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MO PAU

1. Tinh cap thiét cia dé tai

Viéc két ndi mot tap diém cho trudc voi chi phi tdi thiéu
duge xem nhu mot trong nhimg bai toan quan trong nhét cua
thiét ké mang truyén thong. Mang truyén thong co thé dugc mo
hinh hoa boi db thi v hudng, lién thong va co trong s6. Do vay,
tir nhimg nam 70 cua thé ky trudc, bai toan Cay Steiner (Steiner
Tree Problem - STP) trong d6 thi hay bai toan Cay Steiner nho
nhat (Steiner Minimal Trees Problem - SMT), 1a bai toan tdi uu
t6 hop, di duoc cac nha khoa hoc quan tim nghién ctru dé ap
dung cho thiét ké mang va nhidu ung dung quan trong khéc
trong khoa hoc va k¥ thuat. Phan 16n cac bai toan t6i wu 1a bai
toan thudc 16p NP-hard, khong thé giai trong thoi gian da thic.
Chi voi bai toan quy md nho thi ¢6 thé giai bang cac phuong
phap toan chinh xac. Céac bai toan khac duoc giai quyét bang
phuong phap xap xi dé tao ra mot giai phap du tét trong mot
thoi gian hop 1y, d6 1a phuong phap heuristic va metaheuristic.

Do ban chét 1a bai toan t6i wu thudc I6p NP-hard, nén cho
dén nay, bai toan van tiép tuc dugc cac nha khoa hoc quan tam
nghién ctru nham lam phong pha hon nita cach giai va tim 1oi
giai hiéu qua hon cho cac ung dung thuc té, dic biét 1a ung
dung trong thiét ké hé théng mang. Hién tai, di c6 hang loat
thuat toan giai bai toan SMT duoc dé xuit, co thé chia chung
thanh cac hudng tiép can sau: Céac thudt toan rat gon dd thi, cac
thuat toan can ti 1€, cac thuat toan tim 101 giai dang, cac thuat
toan heuristic va metaheuristic. Trong khi thudt toan heuristic
dugc ap dung hiéu qua cho bai toan cu thé, thi thut toan

metaheuristic dugc xem nhu khung thudt toan tong quat co thé



ap dung cho nhiéu bai toan t6i wu. Cho dén hién tai, huéng tiép
can metaheuristic cho chat luong loi giai tét nhat trong sé cac
thuat toan giai gan ding.
2. Poi twgng va pham vi nghién ciru

- P6i twgng nghién ciru

Bai toan SMT, cac thuat toan heuristic va metaheuristic, cac
cong trinh cong bé lién quan dén thuat toan heuristic, metaheuristic
giai bai toan SMT va cac (tng dung cua bai toan SMT.

- Pham vi nghién ciru

Luan 4n nay chi giéi han nghién ctu Vé cac thudt toan
heuristic, metaheuristic giai bai toan Cay Steiner véi khoang
cach ngau nhién.
3. Muc tiéu nghién ciru

Muc tiéu cua luan 4n nay 1a nghién ciru phat trién mot sb
thuat toan dang heuristic va metaheuristic nham giai bai toan
SMT mét cach hiéu qua va dinh huéng ng dung cho thiét ké hé
thdng mang.
4. Phuong phap nghién ciru

Luan an két hop phuong phap nghién ctru Iy thuyét va thuc
nghiém. Trén co s khao sat cac cong trinh khoa hoc lién quan
dén bai toan SMT va ung dung trong thiét ké mang. Cac thuat
toan dé xuat mai hoic cai tién duoc thuc nghiém, danh gia dua
trén hé théng dir liéu thuc nghiém chuin va mé rong. Viéc danh
gia so sanh hiéu nidng cac thuat toan dugc dua trén d6 phirc tap
thuat toan, chat lwong 10i giai va thoi gian chay thuc nghiém.
5. Noi dung nghién ciru

Dé xuit mot sb thuat toan heuristic, metaheuristic méi hoic

cai tién, dwa trén ¥ tuong tim cdy duong di ngin nhat, cdy



khung nho nhat, cac chién luoc tim kiém 1an can va luge d6 cac
metaheuristic co ban dé giai bai toan SMT va dinh huéng tng
dung cho thiét ké hé théng mang.

6. Nhirng déng gop chinh cua luan an

Sau day la nhitng déng gép chinh cua luan an:

- P& xuét hai thuat toan heuristic méi: SPT-Steiner va PD-
Steiner giai bai toan SMT trong truong hop do thi thua.

- Bé xuét hai thuat toan heuristic cai tién: i-SPT-Steiner va
i-PD-Steiner giai bai toan SMT trong truong hop do thi thua
kich thudc 16n 1én dén 100000 dinh.

- P& xuit méi ba thuat toan metaheuristic dang cé thé, quan
thé giai bai toan SMT gém: Thuét toan Bees-Steiner, thuit toan
tim kiém 1an can bién d6i VNS va thuat toan tim kiém leo doi
Hill climbing search (HCSMT).

- Ngoai ra, luan 4n ciing d& xuét thém 2 chién luoc tim kiém
1an can: Tham lam va c6 xac sudt, st dung trong cac khung thuat
toan metaheuristic nhim néng cao hon nita chét luong 19 giai.

7. Y nghia khoa hoc va thuc tién

Viéc dé xuat thuat toan dang heuristic, metaheuristic giai
bai toan SMT c6 ¥ nghia quan trong; mot mat, nham giai quyét
nhitng bai toan (g dung dit ra trong thuc tién dac biét trong
thiét ké hé thong mang; mit khac, con 1a co s& dé giai quyét
mot s6 bai toan tbi wu thudc 1op NP-hard khac.

8. B cuc luin an

Bé cuc cua luan an dugc to chic thanh 3 chuong va phan
két luan, cu thé nhu sau:

- Chwong 1: Trinh bay tong quan vé co so ly thuyét bai toan
SMT Véi cac ndi dung: Mot s6 dinh nghia, dinh 1y co ban lién



quan; cac dang cia bai toan SMT; so Iugc mot sb huong tiép can.
Tiép theo, khao sat mot sb thuat toan metaheuristic giai bai toan
SMT, cu thé nhu: Giéi thiéu so d6 mot so thuat toan
metaheuristic thuong gap nhu: thudt toan local search, thuat toan
leo ddi, thuat toan tim kiém lan can bién ddi, thuat toan bay ong;
cac tiéu chi danh gia chat lwong thuat toan metaheuristic; khao
sat két qua mot sd thuat toan heuristic, metaheuristic hién biét
giai bai toan SMT; dinh huéng ing dung bai toan SMT trong thiét
ké hé thdng mang va cudi cung 1a gidi thiéu hé thong dir lidu thyuc
nghiém chuan va mé rong cho bai toan.

- Chwong 2: Pé xuit 2 thuat toan heuristic m&i SPT-
Steiner, PD-Steiner giai bai toan SMT trong truong hop do thi
thua va 2 thudt toan heuristic cai tién i-SPT-Steiner, i-PD-
Steiner giai bai toan SMT trong truong hop do thi thua kich
thudc 1on.

- Chuong 3: Dé xuat 3 thuat toan metaheuristic giai bai
toan SMT; cac thuit toan nay dua trén khung thuat toan
metaheuristic gom: Thuat toan Bees, Hill climbing search va
Variable neighborhood search. Luan 4n ciing dé xuat thém mot
s6 chién luoc tim kiém 1an can cho bai toan SMT, déng thoi phan
tich wu nhuoc diém cua ting thuat toan cu thé va qua dé dinh
hudng ap dung vao thuc té cho ting thuat toan dé xuat.

Trong phan Két luan, luan an trinh bay nhitng két qua dat
dugc va dinh hudng phat trién cho nghién ciru trong tuong lai

khi ap dung két qua luan an vao thyc tién.



CHUONG 1. TONG QUAN VE BAI TOAN CAY
STEINER NHO NHAT VA PINH HUONG UNG DUNG
CHO THIET KE HE THONG MANG

1.1. Co sé ly thuyét
1.1.1. M@t s6 dinh nghia

Pinh nghia 1.1. Cay Steiner

Cho G = (V(G), E(G)) 1a mot don dd thi vo hudng lién
thong, co trong sd khong am trén canh, trong d6 V(G) la tap
gom n dinh, E(G) 1a tap gém m canh, w(e) 1a trong s cua canh
e vdi e € E(G). Cho L 1a tap con cac dinh cua V(G), cay T di
qua tat ca cac dinh trong L duoc goi 1a Cy Steiner tng vai tap
L trén d6 thi G. Tap L duoc goi 1a tap terminal, cac dinh thugc
tap L dugc goi 1a dinh terminal. Binh thudc cdy T ma khong
thudc tap L duoc goi la dinh Steiner.

Pinh nghia 1.2. Chi phi Cay Steiner

Cho T = (V(T), E(T)) 1a mot Cay Steiner cua db thi G. Chi
phi cua cay T, ky hiéu 1a C(T), 1a tong trong sb cua cac canh
thudc cay T, tirc 1a C(T) = Xece(r) W(E).

Pinh nghia 1.3. Ciy Steiner nhé nhat

Cho d6 thi G dugc mo ta nhu trén, bai toan tim Cay Steiner
c6 chi phi nhé nhat dugc goi 1a bai toan Cay Steiner nho nhat
(Steiner minimal trees problem - SMT); hoic duoc goi ngan gon
1a bai toan Cay Steiner (Steiner trees problem).

Pinh Iy 1.1. Pinh 1y vé s6 dinh Steiner

Cho db thi G va tap terminal L, Cay Steiner T cua L c¢6 p
dinh thi s6 dinh Steiner ctia T khong vuot qua p - 2

Pinh nghia 1.4. Canh cau Steiner



Cho db thi G va tap terminal L, canh ey duoc goi 1a canh
cau Steiner caa G néu khi loai canh e, thi tap cac dinh terminal
L khong cuing thudc vé mot thanh phan lién thong.

Pinh nghia 1.5. Do thi rat gon Steiner

Cho db thi G va tap terminal L, G’ dwoc goi 1a do thi rit
gon Steiner cua G néu sb dinh va sb canh cua G’ nhé hon hoic
bang s6 dinh va s canh cua G va trong G’ ton tai it nhat mot
Cay Steiner nho nhat ang véi tap terminal L cua db thi G.

1.1.2. Mot sb dang ciia bai toan SMT
Bai toan SMT hién dugc nghién cttu & cac dang sau day:
- Thiz nhdt 1 bai toan Cay Steiner voi khoang cach Euclide.
- Thaz hai 1a bai toan Cay Steiner v&i khoang cach chit nhat.
- Thiz ba 1a bai toan Cay Steiner v6i khoang cach ngau nhién
(day cting chinh la dang bai toan nghién cttu cua luan an).
1.1.3.  Tong quan cac nghién ctru lién quan dén bai toan SMT
C6 nhiéu hudng tiép can giai bai toan SMT, cu thé nhu sau:
- Cdc thudt todn rit gon do thi
- Cdc thudt toan tim loi Qidi dung
- Cdc thudt todn gan diing can ti 1é
- Cac thudt toan heuristic
- Cac thudt toan metaheuristic
1.2. Tiép can thuit toan metaheuristic giai bai toan SMT
1.2.1. Thuéat toan metaheuristic

Thuat toan metaheuristic dugc xem nhu khung thuit toan
téng quat co thé ap dung cho nhiéu bai toan téi wu. Thuat toan
nay sir dung nhiéu heuristic két hop véi cac ky thuat phu tro
nham khai pha khong gian tim kiém 1oi giai cta bai toan.

1.2.2. Tinh ting cwdng va tinh da dang



Hai yéu t6 quan trong nhat caa mot thuat toan metaheuristic
la tinh tang cuong (intensification) va tinh da dang
(diversification). Tang cuong hoa nham muc dich khai thac sau
hon céc ving khong gian 10i giai tiém ning dé hy vong tim
duoc 10i giai co chat lugng tét hon. Pa dang hoa nham khai pha
nhitg ving khong gian tim kiém méi, tranh viéc tim kiém roi
vao bay tdi uu cuc bo.

1.2.3. Tiéu chi danh gia chat lwong thuit toan
metaheuristic

Chit luong ciia mot thuat toan metaheuristic duoc danh gia
qua chat luong 16 giai va thoi gian tinh. Thoi gian tinh ngoai viéc
phu thudc vao d6 phuc tap cia thuat toan con phu thudc vao méi
truong thyc nghiém. Panh gia d phirc tap caa thuat toan thuong
dua vao tai nguyén bd nhd va thoi gian ma thuat toan sir dung.
Hién nay, nguoi str dung quan tim nhiéu hon dén yéu tb thoi gian.
1.2.4. Phan tich cac thanh phin cha mét thudt toan
metaheuristic

- Khéi tao loi gidgi ban ddu

- Chién hegc tang cwong héa 1oi gidi

- Chién liege da dang héa 1oi gidi

- Piéu kién ding cua thudt todn metaheuristic
1.2.5. Gi6i thiéu so dd mot sé6 thuat toan metaheuristic
thwong gap

- Thudt toan Local Search
- Thudt toan Hill Climbing Search
- Thudt todn tim kiém lan can bién doi
- Thudt toan Bees co ban
1.3. Khao sat mét sé thuat toan tiéu biéu giai bai toan SMT



Khao sat, phan tich danh gia mot s6 thuat toan heuristic va
metaheuristic giai bai toan SMT hién biét nhu thuat toan: SPH,
Heu, NB, PB, TS, PGA.

1.4. Pinh hwéng ing dung két qua nghién ciru cho thiét ké
hé théng mang
1.4.1. Gioi thiéu bai toan quy hoach mang

- Bai toan thir nhat: La bai todn nang cip, md rong hé
thdng mang di co.

- Bai toan thir hai: La bai toan xay dung méi hé thong mang.
1.4.2. Gioi thiéu bai toan quy hoach mang

Mot s6 mé hinh dinh huéng ng dung bai toan SMT trong
viéc thiét ké hé théng mang.

- M6 hinh 1: Thiét ké hé thong mang cuc b

- M6 hinh 2: Cung cdp dich vu mang riéng do

- M6 hinh 3: Bai todn truyén théng da hwéng

- M6 hinh 4: Thiét ké vi mach VLSI

- M6 hinh 5: Bai todn két n6i nhém

- M6 hinh 6: Bai todn Steiner nhiéu pha

- M6 hinh 7: Bai todn mang Steiner nhiéu pha

- M6 hinh 8: Bai toan phat sinh loai
1.5. Lwa chon dir ligu thuc nghiém

Luan 4n sir dung 78 bo dit liéu 1a cac dd thi thwa trong hé
thdng dit liéu thyc nghiém chuan ding cho bai toan Cay Steiner
tai dia chi: http:/people.brunel.ac.uk/~mastjjb/jeb/orlib/steininfo.html, cac

dd thi nay co tdi da 2500 dinh. Ngoai ra, luén an dé xuét thém
80 bo dir liéu 1a cac dd thi thua kich thuéc 16n 1én dén 100000
dinh: steinf, steing, steinh, steini. Cac do thi nay duoc sinh tir
mot cdy khung ngau nhién.


http://people.brunel.ac.uk/~mastjjb/jeb/orlib/steininfo.html

CHUONG 2: PE XUAT THUAT TOAN HEURISTIC GIAI
BAI TOAN CAY STEINER NHO NHAT
2.1. Giéi thiéu hwéng tiép can heuristic giai bai toan SMT

Trong chuong nay, luan an d& xuat hai thuat toan heuristic
MGi giai bai toan SMT va hai heuristic cai tién giai bai toan SMT
trong truong hop do thi thua kich thuéc lon 1én dén 100000
dinh. Cac thuat toan dé xuat nay duoc cai dat thuc nghiém va so
sanh chat lwong voi thuat toan heuristic tot hién biét MST-
Steiner cua Bang Ye Wu va Kun-Mao Chao.

2.2. Thuat toan SPT-Steiner

Algorithm 2.1: SPT-Steiner (Shortest Path Tree-Steiner)

Input: D6 thi G = (V(G), E(G));

Output: Cay Steiner nhd nhat T;

1.

7.

Tim cdc cady dudng di ngan nhdt xudt phat tai
cac dinh thudc tap V(G): SPTi, SPT., .., SPT,
for (T e {SPT:, SPT,, .., SPT,}) do

V6i méi dinh treo u € T, néu u ¢ L thi x6a canh
chtta dinh u khoi E(T), x6a dinh u trong V(T) va
cap nhat bac cla dinh ké v&i dinh u trong T.

Lap lai budc 3 dén khi T khéng con thay déi (budc
nay goi la budc xdéa cac canh du thira); sau budc
nay thu dugc cac SPT;- tuong Ung vdi cac SPT;.

end for

Tim mét cdy SPTi» c6 téng trong s& céac canh
nho nhat 1a SPTyin;

return SPTpin;

Thuat toan SPT-Steiner c6 d6 phuac tap thoi gian tinh la:

O(mnlog n).
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2.3. Thuat toan PD-Steiner

Algorithm 2.2: PD-Steiner (Prim + Dijkstra-Steiner)

Input: P6 thi G = (V(G), E(G));
Output: Cay Steiner nho nhat T;
1. Tim cac dudng di ngan nhdt tu cac dinh thudc
tap L dén cac dinh thudc tap V;
2. Chon mot dinh u e L; dat T = {u};
3. while (T chua chda tat ca cac dinh thudc tap L) do
4. T méi dinh v e L vd v chua thudéc T, tim cac
dudng di ngan nhat tir dinh v dén cac dinh z € T;
5. Chon ra mét dudng di ngdn nhit P;
6. K&t nap cac dinh va cac canh trén dudng di P vao cay T;
7. end while
8. Output T.
Thuat toan PD-Steiner c6 do phirc tap thoi gian tinh 1a: O(|L|n?).
2.4. Thuc nghiém va danh gia
Panh gia chung trén toan bd 98 bo dir liéu; thuat toan SPT-
Steiner, PD-Steiner cho chét luong 10i giai tot hon, bang, kém hon so
vai thuat toan MST-Steiner lan luot 1a: (26.5%, 7.1%, 66.3%), (86.7%,
10.2%, 3.1%) sb bo dir lidu. Két qua so sanh gitra thuat toan SPT-
Steiner va PD-Steiner véi MST-Steiner dugc minh hoa nhu Hinh 2.1.
Thuat toan SPT-Steiner va PD-Steiner co thoi gian chay cham
hon so véi thuat toan MST-Steiner.

| wx

Hinh 2.1. So sanh gitta cac thuat toan trén 98 bo dir liéu
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2.5. Cai tién thuat toan heuristic giai bai toan SMT trong
treong hep dé thi thwa kich thwéc I6n
2.5.1. Thuét toan i-SPT-Steiner

Algorithm 2.3: i-SPT-Steiner

Input: D6 thi G = (V(G), E(G));
Output: Cay Steiner nho nhat T;

1. S& dung Thuat toadn Dial tim cac cay duong di
ngan nhat xudt phat tai cac dinh thudc tap
terminal L: SPT;, SPT,, .., SPT,

2. for (T e {SPT:, SPT2, .., SPT.}) do

3. V6i mbéi dinh treo u € T, néu u ¢ L thi xéa canh
chita dinh u khoi E(T), xd6a dinh u trong V(T) va
cap nhat bac cta dinh ké& véi dinh u trong T.

4. L3p lai budc 3 dén khi T khong con thay déi (budc ndy goi
1a budc xda cac canh du thia); sau budc nay, thu dugc cac
cay SPT;» tuong Ung v&i cac cay SPT;.

5. end for

6. Tim mdt cay SPTi» cé téng trong s& cac canh nhd
nhat 13 SPTyin;

7. return SPTyin;

Thuat toan i-SPT-Steiner c6 d6 phuc tap thoi gian tinh la:
O(|L|(m + nC)).
2.5.2. Thuat toan i-PD-Steiner

Algorithm 2.4: i-PD-Steiner

Input: P6 thi G = (V(G), E(G));
Output: Cay Steiner nho nhat T;
1. Chon mot dinh u e L, dat v(T) = {u};

2. for mbéi dinh v € L do



7.
8.
9.
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Tim cdy dudng di ngdn nhat xudt phat tir dinh v;
(& budc nay si dung Thuat todn Dial dé tim)

end for

while (T chua chia tat ca cac dinh thudc tap L) do
Ty méi dinh v € L va v & V(T), Chon dudng
di ngadn nhat P xudt phat tir dinh v dén dinh
z € V(T), véi z la dinh k&t thic cla duong
di ngan nhat trong tdt cd cac dudng di ngan
nhat xudt phat tr v dén cac dinh cla V(T);
Két nap cac dinh va cac canh trén dubng di P vao cdy T;

end while

Output T.

Thuat toan i-PD-Steiner c¢6 d6 phuac tap la: O(|L|max(m +
nC, [LIIV(TI)).
2.6. Thuc nghiém va danh gia

Danh gia trén tong s6 80 bo dit liu, thuat toan i-PD-Steiner,
i-SPT-Steiner cho loi giai c6 chét luong t6t hon, tuwong dwong,
kém hon thudt toan MST-Steiner 1an luot l1a: (97.5%, 2.5%,
0.0%), (30.0%, 2.5%, 67.5%); thuat toan i-PD-Steiner cho 16i
giai c6 chat luong tét hon, twong duong, kém hon thuat toan
i-SPT-Steiner 1a: (88.75%, 6.25%, 5.0%) sb b dit liéu.

Két qua so sanh giita cac thuat toan i-SPT-Steiner, i-PD-Steiner
va MST-Steiner duoc minh hoa bang biéu d6 nhu Hinh 2.2.

7.5%

Hinh 2.2. So sanh giita cac thudt toan trén 80 bd dix liéu
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Thuat toan i-PD-Steiner c6 thoi gian chay nhanh hon so véi
thuat todin MST-Steiner va thuét toan i-SPT-Steiner. Thuit toan
i-SPT-Steiner ¢6 thoi gian chay cham hon so véi thuat toan
MST-Steiner.

2.7. Panh gia cac thuat toan thong qua d¢ phic tap

Thong qua Bang 2.1 ta thdy, thuat toan SPT-Steiner co do
phtrc tap thoi gian 16n nhat, thuat toan i-PD-Steiner c6 do phuc
tap thoi gian nho nhat, qua d6 cung cdp thém thong tin vé tinh
hiéu qua cua cac thuat toan nay.

Bang 2.1. B phuc tap thoi gian cta cac thuat toan

Thuat toan D¢ phirc tap thai gian
MST-Steiner o(n|L[?)

SPT-Steiner O(mnlog n)

PD-Steiner o(|L|n?)
i-SPT-Steiner O(JL|(m + nC))
i-PD-Steiner O(JL|max(m + nC, |L[|V(T)]))

o e 0 o | LTS SPT S 0
thoi gian giam dan: ' ’

CHUONG 3: PE XUAT THUAT TOAN
METAHEURISTIC GIAI BAI TOAN CAY STEINER
NHO NHAT
3.1. Giéi thiéu hwéng tiép can metaheuristic giai bai toan SMT

Thuét toan metaheuristic sitr dung nhiéu heuristic két hop
V6i cac k§ thuat phu trg nham khai pha khong gian tim kiém.
3.2. Khéi tao loi giai ban diu
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- Khai tao Cdy Steiner theo mét heuristic

- Khéi tao Cdy Steiner ngdu nhién

- Khdi tao Cdy Steiner dya vdo xdc sudt
3.3. Cic chién Iugc tim kiém Cay Steiner lan cin

Pinh nghia 3.1. 1-/dn cdn cua Cady Steiner T

Cho d6 thi G va T 1a mot Cay Steiner cua G. Ta goi 1-ldn
cdn ciia Cay Steiner T 13 tap tat ca cac Cay Steiner ctia do thi G
sai khac vdi T dang mot canh. Néu T° 1a mot Cay Steiner thudc
1-ldn cancua T thitandi T va T’ 1a 1-/dn cdn véi nhau.

Dinh nghia 3.2. k-ldn cgn cua Cdy Steiner T

Cho db thi G va T 1a mot Cay Steiner ctia n6. Ta goi k-ldn
cdn ciia Cay Steiner T 1a tap tat ca cac Cay Steiner cua dd thi G
sai khac v6i T khong qua k canh. Néu T’ 1a mot Cay Steiner
thudc k-Idn cgn cta T thi tandi T va T’ 1a k-ldn cdn véi nhau.

> Tiép theo, luan 4n s& trinh bay mot sé chién luge tim
kiém Cay Steiner 1an can hién biét.

- Chién liot chén canh - xéa canh

- Chién luoc tim ldn cdn tot hon

- Chién luwoc tim ldn cdn ngau nhién

- Chién luoc fim ldn cdn Node-base

- Chién luoc fim ldn cdn Path-based

- Chién luoc tim kiém ldn can tham lam

- Chién luoc tim kiém ldn cén cé xdc sudt

» Cac ham st dung trong thuat toan: InitPopulation
(v(G), E(G), N): Hamtao quz‘in thé ban dau; SortPopulation
(P, N, h, p): Ham sip xép cac ca thé trong quan thé;
NeighSearch (T:, k:): Ham tim kiém Cay Steiner lan can;

RandSearch (T:, k:): Ham tim kiém Cay Steiner ngiu nhién.
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3.4. Thuat toan Bees giai bai toan SMT
Thuat toan nay Bees-Steiner giai bai toan SMT

Algorithm 3.1: Bees-Steiner algorithm

Input: P6 thi G = (V(G), E(G));
Output: Cay Steiner cé chi phi nhd nhat tim dugc Trest;
1. InitPopulation (V(G), E(G), N); // Tao quan thé
P gbm cac Cay Steiner Ti, Ta2,...,Ty

2. While (diéu kién dimg chua théa) do

3. SortPopulation (P, N, h, p);
4. Cap nhat Tpest = T1;

5. For i = 1..h do

6. NeighSearch (Ti, ki);

7. For i = h + 1..p do

8. NeighSearch (Ti, k;);

9. For i = p + 1..N do

10. RandSearch (Ti, k3);
11. end while
12. Cap nhat cd thé Tpest;
13. Return Tpest.
Do phuc tap cua thuat toan Bees-Steiner 1a: O(N(Nlog(N) +
V(hki + (p - h)kz + (N - p)ks))).
3.5. Thuit toan tim kiém lan can bién d6i giai bai toan SMT

Algorithm 3.2: VNS algorithm

Input: P6 thi G = (V(G), E(G));
Output: Cay Steiner cé chi phi nhd nhat;
1. T 13 cay khung ngiu nhién dugc tao bdi thuat todn

tya Prim;
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X6a cac canh du thira trong T dé thu dugc Cay Steiner;
while (diéu kién dirng chua thda) do

Lan lugt thyc hién hai chién lugc tim kiém lan céan
Node-based va Path-based;

Trong quad trinh thyc hién cadc chién lugc tim kiém
13an can trén, ghi nhan lai 1&i gidi tot nhat;

Khi thyc hién mét chién lugc tim kiém 1lan can, néu
tim duwgc ki luc méi thi quay tré lai thuc hién
thuat toan WNS tir dau (sau vong lap while); ngugc
lai, chuyén sang chién lugc tim kiém 1an can tiép
theo;

Thudt toan VNS két thic khi diéu kién dung dugc
thoa; diéu kién dung dugc lua chon trong thuat
toadn nay 1la 10*n, v6i n 1a s6é dinh cla d6 thi

end while

Tra vé 10i giai tét nhat tim dugc.

Do phuc tap cua thuat toan VNS 1a: O(N?(Elog(E))).
3.6. Thuat toan Hill climbing search giai bai toan SMT

Algorithm 3.3: HCSMT algorithm

Input: D6 thi G = (V(G), E(G));

Output: Cay Steiner c6 chi phi nhé nhat tim dugc Thest;
1. stop = false;

2.d =0; //d la s6 lan tang cuong

3. T 13 Cay Steiner dugc khdi tao ngiu nhién;

4. Tpest = T; //luu lai Cay Steiner tét nhat trudc

khi thyc hién chién lugc da dang hda

5. while (d < N) do //N la s6 lan lap dinh trudc

6. stop = true;
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29.
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S=E - E(T);
for (véi mdi canh e € S ) do
min = +oo;
if (canh e ¢6 2 dinh (u, v) € T) then
F=Tu {e};
Xac dinh chu trinh Cycle trong F chia e;
for (véi méi canh e’ e Cycle) do
if (C(F - e’) < min) then
min = C(F - e’);
Ghi nhan T’ = F - e’;
end if
end for
if (min < C(T)) then
T=T;
stop = false;
end if
end if
end for
if (stop) then
d++; //tang s6 bién dém tang cuong
if (C(T) < C(Tpest)) Toest = T;
while (Théa diéu kién da dang héa) do

Loai bd mdt s& canh nglu nhién cua

Cay Steiner dang xét;

30.

Chon ngdu nhién mét s& canh trong

cadc canh con lai cla d6 thi G cho dén khi cay T lién

thong trd lai (diéu kién canh thém vao la: Phai cé

dinh thudéc T méi dugc thém vao dé tranh trudng hagp
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thém vao qud nhiéu 1an nhung T khéng 1lién théng tré&
lai). S dung dinh nghia k-lLdn cdn & trén;

31. Néu thém qua nhiéu 1lan ma khéng
lam cho T 1lién thong trd lai, thi tiép tuc da dang
héa lai véi cac canh khac;

32. end while

33. end if

34. end while

35. return Tpest.

Do phure tap caa thuat toan HCSMT 1a: O(N(Elog (E) + EV)).
3.7. Thuc nghiém va danh gia cac thuat toan metaheuristic
giai bai toan SMT
3.7.1. Thuat toan Bees-Steiner

Panh gia chung trén tong sé 38 bo dir liéu, thuat toan Bees-
Steiner cho chét luong 1oi giai tt hon, tuong duong va kém hon
thuat toan: MST-Steiner, SPT-Steiner, PGA-Steiner lan luot 1a:
(86.8%, 13.2%, 0.0%), (86.8%, 13.2%, 0.0%), (0.0%, 81.6%,
18.4%) s6 bo dit liéu.

Két qua so sanh giira thuat toan Bees-Steiner véi cac thuat
toan: MST-Steiner, SPT-Steiner va PGA-Steiner dugc minh hoa
bang biéu dd nhu Hinh 3.1.

Hinh 3.1. So sanh gitta cac thuat toan trén 38 bo dir liéu
3.7.2. Thuat toan tim kiém lan can bién doi (VNS)
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Panh gia chung trén 78 bo dir lidu 1a cac do thi thua trong
hé thdng dix liéu thuc nghiém chuan; thuat toan VNS cho 1oi giai
chat lwong tdt hon, tuong duong va kém hon thuét toan MST-
Steiner lan luot 1a: (93.6%, 6.4%, 0.0%) sé bo dir liéu; thuat
toan VNS cho 15i giai chét luong tét hon, twong dwong va kém
hon thuat todn SPT-Steiner 1an luot 1a: (84.6%, 14.1%, 1.3%) s6
bo dir liéu; thuat toan VNS cho 1oi giai chat lugng tét hon,
tuong duong va kém hon thuat toan PD-Steiner lan luot 1a:
(76.9%, 21.8%, 1.3%) s6 bo dir liéu; thuat toan VNS cho 1oi giai
chat luong tét hon, trong dwong va kém hon thuét toan Node-
based lan lugt 1a: (7.5%, 70.0%, 22.5%) sb bo dir liéu; thuat
toan VNS cho 10i giai chat lwong t6t hon, trong duong va kém
hon thuét toan Path-based lan luot 13: (20.0%. 72.5%, 7.5%) s6
bo dix liéu.

Két qua so sanh gitta thuat toan VNS véi cac thuat toan:
MST-Steiner, SPT-Steiner, PD-Steiner, Node-based va Path-
based dugc minh hoa bang biéu d nhu Hinh 3.2.

Hinh 3.2. So sanh giita cac thuat toan trén 78 bo dir liéu
3.7.3. Thuét toan Hill Climbing Search (HCSMT)

Panh gia chung trén tong s6 60 bo dir lidu; thuat toan
HCSMT cho chét lugng 11 giai tot hon, twong duong va kém
hon thuét toan Heu lan luot 1a: (46.7%, 51.7%, 1.6%) sb bo dir
lieu; thuat toan HCSMT cho chat luong 1i giai t6t hon, trong
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duong va kém hon thuat toan PD-Steiner lan luot 1a: (78.4%,
21.6%, 0.0%) s bo dir liéu; thuat toan HCSMT cho chit luong
loi giai tot hon, trong duong va kém hon thuat toan VNS lan
luot 1a: (1.7%, 70%, 28.3%) s6 bo dir ligu; thuat toan HCSMT
cho chat lugng loi giai t6t hon, twong duong va kém hon thuat
toan TS lan luot 1a: (26.7%, 46.6%, 26.7%) s6 bo dit licu.

Két qua so sanh gitra thuat toan HCSMT Vi céc thuat toan:
Heu, PD-Steiner, VNS va TS duoc minh hoa bang biéu d6 nhu
Hinh 3.3.

Hinh 3.3. So sanh gitta cac thuat toan trén 60 bo dir li¢u
3.8. Panh gia cac thuit toan thong qua d phirc tap
Thong qua Bang 3.1 ta thiy, thuat toan Bees-Steiner c6 do
phuc tap thoi gian 16n nhat, thuat toan HCSMT c6 do phuc tap
thoi gian nho nhat, qua d6 cung cap thém thong tin vé tinh hiéu
gua cua cac thuat toan.
Bang 3.1. Bg phuc tap thoi gian cua céac thuat toan

Thuat toan D¢ phirc tap thoi gian

O(N(Nlog(N) + V(hk: + (p - h)kz +
(N - p)ks))))

Bees-Steiner

VNS O(N?*(Elog(E)))

HCSMT O(N(Elog (E) + EV))

Cac thuat toan duoc Xép
theo d¢ phurc tap thoi gian | Bees-Steiner, VNS, HCSMT
giam dan:
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KET LUAN

Hién tai, c6 rat nhiéu huéng tiép can dé giai bai toan SMT, ¢
thé chia thanh hai nhém nhu sau: Giai chinh xac, dbi véi nhing
bai toan c6 kich thudc nho; va giai gan dung ddi voi nhimg bai
toan co kich thudc 16n, trong d6 co phat trién cac thuat toan
heuristic va metaheuristic dé giai bai toan nay. Vi vy bai toan
SMT doi hoi phai duoc nghién ciru mot cach da chiéu va toan
dién. Tur cac nghién ctru d6, pham vi &tng dung cua bai toan sé&
duoc chi ra mot cach 16 rang va cu thé hon trong thyc té.

Duya trén phuong phap nghién ctru dugc st dung nhu thong
qua mot s6 co sé 1y thuyét toan hoc, xay dung phat trién thuat
toan va cai dat thuc nghiém dé phan tich, so sanh danh gia, két
hop Véi cac cong cu théng ké. Cac két qua chinh cua luan an
duogc trinh bay trong Chuong 2 va Chuong 3.

1. Cac dong gop chinh cia luan an

1.1. Pé xudt hai thudt todn heuristic méi gidgi bai todn SMT
trong trrong hop do thi thua, cdc thudt todn dé xudt dwoc cai
dat thuc nghiém va cho két qud tor hon trén mét so bé dir liéu
khi so sanh voi heuristic cong bo trude do, Cu thé la:

- Péng gop thir nhdt: D& xuat thuat toan heuristic SPT-
Steiner giai bai toan SMT.

- Péng gop thir hai: D& xuit thuit toan heuristic PD-
Steiner giai bai toan SMT.

1.2. Bé xudt hai thudt todn heuristic cdi tién gidi bai todn
SMT trong truong hop do thi thua kich thudéc \én lén dén
100000 dinh, cdc thudt todn dé xuat dwoc thuc nghiém va cho
két qua tot hon trén mét sé bé dir liéu khi so sanh véi heuristic
céng bé trudc do, cu thé la:
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- Péng gop thir ba: D& xut thuat toan heuristic cai tién
i-SPT-Steiner giai bai toAn SMT.

- Pong gop thir nr: D& xuat thuat toan heuristic cai tién
i-PD-Steingr gig’li bai toan SMT. o

1.3. Pé xuat ba thudt toan metaheuristic dang ca thé, quan
thé gidi bai todn SMT trong truong hop do thi thua, cac thudt
todn dé xudt dwoc cai dat thuc nghiém va cho két qua tét hon
trén mot so bo dir lieu khi so sanh Vvoi cac heuristic,
metaheuristic cong bo trude do, Cu thé la:

- Péng gop thir nidm: D& xuit thuat toan metaheuristic dang
quan thé Bees-Steine giai bai toan SMT.

- Péng gop thir sdu: Dé xuit thuat toan metaheuristic dang
ca thé VNS giai bai toan SMT.

- Déng gop thir bay: Dé xuét thuat toan metaheuristic dang
ca thé Hill Climbing Search (HCSMT) giai bai toan SMT.

1.4. Bé xudt cdc chién hegc tim kiém ldn cdn sir dung trong
lige do thudt todn metaheuristic nham ndng cao hiéu qud cua
thudt toan metaheuristic trong viéc (idi bai toan SMT.

- Déng gop thir tdm: Luan an di nghién ctu chi tiét dic tinh
cua cac thudt toan metaheuristic trong viéc giai bai toan SMT. Pong
gdp mai cua ludn an 1a sy tong hop cac thudt toan trén véi cac chién
luoc tim kiém 1an can trén co s¢ déc tinh ctia bai toan SMT.

- Dong gop thir chin: Dya trén két qua thuc nghiém cac
thuat toan duoc phat trién, luan an dé xuat hudng ap dung timng
thuat toan vao cac loai do thi. Qua d6 lam sau sic hon, phong
phu thém viéc giai hi¢u qua bai toan SMT va dinh hudng tng
dung cho thiét ké hé thong mang.

2. Nhitng ndi dung nghién ctru tiép theo
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Hién nay, cac hudng tiép can giai chinh xac hoic giai gan
dung bai toan SMT noi chung dang dugc cac nha khoa hoc, cac
tap toan cong nghé Ion quan tdm, dau tu nghién ciru va phat
trién. Do 13 bai toan t6i wu thudc I6p NP-hard, nén mdi phuong
an moéi dua ra c6 nhiéu vu diém va ngay cang hiéu qua hon.

Theo hudng nay, trong thoi gian t6i luan an sé tiép tuc phat
trién cac noi dung sau:

- Tiép tuc phat trién cac chién luge tang cuong hoa, da dang
hoa 101 giai (cac chién luoc tim kiém lan can), ap dung vao so
d6 cac thuat toan dé xuat nhim nang cao hon nita chat luong loi
giai cho cac thuét toan.

- Tiép tuc cai tién ciu tric dit lidu, ki thuat Iap trinh khi cai
dat thuc nghiém thuat toan véi hy vong rat ngan thoi gian chay
céc thuét toan khi 1am viéc véi cac do thi thua kich thudc 16n
(c& 100000 dinh).

- Dua vao so dd cac thuat toan dé xuit va cac thuét toan
hién biét cua tac gia khac, phat trién thuat toan moi dang
metaheuristic dé giai quyét mot sé bai toan cay khung truyén
thong t6i uu, hodc cac bai toan dinh tuyén trén do thi thuoc 16p
NP-hard khac.

- Duya vao cac két qua nghién ctru dat dugc, xay dung mot
tng dung giai bai toan SMT va ap dung két qua dat dugc vao
thiét ké mot hé thdng mang cu thé trong thuc té.

CAC CONG TRINH NGHIEN CUU CUA TAC GIA

TAP CHi KHOA HQC
[CT1] Tran Viégt Chwong, Phan Tan Qudc, Ha Hai Nam
(2017), Thuat toan Bees giai bai toan Cay Steiner nho nhit



24

trong truong hop do thi thua, Tap chi Khoa hoc Céng nghé
théng tin va Truyén théng, Hoc vién Cong nghé Buu chinh Vién
thong, Bo Thong tin va Truyén thong, ISSN: 2525-2224, Sb 02
& 03 (CS.01) 2017, trang 24-28.

[CT2] Tran Viet Chuong, Ha Hai Nam (2018), A variable
neighborhood search algorithm for solving the Steiner minimal
tree problem in sparse graphs, EAl Endorsed Transactions on
Context-aware Systems and Applications, ISSN: 2409-0026, Issue
15, Vol 5, EAI 2018 (https://eudl.eu/issue/casa/5/15), pp. 1-6.
[CT3] Tran Viét Chwong, Phan Tin Qudc, Ha Hai Nam
(2020), Thuat toan tim kiém Hill climbing giai bai toan Cay
Steiner nho nhat, Chuyén san Céc cong trinh nghién civu, phat
trién va img dung Cong nghé théng tin va Truyén théng, Tap
chi Théng tin va Truyén thong, Bé Thong tin va Truyén thong,
Tap 2020, S6 1, thang 6, trang 1-8.

[CT4] Tran Viét Chwong, Phan Tin Qudc, Ha Hai Nam
(2021), Bé xuat chién luoc tim kiém 1an can cho bai toan Cay
Steiner nho nhat, Tap chi Khoa hoc Céng nghé thong tin va
Truyén théng, Hoc vién Cong nghé Buu chinh Vién thong, Bo
Thong tin va Truyén thong, ISSN: 2525-2224, Sb 01 (CS.01)
2021, trang 90-97.

[CT5] Tran Viét Chuong, Phan Tan Qudc, Ha Hai Nam (2022),
Improving the Heuristic Algorithms to Solve a Steiner-minimal-
tree Problem in Large Size Sparse Graphs, Chuyén san cdic Cong
trinh nghién cieu, phat trién va 1ing dung Cong nghé thong tin va
Truyén thong, Tap chi Thong tin va Truyén thong, Bé Thong tin va
Truyén thong, Tap 2022, S6 1, thang 3, pp. 43-52.

HOQI NGHI KHOA HQC QUOC TE

[CT6] Tran Viét Chwong, Phan T4n Qudc, Ha Hai Nam
(2017), Bé xuat mot sd thuat toan Heuristic giai bai toan Cay
Steiner nho nhét, Ky yéu Hgi nghi Khoa hoc Céng nghé Quoc
gia lan thir X vé Nghién ciru co bdan va img dung Cong nghé
théng tin (FAIR); Truong Dai hoc Pa Ning, ngay 17-



25

18/08/2017, ISBN: 978-604-913-614-6, NXB Khoa hoc va Ky
thuat, trang 138-147.

[CT7] Tran Viet Chuong, Ha Hai Nam (2018), A Variable
Neighborhood Search Algorithm for Solving the Steiner
Minimal Tree Problem, Ky yéu Hgi ngh;i khoa hoc Quéc té EAI
lan thet 7 - ICCASA va lan thi: 4 - ICTCC 2018, cha dé Context-
Aware Systems and Applications, and Nature of Computation
and Communication, LNICST 266, Springer, pp. 218-225.
[CT8] Tran Viét Chwong, Phan Tan Qudc, Ha Hai Nam
(2019), Khao sat mot s6 thuat toan giai bai toan Cay Steiner nho
nhét trong truong hop do thi thua, Ky yéu Hgi thao Qudc gia
lan thiz XXI1 vé Mét s6 vén dé chon loc ciia Cong nghé thong
tin va Truyén théng, chi d& Chuyén dbi s6 diéu hanh Kinh té -
Xa hoi trong cach mang cong nghi¢p 4.0, do Vién CNTT va
Truong Pai hoc Thai Binh to chirc ngay 28-29/6/2019 tai TP
Thai Binh, NXB Khoa hoc va K¥ thuat, trang 132-137.



