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case s = 2. In addition, the previous algorithm uses a greedy strategy, so the
Minimum s-club cover quality of the obtained solution is not good and depends on the input graph.
Multi-start method Therefore, this study proposes an approximate algorithm based on multi-

start method to solve the Minimum s-club cover problem. To improve the
' quality of the received solutions, this study also proposes a greedy strategy
Greedy algorithm to find the best club at each step, as well as a method for creating and
Neighbor evaluating neighbors of the current solution. The effectiveness of the
proposed algorithm is demonstrated through comparison with a previously
published approximation algorithm on two different data sets from the
DIMACS library. Experimental results show that the proposed algorithm
finds better solutions in one-third of the tested cases, and the two
algorithms are equal in two-thirds of the tested cases.
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Ngay nhan bai: 23/11/2023 Phu do thi 1a mdt trong cdc chu d€ co ban trong nghién ctru ly thuyet ve
o khoa hoc may tinh. B6i véi hudng nghién ctu ve phu tap dinh cua do thi,
Ngay hoan thign:  27/12/2023 115 yinh s-club duoc ing dung nhidu trong phan tich mang xa hoi, phan tich
Ngay ding: 27/12/2023 tuong tac protein,... trong d6 bai toan Minimum s-club cover nhan dugc sy
quan tdm nghién ctu trong thoi gian gan day. Mic du da c6 thuat toan gan

TU KHOA dang dé giai bai toan Minimum s-club cover, tuy nhién, thuat toan nay chi

dugc ap dung cho truong hop s =2 va do sir dung chién lugc tham nén chat
Minimum s-club cover luong loi giai cua thuat toan phu thudc nhiéu vao dd thi dau vao. Do dé,
Phuong thirc da khéi tao nghién clru nay dé xuét thuat toan gan dung dya trén viéc khoi tao 10 giai
Phi d thi nhiéu lan dé giai bai toan Minimum S-club cover. D€ nang cao chat lugng

161 giai tim duoc, nghién ctru con dé xuat chién luge tham lam dé tim club

t6t nhat tai mdi budc, ciing nhu phuong phap tao lan cin va danh gia lan

Lan can can cua loi giai hién tai. Hiéu qua cua thuat toan dé xuét duoc chieng minh
qua Vviéc so sanh véi thuat toan gin ding duoc cong bd trude day trén hai
tap dit liéu khac nhau tir thu vién DIMACS. Két qua thuc nghiém cho thiy,
thuat toan dé xuat tim duoc 11 giai tot hon trén mot phan ba bo dir liu va
tim duoc loi giai bang nhau trén hai phan ba b dir liéu.
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1. Gigi thigu

Céc bai toan bao phu db thi 1a mot trong nhitng chu dé ¢6 dién va co ban cua 1y thuyét do thi.
Chu d& nay ciing dong mot vai trd quan trong trong nhiéu mé hinh toan hoc cho cac tng dung
thuc té khac nhau. C6 hai bién thé khac nhau lién quan dén viéc bao phi mot do thi 1a bao phu
cac canh va bao phi cac dinh cua db thi. Ca hai bién thé déu thu hut rat nhiéu sy chii y cua gioi
khoa hoc va 1a d6i twgng nghién ciru phong phi.

Mo hinh s-club dugc gisi thiéu boi Mokken nam 1979 [1] nghién ctru vé viéc bao phu tap cac
dinh cua d thi. M6 hinh s-club 1a mdt mé hinh toan hoc co ban, ban dau duoc thiét 1ap phuc vu
viéc nghién ctru khai pha thong tin trong d6 thi [2]. Hién nay, md hinh s-club ¢6 nhiéu tmg dung
nhu: trong viéc phan tich cac tuwong tac protein dya trén viéc phan cum mot mang vai sb s-club it
nhét [3]. M6t cach tiép can tuong tu da dugce xem xét trong nghién ciru [4] dé phan tich mang xa
hoi. M6 hinh s-club ciing di duoc 4p dung dé bién doi cac d6 thi thanh cac cum roi rac (s-club)
[51-7].

M0 hinh s-club ¢6 nhiéu dang khac nhau, mét trong nhitng mé hinh dwgc nghién ciru s6m
nhit 12 bai toan tim 2-club c6 kich thuéc 16n nhét, hay tong quat hon 1a bai toan tim s-club ¢
kich thudc Ié6n nhat (Maximum s-club). Bai toan Maximum s-club 1a NP-Kho khi s > 1 [8].
Nghién ciru [9] ciling chi ra rang véi dd thi dau vao G=(V, E) c6 thé tim dwoc 16i giai gan
dung ciia bai toan Maximum s-club véi he sb 1a |V|Y/2 voi s = 2 va khong thé tim dugc loi
giai gan dung v6i h¢ sb |V|¥/27€ véi € > 0 va s > 2 trir khi P = NP trong d6 |V] 1a s dinh
cua d6 thi dau vao.

M6t bai toan khac ciia mo hinh s-club ¢é yéu cau tim méot tap nhiéu nhit r tap con s-club
khong giao nhau (mdi tap s-club c6 it nhét 2 dinh) sao cho tap nay phu nhiéu nhat s6 dinh cua d6
thi. Diém khac ciia bai toan nay so véi Maximum s-club 1a cac s-club phai khong giao nhau. Cac
nghién cuu [10], [11] da chimg minh bai toan nay 1a NP-Kho.

Thoi gian gan day, huong tiép can nai long rang budc ciia mo hinh s-club duoc ap dung vao
bai toan pha dd thi. Mot trong nhitg mé hinh dugc d& xuat nghién ciru 13 bai toan Minimum s-
club cover. Bai toan Minimum s-club cover tim mot tap {C;, C5, ..., C,} céac tap con cua cac dinh
ctia dd thi (cac tap nay c6 thé khong giao nhau) sao cho hop cua cac tip nay chua tit ca cac dinh
cuia do thi va do thi con cam sinh bai mdi tap con C; (1 < i < h) c6 duong kinh khong 16n hon
s. Trong nghién cttu [12], céc tac gid da xét cac truong hop s = 2, 3 cua bai toan Minimum s-club
cover va di chi ra rang, bai toan quyet dinh twong ng véi céc truong hop nay la NP- -biy du khi
xé4c dinh cau tra 10i ctia cau hoi “co thé pha mot do thi véi hai 3-club hay khong?”, “c6 thé phu
mot do thi véi ba 2-club hay khong?”. Ciing trong nghién ciru ndy cac tac gia da chi ra rang, trén
dd thi G=(V, E) khong thé tim duoc 10i giai gan ding cua bai toan Minimum 3-club cover ¢ hé
s6 |V|1€ v6i € > 0; bai toan Minimum 2-club cover khong thé tim dugc loi giai gin dung c6 hé
s6 |V |1/2e,

Trong nhitng nim gan dy, nhiéu phuong phap gan dung dugc dé xuat dé giai cac bai toan ti
vu t& hop. Trong d6, mot vai phuong phap sir dung cac chién luoc chi giai dwoc mot sb bai toan
nhat dinh va rat kho dé ap dung cho cac bai toan khac; mot s6 phuong phap dua trén cdu tric
dugc thiét ké dé co thé st dung cic phuong phap di c6 dé giai cac bai toan khac nhau [13].
Phuong phap khai tao 10i giai nhiéu lan (Multi-Start Methods - MSM) duoc thiét ké dé co thé sir
dung két hop nhiéu phuong phap khac nhau dé tim 10i giai bai toan. Do két hop nhiéu phuong
phap nén MSM c6 thé khai thac dwoc thé manh cia cac thuat toan khac nhau [13]. Thuat toan
MSM |3p lai hai budc chinh: trong budc 1 thuat toan sé€ khai tao o1 giai; trong budc 2 thuat toan
sé cai thién loi giai duoc tao trong budc 1.

Mic du trong nghién ciru [12], cac tic gia da dé xuét thuat toan gan ding Club-Cover-Approx
(ky hiéu CCA) tim dwoc 10i giai bai toan Minimum 2-club cover véi hé s 2|V|Y2log3/?|V|,
trong d6 V 1a tap dinh caa do thi, |V| 1a sé dinh cua tap V. Tai mdi budc, thuat toan CCA s& tim
mot 2-club 1a tap 16n nhét cac dinh dugc chon. Mic du thuét toan CCA c6 uu diém vé thoi gian
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thuc hién va don gian vé y twong lan cai dit thuat toan, tuy nhién do dya trén chién luoc tham
lam va chit lwong 16i giai phu thudc nhiéu vao bac cia cac dinh caa dd thi dau vao nén chat
luong 101 giai ma thuat toan chwa thyc su tét. Bén canh do, thuat toan CCA chi giai bai toan
Minimum 2-club cover, khong ap dung dé giai duoc cac bai toan Minimum s-club cover voi
s > 2. Nham sir dung uu diém cia phuong phap MSM dé cai thién chat luogng 10i giai tim dugc,
nghién ctru nay dé xuat thuat toan gan dang (ky higu 1a 1-MSM) dé giai bai toan Minimum s-club
cover véi s > 2 duya trén trén phuong phap MSM [14], [15]. Bé 4p dung phuong phap MSM
nghién ctru da dé xuat:

- Chién luoc tham lam dé tim club tét nhat tai mdi budgce.

- Pé xuat phuong phép tao 1an can cia loi giai hién tai.

- Pinh nghia ham danh gia c4 thé khac ham muc tiéu cta bai todn Minimum s-club cover dé
so sanh cac lan can cua loi giai dang xét.

Céc phan con lai cta nghién ctru dugc t6 chirc nhu sau: phan 2 trinh bay vé Thuat toan dé
XUAt; phan 3 trinh bay cac Két qua thuc nghiém va danh gia thuat toan; phan Két luan caa nghién
ctru duoc trinh bay trong phan 4.

2. Thuat toan dé xuit

Phan nay s& trinh bay vé bai toan Minimum s-club cover va thuat toan dé xuat 1-MSM giai bai
toan Minimum s-club cover.

2.1. Bdai todn nghién Ciru

Cho don dd thi v6 huéng G=(V, E) véi tap dinh V, tap canh E. Mdi tap dinh § < V, ky hiéu
G[S] 1a d6 thi con cam sinh bai tap S. Cho hai dinh u, v € V, khoang cach gitra u va v trén dd thi
G, ky hiéu béi d; (u, v) 1 s6 canh trén duong ngan nhit ndi tir u toi v.

Pinh nghia 1 (dwong kinh cia dé thi)

Puong kinh ciia don d6 thi vo huéng G=(V, E) (ky hiéu diam(G)) 1a khoang cach 16n nhat
giita hai dinh bét ky cua tap V.

Pinh nghia 2 (s-club)

Cho don d6 thi vo6 hudong G=(V, E) va tap con U € V, @6 thi con G[U] 1a mét s-club néu
duong kinh cua G[U] 16n nhat 1a s (diam(G[U]) < s).

DPinh nghia 3 (bai toan Minimum s-club cover)

Cho don dd thi vé huéng G=(V, E) va mot s6 nguyén s > 2, hdy tim tap C = {V;,V,, ..., V. }
nhé nhit sao cho vai méi i (1 <i < h) va tap V; € V thi G[Vi] 1a mot s-club va véi mdi dinh
v €V, tontaimottap V; (1 < j < h)saochov €V,

®—3) zz
Hinh 1. Minh hoaq loi gidgi bai todan Minium s-club cover
(a) do thi dau vao va (h)mét |61 gidi bai todn Minium 2-club cover
0 minh hoa vi du V& loi giai cia bai toan Minimum s- -club cover véi O(a) la dd thi dau vao.
Tap cac dinh Vo = {4, 5, 6, 7, 8} 1a mot 2-club do duong di ngin nhat ndi hai dinh bat ky cua tap

V; ¢6 d6 dai 16n nhat 1a 2. 0(b) minh hoa mot 16i giai cia bai toan Minimum 2-club cover véi hai
tapV,={4,5,6,7,8}vaV,={1, 2, 3}.
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2.2. Lwgc do thugt todn

Thuit toan d& xuat thuc hién 13p lai cac bude chinh sau day:
- Budc 1: St dung thuat toan CCA dé khai tao 16i giai cua bai toan Minimum s-club cover, 10i
giai nay duoc dat la 1oi giai hién thoi.
- Buac 2: Lap lai cac budce sau:
+ Budc 2.1. Tao danh sach cac lan can t6t nhat cua loi giai hién thoi (mo ta chi tiét trong phan
2.3). Néu khong tim duoc 14n can nao tot hon 15i giai hién thoi thi thoat khoi vong 1ap.
+ Budc 2.2. Chon ngau nhién mt trong cac 1oi giai tir Budc 2.1 dit 1am 16i giai hién thoi.
+ Budgc 2.3. Néu sau mot sb lan xac dinh true 1o giai tot nhat tim dwoc khong duoc cai thién
thi thoat khoi vong 1ap.
Input: - D6 thi G = (V, E);
- 86 nguyén duong s >= 2;
- He s6 thoat khoi vong 1ap Apinpers
- Hé s6 lap tim lan can Agse;
- Hé 36 sb toi da 86 lan 1oi giai khong cai thién duge Pynchange;

Output: Lai giai ctia bai todn min s-club cover;

1 begin
2 solp, +— 0 > Lai giai to6t nhat tim duoc;
3 repeat
4 sol, + Tao 13i giai bing thuat toan CCA;
5 f(soly) « Danh gia 161 giad solp;
6 soly, + sol, & Luu lan can t6t nhit 1a 1oi gidi dang xét;
7 move < 1;
8 count ewit + 1;
9 for i + 0 to |V]*s* A by 1 do
10 v + Chon ngau nhién mot dinh thude téap Vi
11 sol 4+ soly;
12 idr + find_best_club(sol, v) > Tim club tét nhit dé chuyén v tai;
13 if (khong tim duoc club tét nhit) then break;
14 sol « Move(sol, v, idx) & Chuyén dinh v sang club thit idx;
15 f(sol) + Danh gia 1&i giai sol;
/* D&t sol 1a 13i gidi hién thdi */
16 if (f(sol) < f(solp)) then
17 sol, + sol;
18 move—+-+;
/* C3p nhat lan can tét nhit */
19 if (f(sol,) < f(soly,)) then soly, + soly,;
/* Cap nhat 18i gidi t6t nhit tim dugdc */
20 if (56 club ciia soly, nhé hon s6 club cia soly.s, ) then soly.q — soly,:
21 probalility _exit « move/(|V]* s % Age);
22 if (probalility _exil < Apinper) then
23 s0lyy, + soly;
24 count exit + +;
25 if (count_exit > Pychange * |V % s % Ay ) then break;
26 else count exit + 1;
27 until { diéu kién diing chva théa man);
28 return solpes;

Thuat toan 1. Ma gid cac buéc chinh cua thudt todn I-MSM
Thuat toan dugc cai dit dé ding khi s6 1an danh gia dugc st dung Ion hon s lan danh gia
dugc xac dinh trude. Nghién ciru nay tién hanh thuc nghiém véi so lan danh gia 16n nhat la
50.000 lan.
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Chi tiét hon vé cac budc cua thuat toan dé xuat duoc minh hoa bang ma gia trong Thuat toan
1 voi dong 1énh thir 4 tao 10i giai bang thuat toan CCA. Thuat toan s& lap lai nhiéu nhét
[V[*s* Agie 1an dé xét 1an can cua loi giai hién thoi. Mot 1an can duoc tao thanh bang cach chon
ngau nhién mot dinh cua loi giai dang xét va di chuyén sang mot club khac. Dong l1énh thir 12
thuc hién viée tim club t6t nhat bang cach danh gia cac 1oi giai trung gian nhan duoc twong ng
khi thir chuyén dinh v sang club khac; néu tim duoc 15 giai trung gian 1 hop 18 thi 1oi giai nay
dugc danh gia bang s6 dinh trong club ma dinh v dugc chuyén téi.

Piém luu y trong thudt toan I-MSM 1a viéc so sanh mét loi giai vai mot 1an can maéi sé dugc
thuc hién théng qua st dung ham danh gia f(.) tai cac dong 1énh tht 5, 15 (trinh bay chi tiét trong
phan 0); con viéc so sanh lan can méi vai 1oi giai tot nhat tim duogc tai dong 1énh tha 20 duoc
thuc hién thong qua sé club cua mdi 10i giai (ham muc tiéu cta bai toan Minimum s-club cover).
2.3. Xdc dinh ldn c@n ciia loi gidi dang xét

Véi mdi 1oi giai dang xét, thuat toan 1-MSM s& lap lai viéc tim 1an can mai va cap nhat loi giai
dang xét néu 1an can tim duoc tét hon. Mot 1an can cua 1o giai dang xét dugc tao bang cach di
chuyén mét dinh sang mét club khac. Phuong thic find_best_club(sol, v) tai dong 1énh ther 12
ctia Lugc dd thuat toan 1-MSM sé& xéac dinh club tét nhét dugc tao thanh tir 161 giai sol khi chuyén
dinh v cua loi giai nay sang club khac. Cac lan can dugc danh gia thong qua ham danh gia dugc
xac dinh nhu sau:

- Néu lan can 1a 15i giai hop Ié thi ham danh gia bang s6 luong dinh trong club ma dinh v
chuyén tai.

- Néu 1an cén 12 16i giai khong hop 1 thi ham danh gia bang vo cung.

- Trong trudng hop c6 nhiéu 1an can 14 101 giai hop 1é va co cung gia tri ham danh gi4 thi thuat
toan s& lya chon ngau nhién mat 1an can.

Thuéat toan 2 minh hoa cic budce chinh cua thuat toan find_best club.

Input: - D6 thi G = (V, E);
- §6 nguyén duong s >= 2;
-DinhveV;
- Loi giai dang xét solution;
Output: Chi sé ctia club tét nhit khi chuyén dinh v sang;

1 begin
2 COStimay ¢ —00;
3 foreach (club cl khéng chita dinh v) do
4 Thém dinh v vao club el;
5 radius < Tinh dutng kinh ctia d6 thi con G[cl] cam sinh tap el;
6 if (radius < s) then
7 costg < |cl| & Chi phi cia club ¢l khi thém dinh v hop lé;
8 if (costmar < costy) then
9 | costar ¢ costep;
10 else costy + —oc > Chi phi etia club ¢ sau khi thém dinh v khong hop 18 ;
11 Xoa dinh v khdi club el:
12 if (Khong tim duge club hgp Ié sau khi thém dinh v) then
13 | return-1;
14 else
15 Ist BestClub + Tao danh sich club 6 chi phi bing cost,,,.:
16 return club dudge chon ngiu nhién tir /st BestClub;

Thuat toan 2. Cdc budc chinh cua thudt todn find _best club

Thuat toan find_best_club dénh gi4 mdi club c6 dwong nho hon s bang sé luong dinh trong
club d6 s& dan téi viéc wu tién lya chon club cé s6 luong dinh 16n dé chuyén dinh v toi.
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2.4. Ddanh gia loi Qidi

Khac véi viée danh gia 16 giai thuong st dung dé giai cac bai toan 14 tinh truc tiép bang gia
tri ham muc tiéu, nghién ctru xay dung cach danh gia 1oi giai sol thong qua hai yéu to: so club
cua loi giai sol va so dinh cta club co6 so lugng dinh nho nhat. Ca thé sol dugc danh gia qua cong
thurc sau:

f(sol) = num_club + min_vertex/|V]| (1)

trong d6: num_club 1a sb club cua 1oi giai sol, néu sol 1 15 giai khong hop Ié thi num_club s&
bang s6 dinh cua dd thi dau vao (khi 4y mdi dinh s& 1a mét club); min_vertex 1a s lwong dinh
trong club ¢6 it dinh nhat; V| 1a sé dinh ciia dd thi d4u vao. Do ti I¢ %‘i”‘”‘ < 1 nén khi so
sanh hai 101 giai thong qua ham danh gia f(sol), thuat toan s& so sanh s6 club cua hai loi giai
truéc, néu hai 10i giai c6 cing s6 club thi 10i giai nao c6 ti 18 min_vertex/|V| nho hon s& duoc coi
14 t6t hon.

Viéc danh gia thong qua hai yéu té ¢6 uu diém 1a ca thé nao c6 cung sd club nhung ¢ club
nho nhat c6 it dinh hon s& dugc danh gia tot hon. Nguyén nhan dan téi dé xuat cach danh gia nay
1a do néu hai loi giai co cing s6 club thi 161 giai nao ¢ club c¢6 sb lugng dinh it nhat nho hon sé
¢6 kha ning giam duoc s6 club nhanh hon bang cach chuyén cac dinh thugc club bé nhat sang
céc club khac. Hay noi cach khac, 101 giai nao c6 club nho nhat véi s dinh it hon s& ¢6 kha ning
cai thién ham muc tiéu nhanh hon nén dugc danh gia cao hon.

3. Két qua thuc nghiém
3.1. Dar ligu thuc nghiém va tiéu chi danh gida

Nghién ctru st dung hai tap dir liéu (ky hi¢u la Type 1 va Type 2) tur thu vien DIMACS [16],
[17] dé danh gia thuat toan I-MSM. Céc bd dir liéu dugc lya chon dé tién hanh thyc nghiém c6 s6
dinh nho hon 500. Théng tin chinh vé cac tap dir liéu duge mo td trong cac 0 va 0 véi ky hiéu |V],
[E| va GD (Graph density) lan luot 1a sé dinh, sé canh va mat do (ti 1€ giira s6 canh va sb canh
nhiéu nhat ma mot do thi c6 thé c6) cua dd thi.

Nghién ciu tap trung phén tich cac tiéu chi chat lugng 101 giai tim dugc cia cac thudt toan theo
gia tri trung binh cong (Avg) chi phi ctia ham muc tiéu va gia tri tt nhat tim duoc trong cac 1an
thuc hién (BF). Gia tri BF thé hién s6 mién s-club it nhat can thiét dé phu hét cac dinh cua dé thi.

Bang 1. Thong tin chinh vé cdc bé di liéu thuge tap Type 1

Bo dir liéu WY |E| DG

karate 34 78 0,139
chesapeake 39 170 0,229
dolphins 62 159 0,084
lesmis 77 254 0,087
adjnoun 112 425 0,068
football 115 613 0,094
jazz 198 2742 0,141
celegansneural 297 2148 0,049
celegans metabolic 453 2025 0,02
email 1133 5451 0,009
polblogs 1490 16715 0,015
polbooks 1490 16715 0,015
netscience 1589 2742 0,002
power 4941 6594 0,001
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Bang 2. Thong tin chinh vé cdc bé dir liéu thuge tap Type 2

B{ dir liéu V| IE| DG B{ dir liéu V| IE| DG
johnsong-2-4 28 210 0,56 san400_0.7 2 400 55860 0,7
MANN_a9 45 918 0,93 sanr400_0.7 400 55869 0,70
hamming6-4 64 704 0,35 sanr400_0.5 400 39984 0,50
hamming6-2 64 1824 0,9 san400_0.7_1 400 55860 0,7
johnsong-4-4 70 1855 0,77 p_hat500-2 500 62946 0,50
johnson16-2-4 120 5460 0,76 p_hat500-1 500 31569 0,25
C125.9 125 6963 0,9 p_hat300-1 300 10933 0,24
keller4 171 9435 0,65 p_hat300-2 300 21928 0,49
c-fat200-5 200 8473 043 p_hat300-3 300 33390 075
brock200_1 200 14834 075 san400_0.5_1 400 39900 05
brock200_2 200 9876 0,50 gen200_p0.9 55 200 17910 09
brock200_3 200 12048 061 san200_0.9 3 200 17910 0,9
brock200_4 200 13089 0,66 san200_0.9 2 200 17910 0,9
gen200_p0.9 44 200 17910 0,9 C250.9 250 27984 0,9
san200_0.9_1 200 17910 0,9 gend00 p0.9 55 400 71820 0,9
hamming8-2 256 31616 0,97

3.2. Méi trwong va tham sé thuc nghigm

Thuat toan I-MSM va CCA duoc lap trinh béng ngdn ngir 13p trinh C#. V6i mai bo dir liéu,
thut toan 1-MSM s& dugc thuc nghiém 20 lan trén mdy tinh cai dat hé dieu hanh Microsoft
Windows 10 véi cau hinh: CPU - Intel Xeon E5620, RAM - 8GB. Cac tham so sir dung trong
thuat toan I-MSM dugc mé ta nhu trong 0.

Bang 3. Bang tém tdt cdc tham sé thyc nghiém thudt todn I-MSM

Tham sb Gia tri Tham sb Gia tri
S0 lan danh gia: 50.000 Apinper 0,01
Asize 8 Punchange 0103

3.3. Két qud thuc nghiém

0 va 0 trinh bay két qua giira thuat toan 1-MSM va thuat toan CCA trén cic bo dit liéu thudc
tap Type va Type 2 voi BF va Avg lan luot ky hiéu gia tri tot nhat va gia tri trung binh cua loi
giai tim duoc. Dit liéu trong cot CCA trong hai bang két qua trén dugc dinh dang dam nghia 1a
trén bo dir lidu d6 thuat toan CCA co két qua kém hon két qua trung binh cua thuat toan I-MSM;
Tuong tu, dir liéu tai mdi dong trong cot BF cua thuat toan 1-MSM duoc dinh dang nghiéng dam
nghia 1a gia trj tot nhat cua i giai cua bo dit liéu cung dong tuong tmg tim dugc bai thuét toan |-
MSM t6t hon 10i giai tim duoc boi thuat toan CCA.

Bang 4. Két qua so sanh giia thudt todn I-MSM va CCA trén cdc bé dir liéu thuge tap Type 1

. I-MSM
B0 dir liéu BE AVg CCA
adjnoun 19 19,0 19
celegansneural 5 50 32
celegans_metabolic 32 32,0 32
chesapeake 3 3,0 3
dolphins 17 17,0 17
email 229 229,0 229
football 15 15,0 15
jazz 14 14,0 14
karate 4 4,0 4
lesmis 3 3,0 10
netscience 322 322,0 544
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Két qua so sanh trong 0 cho thiy thuat toan I-MSM tim dugc 10i giai tbt hon CCA trén 3 bo dit
liéu; hai thuat toan tim duoc loi giai co gia tri ham muc tiéu bang nhau trén 8 bo dit liéu.

Két qua so sanh giita hai thuat toan trong 0 cho thay thuat toan 1-MSM tim duoc loi giai tot
hon thuat toan CCA trén 11 b dir li¢u; hai thuat toan tim dugc loi giai c6 gia tri ham muc tiéu
bang nhau trén 21 bo dit liéu.

Bang 5. Két qua so sanh giira thudt todn I-MSM va CCA trén cdc bé dir liéu thuge tdp Type 2

B0 dir liéu B;M—S,I\:Vg CCA B9 dir liéu BIL-M—SI\':I\VQ CCA
johnson8-2-4 1 1,7 3 san200 0.9 1 2 2,0 2
hamming6-4 4 4,0 4 gen200_p0.9 55 2 2,0 2
MANN_a9 1 1,0 2 san200_0.9 3 2 2,0 2
c-fat200-1 13 13,0 13 san200_0.9 2 2 2,0 2
hamming6-2 1 1,1 2 p_hat300-2 4 4,0 4
johnson8-4-4 2 2,0 2 C250.9 2 2,0 2
johnson16-2-4 2 2,6 3 hamming8-2 2 2,0 2
C125.9 1 1,0 2 p_hat500-1 9 9,0 9
c-fat200-5 3 3,0 3 p_hat300-3 2 2,0 3
keller4 2 2,0 2 san400 0.5 1 4 40 4
brock200_2 4 4,0 5 sanr400_0.5 4 4,0 5
p_hat300-1 8 8,0 8 san400 0.7 1 2 2,0 3
brock200_3 3 3,0 4 san400_0.7_2 3 3,0 3
brock200_4 3 3,0 3 sanr400_0.7 3 3,0 3
brock200_1 2 2,0 3 p_hat500-2 4 4,0 4
gen200_p0.9_44 2 2,0 2 gen400_p0.9_55 2 2,0 2

4. Két luan

Bai toan Minimum s-club cover dugc Xuat hién trong cac nghién ctu vé 1y thuyét do thi dudi
dang cac bai toan phan tich tuong tac protein, phan tich mang x3 hoi... Nghién ctru nay d& xuat
thuat toan gan dung dé giai bai toan Minimum s-club cover dura trén chién lugc tham lam véi dinh
nghia 1an cin va ham danh gia 101 giai mai. Bén canh wu diém vé kha ning co6 thé tim 10i giai cua
bai toan Minimum s-club cover, thuat toan dé xuét con tim duoc loi giai tdt voi thuat toan gan dung
dugc nghién ctru trudc day trén cac bo dir liéu cua hai tap dir liéu Iy tir thu vién DIMACS. Trong
thoi gian téi, tac gia s& nghién ctiru két hop thuat toan dé xuat két hop vai thuat toan dua trén quan
thé dé nang cao chét lwong loi giai cua bai toan Minimum s-club cover tim duoc.
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