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TOM TAT : Viéc: phan tich cdc trinh ti sinh hoc nhir DNA, Protein dé cé duoc théng tin
hitu ich tir sy tiwong d’éf?g gifta cdac trinh tw la mdt viéc vo cung quan trong. Hién nay co nhiéu
phuong phap giai quyét bai todn nay, tuy nhién cdc két qué xde dinh mirc twong dong thuong
dwoc danh gida chwa tét lam. Trong bai bdo nay ching toi dwa ra mét giai phap két hop GA-S4
(Genetic Algorithm — Simulated Annealing) voi mong muén cé thé dung hoa duwoc cdc yéu cdu
ddt ra, do la thoi gian ddp img va chdt lwong cia 16i giai. Qud trinh giai quyét bai todn duoc
thuee hién qua cac bwde nhi Sl’r‘d@mg cdc thong tin Vé tién hod gifta cdc trinh tw ; mot $6 lﬁér
heuristic dé tao t}{éng tin ban ddu, qua do diéu chinh huwéng lai tao, chon loc cua quc”fn thé trong
gidi thudt di truyén. Bén canh do, mot phan quan thé ciing bi tac déng boi qud trink “mé phong
luyén kim” SA giip tim dwgc cdc cd thé méi t6t hon.

1. GIOI THIEU

Tu nhitng nam cudi thé ky 20, di truyén hoc va ky thuat gen da phat trién nhanh chéng va
dat duoc nhiéu thanh tyu to 1on. Sy phat trién nay giup cho con ngudi ngay cang hiéu rd hon co
s& khoa hoc vé sur séng. Va chinh su hiép biét nay dong gop vai trd rat 1én d6i voi linh vyre chdm
s6c va bao vé strc khoé con ngudi. Ching han, viéc chan doan, du phong, tri ligu, v.v...’I:ir do,
ning cao chét lugng cudc séng va bao vé méi trudong thién nhién. Bi kem vGi sy phat trién cia
linh vuc sinh hoc, mot vén d& dit ra 1a sy tham gia cia cac nganh khoa hoc khac, dac biét 1’51
. nganh khoa hoc may tinh [9]. Nganh sinh hoc phan tir cang phat trién, cang doi hoi su hd tro rat
16n tir phia tin hoc, qua dé c6 thé giai quyét cac bai toan 16n va phitc tap nham phuc vy cho
nhitng hiéu biét clia con ngudi vé thé gi6i sinh vit, cling nhu chinh ban thin con ngudi. Su thanh
¢ong cua cac du an nghién ciru vé gen, cling véi su hd tro cta cac cong cu tin hoc, da din dén
mét sy thay ddi 16n trong viée nghién ciru cac vén dé lién quan dén sinh hoc. Nguoi ta chuyén
dich dan tir sy quan tAm chu tric cta cac da phan tir sinh hoc sang su phan tich céc trinh tu sinh
hoc (sequence analysis) bing céc phuong tién tin hoc. Phuong tién tin hoc khéng phai chi dimg
lai & viéc tao ra cac co s& dir liéu 16n, ma con tao ra cac cong cu hiru hiu dé phén tich va tim
hidu ban chét cia céc cdc da phén tir sinh hoc.

Chinh vi vdy, trong qua trinh nghién ctru ciia cac nha sinh hoc, bude dau tién va ciing 1a
budc quan trong 1 qué trinh phén tich trinh tu. Pé dam bao cho sur thanh cong va cho ra két qua
nhanh chéng, céng cu tin hoc dong vai tro kha déc lyc. Vai toe do gia ting rat 16n vé sb lugng
cac trinh tu sinh hoc dugce nghién ciru nhim chia sé théng tin chung trén toan thé gi6i, dir liéu vé
céc trinh tu sinh hoc c6 tai National Center for Biotechnology Information (NCBI), cia My da
¢6 t&i hon 120GB chira khoang 9 Gbase (Gbase hay con goi la Giga base pairs, ¢ do base pairs
la mét cdp bazo gom 2 nucleotid doi ngieoc nhau trong chuéi xodn kép - National Center for
Biotechnology Information, lgttp://www.ncbi.nlm.nih.gov}. Cung v6i no la sy phirc tap trong qua
trinh so sanh va tim kiém, din t6i nhimng doi héi ngay cang cao vé cac phuong phdp, giai thuat
tham gia. Péc biét, cin phai dam bao chét luong cta qua trinh so sanh sao cho chép nhén duoc,
dong thoi thoi gian dap g cling can phai nhanh chéng.Trén thé gigi di co cac nghién clru va ¢6
nhiéu phuong phép dugc dua ra, nhung mai cach déu cé nhilng méit manh va mat yéu ciia né khi
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giai quyét’béi todn nay [9]. Qua qua trinh nghién ciru, ching t61 d8é ra giai phap két hop mot s6
ky thuat dé giai quy¢t bai toan.

_ Nhing két qua dugc trinh bay trong phan 4 vé két qua thir nghiém, trong phén 2 duoc ding
dé trinh bay bai toan sap hang da trinh tu, phin 3 trinh bay phuong phap lai do ching toi dé xuat
dé giai quyet bai toan.

2. BAI TOAN SAP HANG

Céc dir lidu thudng dugc dem so sanh va phan tich bao gém céc chudi trinh ty nhing
nucleotide (DNA) va chudi trinh tu nhig amino acid (Protein) [1,4,9]: DNA (Deoxyribo
Nucleic Acid) va RNA (Ribo Nucleic Acid) 14 hai dai phén tir (da phén ti) sinh hoc. Chung la cac
nucleic acid vat chit mang théng tin di truyén tir cdc hé thdng sdng. O day, qua trinh so sanh va
tim kiém chi quan tim nhiéu t6i DNA, néi dung ra la mot mach don cua chudi xoin kép DNA.
Mbi mach don DNA 1a mot chudi cac nucleotide sép sép ké tiép nhau, nucleotide co 4 loai va
duoc ky hiéu nhu sau: A (Adenine), G (Guanine), C (Cytosine), T (Thymine). Ta c6 bd ky hiéu
cho céc nucleotide nhu sau: Nuc = {A, C, G, T}. Ching han, doan chudi trinh tu Nucleotide ctia
virus SARS c¢6 dang: GATATTAGGTTTTTACCTACCCAGGAAAAGCCAACCAACC
TCGATCTCTT. Protein la biéu bién ciia vat cht séng, no tham gia vao hau hét cac qua trinh
sinh hoc va 1a co s& cta sy da dang v& cAu tric va chirc ning clia tit ca cac sinh vat. Trong su
séng, protein dugc tao ra qua qua trinh dich ma tir doan gen biéu hién chtra thong tin di truyén
trong DNA. Protein la mét chudi trinh tu cac amino acid néi két v6i nhau bang-céc lién két tao
nén ciu tric (duwoc chia ra lam nhiéu dang cdu triic nhue bdc 1, bdc 2 va cau triic khéng gian bdc
3, béc 4, bdc 5). Amino acid gﬁ")m ¢6 20 loai dugce ky hiéu t4t boi cac chir cai. Mdi Amino acicﬁ
duoc ma hoé tir b 3 nucleotide. Tuy c6 64 by md hod nhung chi c6 20 loai amino acid va mt s6
ma lam tin hiéu cho viéc dich ma tir DNA. B ky hi¢u cho céc amino acid: AA = {A,C,D,E, F,
G,H LKL MNP, QR,S,T,V, W, Y} Trinh tu cia protein la mot chudi trinh tu céc
amino acid, ching han vo&i virus SARS ¢6 m6t doan amino acid nhu sauw
MSDNGPQSNQRSAPRITFGGPTDSTDNNQNGGRNGAR_PKQRRPQ.

Khi dé cap tdéi viée xac dinh mure do giéng nhau ctia céac trinh tu c6 cac van dé sau:

Pé xac dinh gita céc trinh tu hay cac phan nao trong céc trinh tur gidng nhau nhit va ciing 1a
dé xac dinh sy tuong dong, khi so sdnh giita cac trinh tu cén c6 ham danh gia muc do gidng nhau
(similarity measure), hay con goi 1a danh gia khoang cach (distance measure) giilta cac trinh tu.
Trong truong hop don gian, ham dénh gid nay chi 13 dém bao nhiéu phan tir giéng nhau.

Trong qua trinh tién hoa, cac trinh tu co thé thém hodc bat di mot s6 phan tir (thuong ky hiéu
l& InDel - insertions/deletions) trong trinh tu, cho nén cac sinh vét c6 ho hang gén nhau co thé
cac trinh tu khac nhau & ph?m thém vao chen giita trinh tu. Boi vay khi chuyén sang viéc so sanh
trong md hinh toan hoc gé"ln phai cho phép ¢ quing cach (gap - duoc ky hiéu bing ddau “-"") aé
¢6 thé tim dugc céc phan trinh ty gidng nhau nhét. Tuy nhién, kha nang thém hay bét trong cac
trinh ty 14 qua trinh tién ho4 1au dai vi vay khi danh gia cac sinh vat nao gan nhau thi cling ¢6 it
quing cach hon. Do do6 trong mo hinh todn hoc ¢6 dua vao diém phat cho quing cach (gap
penalties) sao cho dép ung giong bai toén thuc té. Céc loai gan sau s& c6 trinh tyr gidng nhau &
céc doan lién tuc va dai cho nén cdc md hinh toan hoc con thém diém phat cho mdi-mdt doan
quing céach (open gap penalties).

Bén canh do, trong qua trinh tién hoa ciing c6 trudng hop bi dot bién tai mot ) phﬁn tr
trong trinh tu (cd thé hiéu don gian la nucleotide hay amino acid nay dwoc thay thé bing phdn
e khac).

Trong hinh 1 12 bén kiéu bién dbi chii yéu trong quéd trinh tién hoé céc sinh vt trong tu
nhién: '
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Thay thé Chén

Thr Tyr Leu Leu Thr Tyr Leu Leu

ACC TAT TTG CTG ACC TA*I'\TTG CTG

ACC TCT TTG CTG ACC TAC 2TT GCT G-~
Thr Ser Leu Leu Thr Tyr Phe Ala

X od Pdo

Thr Tyr Léu Leu Thr Tyr Leu Leu

ACC TAT TT CTG BEC TAT TTG LCTG

ACC TAT TGC TG- ACC TTT ATG CTG

Thx Tyr Cys Thr Phe Met Leu

Hinh 1. Céc trudng hop bién dbi chudi trinh tu sinh hoc

Qua qua trinh nghién ctru ly thuyét va thuc nghiém, cac nha nghién ctru da dva ra mot sb cac
bang théng ké danh gid mirc do dot bién tir phdn tir ndy sang phan tir khac (chdng han nhw PAM
- Point-Accepted-Mutation do Dayhoff dwa ra — hinh 2, BOSUM - BLOcks Substitution Matrix
do Henikoff va Henikoff dwa ra— hinh 3, ...) dé co thé phan anh ding y nghia sinh hoc (xem [6]).
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Hinh 2. Ma tran bién d6i amino acid PAM ) )

Theo cac nghién ciru, cdc thay dbi dang chén va xoa bat ky tu trong trinh tu xuat hién rat it
so vai trudng hop do dét bién. Do d6, trong md hinh so sanh cdc trinh tu khong quan tam toi
viéc chén hay xo4 thém céc ky tw ma chi xét thém cdc quang cach (gaps) trong viéc so sanh dé
dam bao phan anh chinh xéc cta loai thay @i nay. Quang cach duoc hiéu don gian khi nhin
trong trinh tu la phén trbng, khéng c6 ky tu dé so sanh voi ky tu ctia chudi khac. Chéng han, véi
chudi sau ‘AAG-AT-A’ cb hai quing cach, mdi quing c6 mét chd trong. Con véi chudi ‘AA--
GATA’ ¢6 mét quing cach véi hai khoang tréng. Khi tinh diém so sanh phai tinh thém diém
phat (gap panelty) do quing céch nay gdy ra vi cang nhiéu quing cach, khoang tréng thi cdc
trinh tu dem so sanh cang it gidng nhau.
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Hinh 3. Ma trin bién déi BLOSUM

C6 hai cach tinh diém phat do quang cach gdy ra nhu sau:

Céch tinh tuyén tinh: v(g)=-gd (1)

Tinh c6 su anh hwong khéc nhau giita khoang tréng déu va khoang tréng md rong thém :
¥(g)=-d—(g-De. (2)

Trong dégla so khoang tréng, d la diém phat cho mét khoang tréng mé dau, e 1a diém phat
cho mi khoang tréng mé réng thém trong mdt quing cach.

‘Trong qua trinh tim sy twong ddng, truong hop nao thiy twong ddng nhat (cd diém tinh cao
nhdt) s¢ dugc chon. Thong thudng cé hai cach so sanh cac trinh tu [7]:

- So sanh tuong déng toan cuc: truong hop ndy xét tuong ddng trén toan chudi, cong thic
tinh cho viéc so sanh nhur sau (so sdnh 2 chuoi):

Fi—1, j-D+s(x,¥,)
F(i, j) = max Fii-1,)-d 3)
F{,f—1y-d

- So sanh tuong déng cuc bd: tim phan giéng nhau nhat gilta hai chudi trinh tu, cong thirc

tinh nhu sau:

0
Fii=1,J = D+a%, Y ()
F (i, j} = max Fi=ljy=d
B d= T

Véi F(i, j) 1a diém sb tuong ddng tich luy dan khi so sanh hai chudi trinh tu téi vi tri i cia
chudi 1 va j ctia chudi 2. Va s 12 ham tinh toan sy twong dong timg ky hiéu don cia hai chudi
dwva trén cac bang danh gid nhu PAM, BLOSUM. Véi cach tinh trén, két qua ctia vi tri so sanh
cudi cting F(ny,n,) 1a s6 diém tinh sy twong dong giita cac trinh tu.

Khi so sanh nhiéu trinh ty ta ¢6 cach tinh tong sb diém tuong dong (SP — Sum of Pairs) 1a
toéng diém tuong dong chia timg cip nhu sau:

S = ZS(m) > s(mf.mf) (5)

i j(—
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Trong d6 S(m;) 14 diém tuong ddng tinh tai mét vi tri  clia toan b céc trinh tw, s(m/,m!)
la diém tuong ddng cua ciip trinh tu j va k tai vi tri i. Tur trén ta thdy & mic dd don gian, chi so
sanh gifra hai trinh ty véi nhau (PSA — scp héng cdip trinh tw), ta ky hiéu hai chudi trinh ty 12 S,
Sz Trong d6 S c6 d6 dai la n, va S, ¢d @6 dai la n, thi phuong phdp so trung tim su tuong déng
t6i wu ¢6 do phirc tap 14 O(nyn,) .

Véi k chudi cé do dai n, khi 4p dung quy hoach déng thi d6 phic tap van rat lém:
O((,’Zk - 1}1") [10]. Vén dé cang phic tap hon khi c6 xu huéng so sanh toan bo hé gen (/én tdi ca
ty ky ) chir khéng chi 1a mét doan trinh tu (¢hweong chi vai trdm dén vai ngen ky ti).

Sau day la mot véi, vi ’du v& viée so sanh céc trinh tu: V&i hai hai trinh tu: S1: ACGACA; 52
: AGCAC, ta ¢c6 mot so ket qua so sanh nhu sau:

(1) ) (€)
SI° ACGACA- ACG-ACA A-CGACA
52’ A-G-CAC A-GCAC- AGC-AC-

Con véi ba trinh tu: S1: ATTCGAC; S2: TTCCGTC; S3: ATCGTC

Ta c6 két qua giong cot:

S’ ATT-CGA-C

S2’ TICC6-TC

kR A-T-EG-TC
3. GIAI THUAT LAI

Vi bai toan sap hang da trinh tu, giai phép giai quyét bai toan dwa trén sw két hop gidi thujt
di truyén va k§ thuat luyén kim — ching t6i xem xét nhu thuat gidi lai (GA-SA) - dugc thuc hién
qua hai giai doan sau: phan tich cdc trinh tu tao cac thong tin hd trg cho qua trinh chinh; thue
hién qua trinh tim két qua tuong ddng tot nhat nho giai thuat di truyén va k¥ thuat luyén kim.

3.1 Tao théng tin hd trg

Y tuéng chinh cta phén nay la thue hién danh gid so bd ban dAu céc phan gidng nhau giifa
céc trinh tiw dé co thong tin vé cac vung tuong tu, tir d6 giam thiéu céac truong hop can xét toi.
Pé thuc hién nhanh cho viéc tim kiém, céc b tir ban dau (word, k- tuple: la mot chudi trinh tw
con, khoang 5-10 ky tw cho DNA va 2-3 ky tu cho Protein) s& dugc thiét 1ap nhu 12 bang bim
(hash) va duyét trong céc trinh tu. T céc thong tin nay s& tim ra cac vung gibng nhau giita cac
trinh tu, cling c6 nghia la diém tuong ddng gitra hai phan nay trong chudi trinh tu la t6i uru.

Vi két qua tim duoc, céc thong tin vé cac doan tuong dong sé dugc sap xép theo thu tu va
duoc danh dau uu tién trong viéc bao toan cac doan nay trong viéc di tim cic giai phap tot hon
cho toan bd céc trinh tu (hinh 4).

P __———f
M/

Hinh 4. Céc doan trinh tu giéng nhau va thi ty sip xép
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Tiép theo, giai thuat thyc hién phén tich timg cap trinh tu dé tao cay phan loai gitip xéc dinh

c4c trinh tu ndo gan nhau nhét hudng din cho giai thuat vu tién cdc phan giong nhau gitra mét s6
trinh tu, chi thay ddi cac phan khong giong nhau nhiéu (hinh 5) [2].

5 =1
Sg 85
53 i Sa

S 4 O TR SR A R R | S 4

i
Hinh 5. Céc trinh tuw va quan hé tién hoé trong cdy phan loai

3.2 Ap dung GA-SA

Két hop tao giai thudt lai gitta hai giai thudt chinh la gidi thuat di truyén va ky thuat
Simulated Annealing (SA). Trong d6 tin dung y tuong la tim kiém dua trén quan thé nhu cua
giai thuat di truyén va bién ddi trang thai nhu cia SA trén céc “cd thé” nhung qua trinh phét sinh
céc ca thé khong chi hoan toan la ngﬁu nhién ma con dung cac phép toan lai tao, dot bién, chon
loc ctia giai thuét di truyén dé c6 thé ké thira dugc cdc giai phap tot. Bén canh d6 nho c6 budce
thyrc hién ban diu ma ¢6 thé tao duoc quin thé ban dau trong doi tot va lam co s¢ cho vie xét
céc bude chuyén trang thai méi.

Qua trinh sé& thuc hién mot phin song song gitta GA (Genetic Algorithms) va SA, mdt s6
phén tir tot nhat clia GA chuyén sang cho thyc hién céc bién d6i theo giai thudt SA. Trong qua
frinh thye hién tir SA, mot sb trang thai phat sinh c6 do thich nghi tt s& chuyén sang GA dé thyc
hién lai ghép véi céc céc thé khac. Két hop hai giai thuat con nham myc dich ”phé v&” m6t phan
su clmg nhic v it bién déi khi giai thuit GA thuc hién giai doan cubi, SA duoc thiét 1ap gitp
tang kha nang chon lya vao cac vung khéng gian nghiém réng hon. Hinh sau mé ta mac dao
dong cta khong gian vung nghiém khi két hop GA-SA:

'
LIve dao dimg

Tl B Y O

v TV Voo giam

Hinh 7. Biéu db mé ta mac dd 6n dinh cuia nghiém dugc chon

T

Xudit phat tir qué trinh tim kiém giai phap tot nhét, mdi budc xét tir mdt vi tri so tring di ti
bude ké tiép thi c6 3 chon lya khi so sénh 2 trinh tu. Twong tu ta co (2* —1) chon lua cho viée
xét cach so trung ké tiép, boi voi mbi ky tu ctia mot chudi trinh tu ta xét c¢6 2 trudng hop xay ra,
giii nguyén ky tu hay chén thém khoang tréng vao chudi. Ching t6i danh ma tuong tng cho moi
chon lya la 1..(2* —1) nhu hinh 6.
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Hinh 7. Huéng chon lua tir mét diém so tring khi so sénh 2,3 trinh tir

V6i bai toan nay giai thudt GA duoc ap dung v&i cac ca thé c6 nhidm sic thé voi do dai khac
nhau. Va mdi phan tir trong nhiém sic thé dai dién cho mot huéng chon lya di tir vi tri truée no.
Ching han, véi cip trinh tu so sanh sau ta ¢6 hinh minh hoa huéng va nhiém sic thé tuong tmg
[5,6,8]: :

C G T T

1

<> (313223)

CGT——T
<

C—TGCT 2

N

Hinh 8. Méi quan hé giita giéng c6t da trinh tw va cich biéu dién mdt cé thé

=000

Dé biéu dién céc phép todn sir dung trong GA dugc don gian, ching t6i m ta twong img voi
cac trudng hop la phan sap hang ctia né. Ham thich nghi cia giai thudt di truyén:
Fitness = SymbolScore — GapScore (6)

Vi SymbolScore 13 diém tuong dong gifta cdc ky hiéu tai tat ca cac vi tri, con Gapscore 1a
diém khéc biét tao thanh céc khoang tréng tai tat ca cac vi tri xuét hién.

Phép toan lai ghep mdt didm: chon mét diém ngau nhién trén céc ving it tuong dong cha ca
thé cha thir 1, tim cac vi trf twong tmg trén c4 thé cha thir 2 va ghép cic phin v6i nhau tao nén
hai ¢4 thé con (hinh 8):

parent 1 i parent 2 §

s, JA_G - AT C - A sifA - G - AfA - T C A
sz |- T W Lea]- TEC 6 - - A - — _
sy |— C A G A - A el AR~ © A — — & A A
% A G - AT & = ls; JA - G CHA - — A T cC |
offspringd | B . offspring 2 | :

w A G — B . - T C A s 4 A : - A T C - A
Sz | — T = A - - 5 51 — c G - A - -
e 6 e - G A A s |c cC A G A -

s4 |A G C - AT C s: | A A - AT -

Hinh 9. Lai ghép hai ca thé cha

Céc phép dot bién nhu cheén thém céc khoang trong vao, chuyen dbi ving tréng tir vi tri ndy
sang vi tri khac trong mot chudi, hogc dich hin mot kh01 nhé néu nhu ving nay thude cic vung
di xac dinh 1a gidng nhau g1ua mot s6 trinh tu. Vi mdi phép dot bién nay, mot s6 ky tu s& duge
chuyén sao cho cling vi tri véi céc ky tir gidng né trén cac chudi khac (hinh 9).
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parent |

parant
i A 5. |A G - A = 1 & & b
210 |- 6 - € T A - A G
:?i w]C G - A A C G A A
- s fA G C - A - G A C
oftspring =m
s I1C - G TCT A Qs!\G'—A
%16 1T, A TACG wl- 6 - ¢
niC A G 6T G - mlC G - A
5 jA - - T 6 AC s la G C -

Hinh 10. Mot phép dét bién trong céc cd thé
Cing thuc hién ddng thoi va tac dong tdi quén thé cta giai thudt GA 1a viéc dp dung “ky
thuat luyén kim” trén mot s6 c4 thé “thich nghi” dugc cia GA. Giai thut cia SA dugc ap dung
nhu hinh 10 [3,7]:

Chon 151 giai ban dau s0;
Chon nhiét d8 khéi dau t0 > 0;
Chon ham thu giam nhiét d o
Repeat
Repeat

Chon ngéu nhién mét 161 giai 14n cin s cla 101 giai hién tai s0O;
8= f(s)— f(s0); /* suthay déi sw twong dong, mirc thich nghi */
if (5>0)then //I0i gidi sau tot hon loi gidi trudc

s0 =s;
else
sinh ngAu nhién mot s6 x € [0,1];
. %
if (x<e’")then
s0=s;
endif
endif

unltil s6-14n-lip = nrep;
t=aft);
until Piéu-kién-dimg = TRUE;

Hinh 11. Giai thuét ap dung mé phong luyén kim
Céc trang thai 1an cin duoc xem x¢t nhu 1a cac ca thé moi sinh ra trong qué trinh d6t bién
ctiia mdt ca thé cna giai thudt GA.
Hai ham thu giam nhiét d6 dugc st dung dén trong hién thuc:
a()=t/k;

a(f) =txp*,Belo]] @
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4. MOT SO KET QUA THUC NGHIEM
Sau day la mot s6 két qua thuc thi giai thuat trén mot sé tap mau:

Bing 1. Tinh toan sip hang nhiéu trinh ty trén c4c mau thir nghiém khac nhau

Tén méu | S6 trinh ty | P dai cdc trinh tw | Piém danh gia (SPS) | Thoi gian thue thi
(ms)
Min Max
aab_refl 4 67 79 0.762 940
hpi refl 4 70 81 0.677 940
idy 4 70 81 0.766 4,530
dox refl 4 91 04 0.928 1,100
fmb refl 4 94 104 0.873 940
ar5A refl 4 192 203 0.873 780
ad2 refl 4 203 213 0.830 1,250
aym3 refl 4 219 244 0.803 1,090
gdoA refl 4 234 265 0.641 1,250
csp refl 5 66 70 0.932 1,250
csy refl 5 100 104 0.767 1,090
fkj refl 5 98 110 0.912 1,090
hfh refl 5 116 132 0.710 1,090
amk_refl 5 242 250 0.931 1,410
ped ref3 21 324 388 0.587 26,250
lvl ref2 23 426 470 0.739 47,500
acr_ref7 43 1000 1136 0.703 855,940
Bang 2. So sanh thoi gian thuc thi thut toan tudn tur va song song .
S6 trinh | Kich ¢& trung binh | Tuén ty P=2 P=3
tw cta trinh ty (ms) T (ms) | Speedup | T (ms) | Speedup
4 100 940 587 1,8 469 2
4 200 1250 787 1,58 634 1,97
8 200 2810 1780 | 1,57 1447 1,95
16 200 7030 4352 1,6 3476 2
20 300 26250 16020 1,6 12653 2
128 300 1684370 1012983 1,6 789576 2,1

Vi két qua tinh todn trong 2 bang trén, ta nhan thiy : két qua rit kha quan chinh xéc
tlr 70% - 93% so voi dit liéu thuc nghiém cuia sinh hoc trong ngan hanh dit liéu NCBI
nhu da trén. Trong khi d6, véi Clustal, @& chinh xac trung binh 1a 85%.

Thuét toan song song tuong dbi co hiéu qua, dac biét voi s6 tién trinh P = 2, thuét toan co
Speedup so véi tuan tu dat dugc 1,6.

5. PANH GIA VA KET LUAN

Qua nghién ctru cic cic giai thuat trude, ching t6i chon huéng giai quyét két hop giai thuat
di truyén va k¥ thuét luyén kim nhung c6 sy huéng dan ciia mét so théng tin phén tich ban dau
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dé gitip giai quyét bai toan trong khong gian gidi han va co cic bude chuyén tét hon. Tuy nhién,
du co nhilng két qua thuc nghiém kha t6t nhung qua dé cho thdy cin phai két hop véi nhitng y
nghia sinh hoc vé& su tuong ddng giira cac trinh ty sinh hoc sdu rong hon moi co duge nhimg
heuristic va phuong phap so sanh co két qua gidng nhu thyc té x4y ra trong sinh hoc. Bén canh
d6, chiing toi chuyén sang thyc thi song song giai thudt dé giam t6i da thoi gian xir ly va ting
khé ning tim kiém nghiém cho bai todn nay.

USING GA-SA HYBRID ALGORITHM FOR MULTIPLESEQUENCE
ALIGNMENT PROBLEM

Nguyen Ngoc Tu, Tran Van Lang
HCMC Institute of Information Technology

ABSTRACT: The analysis of DNA, Protein biology sequences for getting useful
information from the similarity of them is very important basic problems. Nowadays there are
many methods for solving these problems. However, defining the sequence similarity has not yet
come up to our expectations. In this paper we put forth hybrid algorithms combining Genetic
Alogorithms (GA) with Simulated Annealing Algorithm, from that these requirements could be
harmonize, as well as their solutions could find in the short time interval, with high accuracy.
The algorithms are performed by using the evolution information of biology sequences, and
some heurictic rules to adjust the crossover, selection and mutation process in Genetic
Algorithms. In addition, a part of the genetic population is used Annealing Algorithms to find a
better new individual
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