 giai ma cac con kién x4y dung duoc trong cac bugce lap. Viée xac dinh cac
gia tri 7o, Ty haY Tmin » Tmax clng phu thudc vao tuwong quan vai cac gia tri chua
duoc xéac dinh trudc nay cta tirng bai todn thi thuat toan maéi tt duoc.

3.4. bé xudt cdac phwong phdp cdp nhdt miii moi

Duya trén cac phén tich trén, luan 4n dé xuat cic quy tac cai tién cia ACS va
MMAS.
a) Phuong phap cap nhat mui da mirc: MLAS
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Duya vao nhan xét & muc trudce, thay cho viéc bay hoi vét mui & cac thanh phﬁn
khong thudc céc 101 giai cia mdi con kién trong mdi lan cp nhat mui & mdi budc
lap ta cho T; VA T4, ting dan. Do 1éch giita 7, VA 7,4, cho phép ta diéu khién
tinh hoi tu va kham pha. Néu thay 10i giai tét it thay d6i thi cho 7; gan T,,4, dé
tang tinh kham pha va nguoc lai cho 7, dich xa T4, dé cho 101 giai tip trung tim
kiém quanh 10i giai tt nhat tim dugc.

Quy tic nay dd thir nghiém cho céc bai toan TSP va JSS cho két qua kha quan
s0 voi MMAS. Tuy nhién viéc diéu khién d6 1éch giita T; VA T4, rat kho cho cac
bai toan cu thé nén ching toi thay boi phuong phap 3-LAS sé trinh bay & phan c)
duoi day.

b) Phuong phap Max-Min tron: SMMAS

Dua vao nhan xét & muc trén, ta théy khong nén giam vét mui & cac canh khong
thudc 10i giai tét qua nhanh nhu quy tic MMAS ma nén ding quy tic Max-Min
tron nhu sau:

T; < (1 —p)tyj + ATy )
véi AT ; = {p Tmin 1EU (i) & W(D) (3.16)
, PTmax N€U (1, ]) € w(t)

Khi cai dat, lay 75 = 70-

c¢) Phuong phap 3-LAS

Pbi v4i cac bai toan ma thong tin heuristic anh hudng nhiéu téi chat lugng tim
kiém 101 giai, chdng han nhu bai toan TSP thi phuong phap 3-LAS tuong tu ACS
nhung dé dung hon va hiéu qua tot hon. Phuong phap nay dung thém tham s 7,,;4
thudc khoang (T,in, Tmax) Va Cap nhat mui twong tw SMMAS cho céc canh cé
kién sir dung hoic thudc w(t), cu thé la:

75 < (1 —p)tyj + A1y

PTmax néu (i,j) € w(t)
VOi AT j = { pTmig V(i,j) € w(t) va co kién di qua (3.17)
PTmin cho cac canh con lai

3.5. Nhdn xét vé cdc thudt toan maoi

Trong ba phuong phap cap nhat mui ¢ trén, hai phuong phap SMMAS va 3-
LAS don gian va dé sir dung hon nén luén an s& néu ra cac uu diém cta hai thuat
toan nay khi sir dung va nhan xét vé tinh bat bién cila chung.

U'u diém khi sir dung

Ta thay thuat toan SMMAS va 3-LAS c6 mot s6 uu diém noi troi sau so voi
ACS va MMAS.
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1) Véi ACS va MMAS, dé xéac dinh T, hay Tppin VA Tyax NEUOI ta cAn tim mot
161 giai theo phuong phap heuristic va dua vao gia tri ham muc tiéu ctua no. Vi gia
tri ham muc tiéu ndy nhan duoc ngau nhién, nén khé xac dinh tdt tham sb cho hoc
tang cuong. Quy tic cAp nhat mdi cho phép ta xac dinh cac tham sé nay don gian
va hop 1y hon, cu thé: trong SMMAS va 3-LAS ta khong can xac dinh chinh xac
gi4 tri Toin » Tmax Ma chi can xac dinh ti 18 gitta T, , Tmay. Trong thuc nghiém,
luan 4n ludn thiét dit t,,, = 1.0 va xac dinh t,;, qua ti 1& gifra Toi, , Tmax. CAn
nhin manh rang, viéc chi can lya chon ti 1& gitta Ty, , Tmax G0N gidn va mat it thoi
gian thyc nghiém hon rat nhiéu so véi viéc Iya chon cu thé hai tham s Ty » Tmax.

2) Viéc thém mui cho céc canh thudc 161 giai tdt & mdi bude 13p trong thuat toan
ACS va MMAS, ta phai xay dung ham dé tinh luong mui duoc thém dua trén chét
luong 161 giai do kién xay dung dugc. Vi dy, trong bai toan TSP, ACS va MMAS
st dung ham nghich ddo d6 dai duong di duoc kién xé4c dinh. Diéu nay cling la
mdt trong nhitng khé khan khi 4p dung ACS (hoic MMAS) ddi véi mot bai toan
moi. Tuy nhién, trong SMMAS va 3-LAS khong can phai xdy dung ham nay.

3) D& dang kiém tra dugc cac thuat toan ndy co cung do phirc tap nhu MMAS
va ACS, nhung it phép toan hon MMAS vi khong phai tinh ham muc tiéu & lugng
mUi cap nhat va khong phai so sanh dé giéi han vét mui trong khoang Tpin » Tmax-
Theo cach cip nhat cia SMMAS va 3-LAS, vét mui ludn trong khoang
Tmin » Tmax-

Tinh bat bién

Hai bai toan TUTH (S, f, Q) va (S, f, ), ta s& goi ching Ia hai thé hién I va I’
tuong Gng ciia mot bai toan néu £'(s) = g(f(s)) véi moi s thugc S trong d6 g l1a
ham don diéu tang chat. Vi gia thiét vé tinh 1ap cia may tao sd gia ngiu nhién ta
c6 két luan.

pinh ly 3.5. Gia sir I va I’ 14 hai thé hién cia mot bai toan TUTH tuy y thi khi
giai bang mot trong hai thuat toan SMMAS hodc 3-LAS véi cung s6 1an 1dp nho
dung mot may phat lp s& cho ta cung mot day 101 giai va cac vecto vét mui.

3.6. Két qua thwc nghiém cho hai bai toan TSP va UBQP

Luan an thyc nghiém cac thuat toan moéi cho bai toan TSP va so sanh véi
MMAS. Ngoai ra, luan an citing so sinh SMMAS v&i MMAS cho bai toan UBQP.

Thuc nghiém cho thdy SMMAS don gian nhat ma t6t nhw MLAS, 3-LAS va cac
phuong phap mai dé xuat déu tot hon MMAS.

14



Chwong 4. Thuat toan ACOHAP giai bai toan suy dién haplotype

Suy dién haplotype gitip ta hiéu duoc cau tric di truyén ctia quan thé dua trén
dir liéu kiéu gen (genotype) cua cac to chirc ludng boi. Theo tiéu chuin tim tap
haplotype nho nhat (pure parsimony), bai toan suy dién haplotype tré thanh bai
toan t6i uu to hop thudc 16p NP-kho. Chuong nay, luan an dé xuat mot thuat toan
hiéu qua c6 tén 1a ACOHAP giai bai toan suy dién haplotype theo tiéu chuan pure
parsimony. Thuc nghiém trén dit liéu chudn va dir liéu thuc cho thdy vu diém nbi
trdi ctia nd so voi cac phuong phap tét nhat hién thoi.

4.1. Bai todn suy dién haplotype va tiéu chudn pure parsimony

Trong céc t6 chirc ludng boi, hau hét cac nhiém sic thé ¢6 hai “bdn sao” khong
gidng nhau. Mot haplotype 1a mot bdn sao clia mdt genotype trong mot to chirc
ludng bodi, nd6 mang cac thong tin cho phép nghién ctru céc triéu ching va tac nhan
gy bénh di truyén.

Bai toan suy dién haplotype Ia tir mot tap n genotype co do dai m, xac dinh tap
haplotype sao cho céc cip két hop tir ching tao nén dugc tip genotype dang xét.
Hién nay, bai toan suy dién haplotpe 1a thach thirc quan trong trong nghién ctru di
truyén cla cac sinh vat ludng bdi ndi chung va con ngudi noi riéng.

Trong biéu dién dang todn hoc cua bai todn suy dién haplotype, mdi genotype
duoc biéu didu bang mot xau do dai m cac ky tu thude tap {0, 1, 2}. Cac ky tu 0
va 1 thé hién allene ctia genotype & vi tri trong ung 1a déng hop ttr, ky tu 0 biéu
thi allen dang tu nhién (wild type) va ky tu 1 biéu thi allen dang bién di (mutant),
con ky tyu 2 biéu thi cap allen ¢ vi tri twong ung 1a di hop tir. Mdi haplotype l1a mot
xau do dai m cac ky tu thudc tap {0,1}. Tai vi tri di hop tir, genotype duoc két hop
tir hai haplotype ma & vi tri nay mot c6 dang tu nhién va mot ¢ dang bién di.

Véi mot genotype, ta can tim mot cip khong tht tu cta haplotype co thé giai
thich theo dinh nghia sau:

Dinh nghia 4.1. (Giai thich genotype)

Cho mét genotype g, chung ta noi riang cip haplotype khong thr ty < h®, h? >
giai thich g (hay g dugc gidi thich béi < h%, h? >) va ky hiéu 1a < h%, h? >
g néu ching thoa man diéu kién sau véi moi vitrii = 1,2, ..., m:

e néug; =0thih? =h? =0,
e néug,=1thih? =h? =1,
e néug; = 2thi (h¥ = 0Ah? = 1) hodc (h¥ = 1 ARY = 0)
Véi mot genotype, ky tu trén cip haplotype & vi tri cac dong hop tir hoan toan

xéac dinh con ky tu ¢ vi tri di hop tir thi c6 hai kha nang nhan gié tri. Néu trong
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genotype ¢d [ vi tri 1a di hop tir thi s& c6 2!~ cdp khong thtr tu haplotype giai
thich no.

V&i mot danh sach n genotype ¢ = (g2, ..., g™) ¢6 do dai m da cho, trong dé
g° =(93,....,95) vag; € {0,1,2} v6i moi s < n va i < m, ta dinh nghia cac
haplotype giai thich n6 nhu sau.

Dinh nghia 4.2. (giai thich tap genotype)

Cho mot danh sach n genotype G = (g1, ..., g™) c6 do dai m, ta ndi mot danh
sach 2n haplotype H = (h'%, h'?, h2% 20, h™@ h™) |a mot giai thich cua G
néu g° duoc giai thich bai cip haplotype < A%, hS? > véi moi s < n.

Suy dién haplotype theo tiéu chuin pure parsimony

Nhu vay, véi mot danh sach n genotype G = (g1, ..., g™) c6 @6 dai m, bai toan
suy dién haplotype la tim danh sach 2n haplotype
H = (h'%, h1b,h2a, p2P, h™a h™P) gidi thich hop [y cAC genotype nay.

Hién c6 hai cach tiép can chinh cho bai toan nay 13 phuong phap to hop va
thong ké. Loi giai cho bai toan tily thudc vao mé hinh di truyén 13 tiéu chuan cho
xéac dinh tap haplotype. Trong phuwong phap t6 hop, tiéu chuan pure parsimony
nham tim tip hapelotype nhé nhat giai thich G do Gusfield dé xuat dang dugc
nhiéu ngudi sir dung. Bai toan theo tiéu chuan nay ky hiép 1a HIPP (Haplotype
Inference by Pure Parsimony)

4.2. Thudt toan ACOHAP gidi bai toan HIPP

Trong céc thuat toan ACO truyén thong, trong d6 cac con kién xay dung 1oi giai
theo thu tuc buéc ngau nhién trén duong di lién tuc. O thuat toan nay d6 thi cau
tric 13 d6 thi con cua cay nhi phan d6 sdu m. Ching duogc xac dinh dong theo mdi
kién & tirng budc lip. Mdi mitc ctia d6 thi biéu thi cho mdt vi tri cta cac haplotype
ma kién xay dung 10i giai.

4.2.1. D6 thi ciu tric

Vé hinh thirc, d6 thi ciu tric la cay nhi phan dy da c6 d6 sau m. Tuy nhién dé
tranh bung né to hop khi m 16n, dbi voi mdi kién & mdi budce ta chi hién thi mot
cay con T cua cdy nhi phan day da dugc trich nho qué trinh xay dung loi giai cua
nd véi nit gbc & mirc 0 va cac nit 1a & mac m. Cac cdy nay biéu thi khac nhau
(d6ng) phut hop véi qua trinh xay dung 10i giai cia mdi kién trong mdi lan 1ap va
c6 cac dic diém sau.

- Mdi niit trong X & mic i ¢6 hai nt con tai mac i + 1. Nhanh tir X sang con
bén trai c6 nhén la 0 (goi 1a nhanh 0). Twong tu, nhanh tir X sang con bén phai cé
nhan la 1 (goi 1a nhénh 1).
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- Nhan cta nhanh trén duong di tir nt géc dén nit X tao thanh nhan caa nat X.
Nhan cta ndt X tai mac i 1a i ky tu dau tién caa haplotype (nhan cuaa nat 14 s& 1a
mot haplotype d6 dai m)

- Mbi nut ¢6 mot danh sach két hop chi cac haplotype dugc xdy dung nhd
duong di dén nGt nay. Nhu vdy nut gbc ludn c6 danh sach két hop I1a

@ hb hg, hb,..,h% hE, cac nht trén dudng di tir géc dén 14 c6 danh sach twong
ung giam dan.

- Mdi dudng di tir gbc dén 14 xac dinh haplotype c6 trong danh sach twong tng
& nat 14 va nhan cia nat xac dinh ndi dung cia haplotype.

Nhu vay d thi T nay c6 nhiéu nhat 2n nut 14 biéu thi cac haplotype can tim chir
khong phai ¢ 2™ nut nhu cdy nhi phan day da. Do thi nay khong xac dinh ngay tir
dau ma duogc hién thi dan theo qua trinh xay dung 10i giai (s& duoc noi 1d hon &
phan duéi). Hinh 4.2 mé ta cay do dai bang 3 gilp xay dung cap haplotype giai
thich genotype g = 201.

Thu tuc x4y dung 10i giai cia mdi con kién dudi ddy s& gitip hiéu rd hon tinh
mém déo ctia do thi ciu tric va cach xdy dung.

- mGc 0

. mic3

Hinh 4.2. D6 thi ciu tric giai bai toan HIPP

4.2.2. Thu tuc xay dwng 1o gidi cia moi con kién

Thuat toan xay dung ddng thoi 2n haplotype cia mdi con kién lan luot theo
ting vi tri dé suy dién ca n genotype cua G. Bé thyc hién xdy dung 101 giai, mdi
nat clia ciy s& c6 mot danh sach haplotype két hop ¢é y nghia cac haplotype trong
danh sach s€ nhan gia tri 1a nhan cua nat d6 cho cac vi tri tu déy vé trude.

Ban dau, nit goc dugc khai tao c6 mot danh sach két hop géom 2n haplotype
(h'®, h'P,.., h™, k™) r6i thuc hién m lan lip, trong d6 lan lip tha i s& xac dinh
gia tri & vi tri thir i cho tat ca cac haplotype va tao danh sach két hop cho cac nat ¢
muc i (trudc d6 danh sach nay rdng). Mdi lan lip, kién thuc hién 1an luot hai
budc: bude thir nhat xt Iy dong hop tir va bude th hai xir 1y di hop tir.
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Buéc thir nhat: xu 1y dong hop ta. Cac genotype ma vi tri thir i 1a dong hop tar
thi céc cap haplotype tuong (ng & vi tri thi i s& nhan gia tri bang gia tri vi tri thir i
trén genotype ma chiing giai thich. Cu thé, néu g¥ = 0/1 thi h3%, h$? nhan gia tri
0/1. Khi d6, h5%, h? dugc thém vao danh sach nit con theo nhanh 0/1 twong tng.

Buwoc thar hai: xur ly di hop tir. Cac genotype ma vi tri thir i la di hop ta thi gia tri
hai haplotype twong (ng & vi tri thir i s& co gié tri khac nhau, nhu vy néu xac dinh
duoc gia tri thi i cua haplotype thi nhat s& tinh dugc gia tri thir i cta haplotype
thir hai. Cu thé, néu g§ = 2 thi h$® s& lya chon 0 hodc 1, h? s& bang 1 — h5%.
Néu & danh sach cua nat mac (i — 1) chta A%* thi kién lwa chon ngiu nhién
h$® theo x4c suat nhu sau:

(t3,)* (ni)*
Tf:o)a(nf,o)ﬁ + (751)a(77€1)ﬁ
Trong d6 « va f 1a hai tham sé duong cho trudc diéu khién anh hudng giira

Pis (v) =

thong tin vét mui va thong tin heuristic .

Thong tin heuristics. Y tudng chinh dé xac dinh thong tin heuristic cho nut dang
xét 1a uéc lwong sé nat co danh sach két hop khac rong & micc m sé tuwong thich
v6i1 haplotype dang xét.

Cdp nhdt vét mui. Stt dung quy tic SMMAS

Sur dung tim kiém cuc bo. Dé tang hiéu qua thuat toan, trong mdi lan 1dp luadn an
st dung thuat toan tim kiém cuc bd cho 10i giai tim dugc theo chién luoc 6t hon
trong lan can khoang cach 1-Hamming (1-Hamming distance neighborhood) do
Gaspero va Roli dé xut.

4.3. Két qua thwc nghiém

Lu4n 4n tién hanh 1am thyc nghiém trén dir liéu chuan (gom 329 test) va bo dit
liéu thuc CEU (nhiém sic thé 20 ctia nguoi da tring chau Au tai Utah) dé so sanh
v6i phuong phap RPoly va phuong phap CollHap. RPoly la phuong phap giai
dung t6t nhat hién nay con CollHap 1a phuong phép xap xi t6t nhat hién nay. Két
qua thuc nghiém cho thdy ACOHAP cho két qua t6i wu nhu RPoly trong nhiéu
truong hop va ACOHAP hiéu qué ndi tréi hon han CollHap.

Chwong 5. Thuat toan AcoSeeD tim tap hat gidng t6i wu

Tim kiém cac doan twong tu trong cic chudi sinh hoc 1a mét trong nhiing cong
viéc thudng gip va quan trong nhat trong tin sinh hoc. Str dung tap hat giéng co
cach da nang cao chat lugng tim kiém. Tuy nhién, tim tap hat giéng c6 cach téi uu
1a bai toan thude 16p NP-khé. Chuong nay, luan an dé xuét thuat toan AcoSeeD ¢
dd thi cAu trac hop 1y, dung quy tic cdp nhat mui SMMAS va k¥ thuat tim kiém
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cuc b dugc dinh hudng béng mot ham muc ti€u xép xi nhanh thay cho ham muc
tiéu chinh trong phuong phap ACO. Két qua thuc nghiém cho thdy AcoSeeD di
cai thién dang ké hiéu qua so voi thuat toan t6t nhat hién nay: SpEEDfast.

5.1. Bai todn tim tdp hat giéng co cdch t6i wu va mét sé vdn dé lién quan

5.1.1. Bai toan tim tip hat giong t6i wu

Viéc so khdp dia phuong hai hay nhiéu chudi sinh hoc dugc dua vé xét bai toan
trén mot mién twong dong (homologous region) biéu dién bang xau nhi phan R ¢
d6 dai N, ky tw 0 & mdi vj tri i cua R biéu thi khdng khép (mismatch) con ky tu 1
biéu thi khép (match). Chudi R sé& goi 1a chudi so khép. Ta xét hat gidng biéu dién
bang xau ky tu gdm cac ky tu 1 hodc *, ky tu 1 biéu thi khép con ky tu * biéu thi
khép hodc khong khdp & vi tri tudng tng cia hat gidng khi ddi sanh véi R.

Pinh nghia 5.1. (Tinh hop ding duoc cua hat giéng)

Véi mién tuong dong biéu thi boi chudi so khép R = ryr,..7y da cho, hat gidng
S = §;5,..5; (I 1a 6 dai hat gibng) duoc goi 1a hop diing diwoc(hit) R néu ton tai vi
tri v ctia R sao cho v&i moii = 1,2,..,1 ta déu co:

. {1 néus; =1
v+l 70 hodc1 néus; =+

S6 lwong ky tu 1 trong hat giéng s goi 1a trong sé clia nd.

Mot tap hat gidng S gém k hat gidng c6 cing trong sé duoc goi 1a hop diing
dwoC R néu ton tai mot hat gidng hop dung dugc R.

Bay gid ta xét chudi so khap caa hai chudi sinh hoc ¢6 xac suat khop & mdi vi
tri caa chudi nhu nhau va bang p, tic 1a cac Ky tu ; & mdi vi tri i caa chudi
R = ry1,.. 7y déu nhan gié tri 1 véi xé4c suat p:

P(rp,=1)=pVi <N, (5.2)

khi d6 p duoc goi la mirc twong tu (similarity level) cua R.

Bai toan tim t@p giong téi wu nhu sau: Véi chudi so khép R ¢6 mie twong tu p
da cho, tim mot tap S gom k hat giéng c6 cling trong s6 w sao cho xac suat ma tap
S hop dung duoc chudi nay 16n nhat (xac suat dé tap hat gidng S hop ding dugc
chudi R goi 1a d nhay cua S).

Bai toan tim tap hat giéng t6i wu duoc xét trong hai truong hop: d dai cac hat

(5.1)

giong da biét hodc chua biét. Trong ca hai trudng hop, Li va cac cong su da ching
minh cac bai toan déu thudc 16p NP-kho, dic biét ngay trong viéc tinh ham muc
tiéu cling thudc 16p NP-kho.

5.1.2. Cac cach tiép can hién nay

Bai toan tim tap hat giéng t6i vu dd c6 nhiéu thuit toan giai duoc cong bd.
Trong d6 phai ké dén thuit toan heuristic tham an do Li va cong su dé xudt nim
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2004, thuat toan leo d6i do Sun va Buhler dé xuat nim 2005. Do dic diém cua bai
toan 13 thoi gian tinh d6 nhay cua tap hat giéng 16n nén Ilie va cac cong sy da dé
xuat thuat toan leo ddi sir dung cach tinh ham muc tiéu xap xi nhanh OC (Overlap
Complexity) thay cho tinh do nhay trong mdi buéc tinh toan. Nam 2011, Ilie va
cong su cong bd phan mém SpEED va duge cho 1a phin mém thé hién thuat toan
tim tdp hat gidng t6t nhat hién nay. Phién ban méi cia phdn mém nay la
SpEEDfast duoc cong bd nam 2012. Nhugc diém chinh cta thuat toan SpEED
(hay SpEEDfast) 1a sir dung thuat toan leo d6i don gian va chi sir dung ham muyc
tiéu OC trong tim kiém.

5.2. Thudt todn AcoSeeD gidi bai todn tim tdp hat giong

5.2.1. M6 ta thuait toan

Thuat toan AcoSeeD ap dung phuong phap ACO theo luge dd co sir dung tim
kiém cuc bo cho mdi 10i giai tim duoc & mdi budce lap. Vi thuit toan tinh d6 nhay
tén nhiéu thoi gian chay nén né chi dung dé danh gia chat luong cac 10i giai sau
khi da 4p dung tim kiém cuc b0, con trong qua trinh tim kiém cuc bd thi ham OC
duoc ap dung dé dinh hudng tim kiém.

Véi cac tham sbw, k,p, N da cho va sb vong lap N, hoic thoi gian chay xéac
dinh trude, thuat toan AcoSeeD xac dinh tap hat giéng téi wu cho truong hop chua
biét d6 dai dugc md ta trong hinh 5.2. Trong truong hop do dai cac hat gidng da
xéc dinh thi thi tuc xac dinh d6 dai cac hat gidng duoc bo qua.

Procedure AcoSeeD;
Dir liéu vao: w, k, p, N, d6 dai cac hat giéng néu da biét.
Két qua ra: tap hat giéng va do nhay;
Begin
Khoi tao tap A gdm N, kién, ma tran mui, cac tham sé p, Tygx Tmin
while (chua két thuc) do
fori=1to N, do
Kién tht i xac dinh do dai cac hat giong;
Kién th i xay dung tap hat giéng;
Cai tién 10i giai bang tim kién cuc bo nho ham muc tiéu OC;
Tinh d6 nhay cua tap hat giéng do kién i xay dung;
end-for
Cap nhat mui dya trén 101 giai c6 do nhay 16n nhat tim duoc;
Cap nhat 101 giai t6t nhat;
end-while
Pua ra 101 giai t6t nhat;
End;

Hinh 5.1: Thuat toan AcoSeeD
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5.2.2. Thuit toan xac dinh do dai cac hat giong

Trong truong hop, do dai cac hat gidng chwa biét nhung thudc khoing
[Lmins Lmax] d4 cho thi kién phai thuc hién thu tuc xac dinh d6 dai ting hat giéng
trong tap nho @6 thi cau trac duoc mo ta trong hinh 5.2. Ngoai hai dinh start va
end, dd thi gom k cot xép tir phai sang trai, mdi ¢t co Lygy — Lmin + 1 nit duoc
gan nhan tr L,;, dén 1., biéu thi cho do dai cua hat gidng cd thir tu caa cot
tuong tng. Nhu vay, cac nat ndy dugc xép thanh (1,4 — Lmin + 1) hang va k cot.
Ta xép céc hat gidng theo thtr tu ting dan caa do dai, khi d6 mot duong xuét phat
tir dinh start, di qua k cot (chi sang ngang hodc 1én dinh trén & cot tiép theo) va
két thiic & dinh end s& cho mdt phuong an xac dinh do dai caa tap giéng.

Hat giéng 1 Hat gidng 2 Hat giéng k

Hinh 5.3: D6 thi ciu triic dé xac dinh dd dai cac hat giong

5.2.3. Thuat toan xay dwng cac hat giong

Do thi cau tric dé xay dung loi giai tim tap giong duoc mo ta trong hinh 5.3.A,
gom k hinh chir nhat kich thuéc w X (1,4, — w). Kién xay dung lan luot k hat
gidng bang cach xuét phaét tir dinh start (dinh trai dudi caa hinh chit nhat thir nhat)
c6 toa do (1,0,0), trong d6 chi s6 thir nhat 14 chi s6 tha ty hinh chit nhat, chi s6 tha
hai 1a chi s6 cot trén hinh chir nhat (d4nh sé tir trai qua phai), chi sb thir ba 1a chi
s6 hang trén hinh chir nhat (danh s6 tir dudi Ién trén) lan luot di chuyén qua phai
hodc 1én trén dén dinh End c6 toa do (k,w, l,q, — W) (dinh phai trén caa hinh
chir nhat thir thu k).

5.2.4. Cap nhat mui

Sau khi tat ca cac kién xdy dung xong 10i giai va cac 10i giai duoc ap dung k¥
thuat tim kiém cuc bd str dung ham muc tiéu OC thi 10i giai c6 d6 nhay 16n nhat s&
duoc dung dé cap nhat mui cho ca hai giai doan xac dinh do dai cac hat gidng va
giai doan xdy dung cac hat gidng. AcoSeeD sir dung cach cdp nhat mui méi
SMMAS.
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(A) (B)
Hinh 5.3: Do thi cau tric xay du’ng cac hat gidng.

Hinh (A) Db thi cau tric xay dung k hat gidng co trong s6 w. Hinh (B) Huong
kién di chuyén tai mdi dinh. (C) Vi du xay dung hat giéng trong s6 4 va do dai 7.

5.3. Két quad thwc nghiém

Hiéu qua cia AcoSeeD duoc so sanh bang thuc nghiém vé&i hai phuong phap tot
nhat hién nay 1a SpEED va SpEEDfast. Bé khach quan v&i SpEED va SpEEDfast,
AcoSeeD chay trén cac bo dit lidu va cing s6 101 giai nhu Ilie da lam. Két qua thuc
nghiém cho thiy AcoSeeD t6t hon SpEED, SpEEDfast va AcoSeeD da tim duoc
cac tap hat gibng maéi co do nhay cao hon SpEEDfast tim duoc.

Chwong 6. 'ng dung phwong phap ACO cai tién hiéu qua dw doan
hoat dong diéu tiét gen

6.1. Bai todn dw dodn hoat déong diéu tiét gen

Hiéu co ché diéu chinh biéu hién gen qua cac yéu t6 phién ma (Transcription
Factors-TFs) 1a nhiém vu trung tdm cua sinh hoc phan tir. Nguoi ta biét rang cac
trang thai biéu hién gen duoc thanh 1ap thong qua su tich hop ctia mang tin hiéu va
phién m3 hoi tu trén cac thanh phan ting cudng, con duoc goi 1a mo-dun diéu tiét
(Cis-Regulatory Module — CRM). Cac mé-dun diéu tiét nay 1a cac doan DNA, nd
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lién két cac yéu to phién ma dé diéu tiét biéu dién gen lién quan. Mdi mo-dun co
thé diéu tiét mot hodc nhiéu gen. Gan ddy, Zinzen va cac cong su di gidi thiéu mot
mé hinh dy bao diéu tiét trén rudi ddm Drosophila.

Rudi gidm Drosophila 13 moét miu sinh vat dugc dung dé nghién ctru sy phat
trién cua phoi thai trong sinh hoc. Zinzen va cac cong su dé xuét sir dung phuong
phap ChIP (Chromatin Immunoprecipitation) dé thu duoc dit liéu cua yéu t6 phién
mi quan trong cta rudi gidm Drosophila (Twist, TinMan, Mef2, Bagpipe va
Biniou) tai 5 thoi diém trong qua trinh phat trién phéi.

Bai toan du doan duge dua vé bai toan hoc co giam sat voi doi tuong co6 15 dac
trung va nhan gid tri trong tdp Nhan gdm 5 gia tri.

6.2. Thudt todn di truyén va téi wu dan kién tim tham s6 cho SVM dung
trong dw dodn hoat déng diéu tiét gen

Zinzen di sir dung phuong phéap tim kiém trén ludi dé xac dinh tham hai tham
sé phat € va y cua ham nhan dang Gauss e Y*=I* trong phuong phép SVM
(Support Vector Machine - SVM) dé ap dung cho bai toan dy doan diéu tiét nay.

Luan an dung ma nhi phan 51 bit dé biéu dién hai tham sé € va y. Tham s6 C
nhan gia tri tir 10 dén 10° dugc biéu dién bang mot day 24 bit, va y nhan gia tri
10°° dén 10 duoc biéu dién bang mot day 27 bit.

24 bits for C 27 bit§ fory

0]1 110)]1]1 11]0

Hinh 6.3: Mt nhiém sic thé biéu dién C vay

Dua trén cach ma héa nay, luan an xay dung 4p dung phuong phap ACO va
thuat toan di truyén cb dién cho xac dinh hai tham sé nay va thu dugc twong tmg
hai hé du doan ACOSVM va GASVM. Thuc nghiém cho théy hai h¢ nay co6 hiéu
qua hon phuong phap ctia Zinzen va ACO t6t hon so véi GA.

Két luan

Céc bai toan TUTH khé c6 nhiéu tng dung quan trong trong thuc tién, dic
biét 14 trong céc bai toan sinh hoc. Phuong phap ACO két hop thong tin heuristic
va thong tin hoc ting cudong nhd md phong hoat dong ciia dan kién c6 cac wu diém
ndi troi sau:

1) Viéc tim kiém ngiu nhién dya trén cc thong tin heuristic cho phép tim kiém
linh hoat va mém déo trén mién rong hon phuong phép heuristic sén co, do d6 cho

.....
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2) Su két hop hoc ting cuong thong qua thong tin vé cudng do vét mui cho
phép ta timng budc thu hep khong gian tim kiém ma vin khong loai bo cac 101 giai
tdt, do do nang cao chét lugng thuat toan.

Thuc nghiém da chimg t6 kha ning ndi trdi ciia phuong phap ACO trong tng
dung cho nhiéu bai toan va phuong phap nay dang duogc sir dung rong rai.

Khi ding phuong phap ACO, quy tic cap nhat mui dong vai trd quan trong,
quyét dinh hiéu qua thuit toan duoc dung. Luan an dé xuit cac quy tic cip nhat
mui moi: SMMAS, MLAS va 3-LAS. Céc thuét toan nay bat bién d6i véi phép
bién d6i don diéu ham muc tiéu, thuc nghiém trén cac bai todn co ban nhu TSP,
UBQP, 14p lich san xuat véi dit liéu chuan cho thiy cac thuét toan dé xuét c6 hiéu
qua va d& str dung hon so véi cac thuat toan thong dung nhat hién nay nhu ACS va
MMAS.

Trong céac thudt toan nay, SMMAS don gidn, dé sit dung hon nén cé thé ding
réng rdi. Thuat toan MLAS cho phép diéu tiét linh hoat kha nang kham pha va
tang cudng cua thuat toan theo ting thoi diém. Tuy thyc nghiém trén bai toan TSP
cho két qua hira hen nhung kho 4p dung hon. Thuat toan 3-LAS thich hop véi cac
bai toan c6 thong tin heuristic t6t, khi st dung ching anh hudng nhiéu tdi chét
luong ctua két qua tim kiém, chéing han nhu bai toan TSP.

Bén canh phat trién thuat toan méi, lun an cling dé xuét cac giai phap cho ba
bai toan quan trong trong sinh hoc phan tir: suy dién haplotype, tim tap hat giéng
t8i wu va du béo hoat dong diéu tiét gen.

Déi voi bai toan suy dién haplotype, luan an dé xuét thuat toan ACOHAP. Két
qua thuc nghiém cho thiy ACOHAP cho két qua t6i wu nhu RPoly (phwong phap
chinh x4c t6t nhat hién nay) trong nhiéu truong hop, hon nira, ACOHAP hiéu qua
noi troi hon han CollHap (phuong phap xap xi tot nhat hién nay).

Pbi voi bai toan tim tip hat giéng t6i vy, luan an dé xuat thuat toan AcoSeeD.
Két qua thuc nghiém cho thidy AcoSeeD cho két qua tot hon hai phuong phap tot
nhat hién nay 13 SpEED va SpEEDfast.

Pbi voi bai toan du bao hoat dong diéu tiét gen, dua trén phuong phap dé xuat
cua Zinzen va cac cong su, luan an dé xuit hai thuét toan metaheuristic: GASVM
va ACOSVM. Cac thuat toan nay tuong timg st dung phuong phap GA hodc ACO
dé tim tham sd t6t nhat cho bd hoc SVM. Thuc nghiém cho théy hiéu qua hon
cach tiép can ap dung phuong phap tim kiém trén ludi ctia Zinzen.

Hién tai h¢ ACOHAP, AcoSeeD, GASVM va ACOSVM s¢ c6 ich cho cac nha
nghién ctru sinh hoc va nhitng nguoi quan tam.

Trong tuong lai, ching t61 sé cung vd1 nhdm nghién ctru Tin-Sinh ctuia Dai hoc
Cong nghé tmg dung cac dé xuat mdi nay cho cac bai toan khéc.
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