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MO PAU

1. Tinh cap thiét cia dé tai

Viéc két ndi mot tap diém cho trudc véi chi phi tdi thiéu duge xem nhu mot
trong nhimg bai todn quan trong nhat cua thiét ké mang truyén théng. Mang truyén
thong c6 thé duoc md hinh hoa béi d6 thi vo hudng, lién thong va c6 trong s6. Do
vay, tir nhitng nam 70 cta thé Ky trude, bai toan Cdy Steiner (Steiner Tree Problem
- STP) trong d6 thi hay bai toan CAy Steiner nho nhat (Steiner Minimal Trees
Problem - SMT) 1a bai toan t6i uu to hop, di duoc cac nha khoa hoc quan tdm
nghién ciru dé ap dung cho thiét ké hé théng mang va nhiéu tng dung quan trong
khac trong khoa hoc va k¥ thuat. Phan 16n cac bai toan tbi uu 1a bai toan thuoc 16p
NP-hard, khong thé giai trong thoi gian da thirc. Chi véi bai toan quy mé nho thi ¢6
thé giai bang cac phuong phap toan chinh xac. Cac bai toan khac dugc giai quyét
bang phuong phap xap xi dé tao ra mét giai phap du tdt trong mot thoi gian hop 1y,

doé 1a phuong phép heuristic va metaheuristic.

Ung dung bai todn Cay Steiner trong khoa hoc ky thuat noéi chung di duoc
nghién ctru va cong bd trong nhiéu cong trinh [9][17][20][27][37][59][64]. Tuy
nhién, do ban chat day 1a bai toan téi vu thudc I6p NP-hard nén cho dén nay, bai

toan van tiép tuc dugc nghién ctu nham tim 161 giai tdi wu hon cho cac ¢ng dung
thuc té, dac biét 1a ung dung trong thiét ké hée théng mang.
M5 hinh toan hoc ciia bai toan Cay Steiner nhé nhat ¢ thé phat biéu nhu sau [14]:
Cho G = (V(G), E(G)) 1a mot don d6 thi vo hudng lién thong, co trong sd
khong am trén canh, trong d6 V(G) 1a tap gom n dinh, E(G) 1a tap gom m canh, w(e)
1a trong s6 cua canh e véi 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 Cay Steiner cua L. Chi phi cua cay T, ky hiéu



1a C(T), 1a tong trong s cia cac canh thudc cay T. Bai toan tim Cay Steiner c6 chi

phi nhé nhét duoc goi 14 bai toan CAy Steiner nho nhat.

Trong truong hop téng quat, bai toan SMT da duoc chiing minh thudc 16p bai
toan NP-hard [14][52][80]. Bai toan SMT c6 nhiéu tng dung quan trong trong mot
s6 linh vuc khoa hoc va k¥ thuat, cu thé nhu: Bai toan thiét ké mang truyén thong
[13], bai toan thiét ké vi mach c¢& cuc 16n VLSI (Very large scale integrated), tin
sinh hoc [19][26], cac bai toan lién quan dén hé théng mang véi chi phi nho nhat
[13][19][32][34]....

Bai toan SMT vén thu hat dugc sy nghién cu cia nhiéu nha khoa hoc trong
hang chuc nam qua. Hién nay, da c6 hang loat thuat toan giai bai toan SMT duogc dé
XUAt va c6 thé chia chung thanh cac huéng tiép can sau: Cac thuat toan rat gon do
thi, cac thuat toan can ti I¢, cac thuat toan tim 101 giai dung, cac thuat toan heuristic
va metaheuristic. Trong khi thuat toan heuristic dugc ap dung hiéu qua cho bai toan
cu thé, thi thuat toan metaheuristic duoc xem nhu khung thuat toan téng quat co thé
ap dung cho nhiéu bai toan téi wu. Cho dén hién tai, hudéng tiép can metaheuristic

cho chit lwong 1oi giai tot nhat trong s6 cac thuat toan giai gan dung.

2. Poi twong va pham vi nghién ciru

- P6i twgng nghién ctiru

Bai toan Cay Steiner nhé nhat, cac thuat toan heuristic va metaheuristic, cac
cong trinh cong b lién quan dén thuat toan heuristic, metaheuristic giai bai toan
Cay Steiner nho nhit va cac tng dung cua bai toan Cay Steiner nho nhat.

- Pham vi nghién ciu

Bai toan Cay Steiner nho nhit hién dugc nghién ctru ¢ ba dang sau: bai toan
Cay Steiner v6i khoang cach Euclide, bai toan Cay Steiner voi khoang cach chir
nhat va bai toan Cay Steiner voi khoang cach gitta cac dinh 14 trong sé cua cac canh

(gia tri khoang cach ngau nhién).



Luén an nay chi gi6i han nghién ctru vé cac thuat toan heuristic, metaheuristic
giai bai toan Cay Steiner voi khoang cach giita cac dinh 1a trong sb cua cac canh

(gia tri khoang cach ngiu nhién).

3. Muc tiéu nghién ciu

Muyc tiéu cta luan 4n nay 1a nghién ciru phat trién mot sé thuat toan gan ding
dang heuristic, metaheuristic hiéu qua nham giai bai toan SMT cho chat lugng 1oi
giai tot hon so véi cac thuat todn co cing c¢& thoi gian tinh hogc doi hoi thoi gian
tinh it hon khi so sanh véi cac thuat toan co chat luong 10i giai twong duwong hodc
dua ra 101 giai mai tét nhat trén mot sé bo dix liéu thuc nghiém chuan, mé rong va

dinh huéng tng dung cho thiét ké hé thbng mang.

4. Phuwong phap nghién ciru

Ludn 4n két hop phwong phap nghién ctru 1y thuyét va thuc nghiém. Trén co
s& khao sat cac cong trinh khoa hoc lién quan dén bai toan Cay Stener nhé nhat va
tng dung trong thiét ké mang. Mo hinh cai thién chat luong loi giai bai toan duoc
dé Xuat véi cac thuat toan méi va cdi tién. C4c thuat toan dé xuat méi hogc cai tién
dugc thuc nghiém, danh gia dua trén hé thdng dix liéu thuc nghiém chuan va mo
rong. Viéc danh gia so sanh hiéu nang cac thuat toan duoc dua trén do phuc tap

thuat toan, chat luong loi giai va thoi gian chay thuc nghiém.

5. Noi dung nghién ctru

Pé xuat mot s6 thuat toan heuristic, metaheuristic mai hoic cai tién, dua trén y
tudng tim cdy duong di ngan nhat, cdy khung nho nhat, cac chién lugc tim kiém lan
can va lugc d6 cic metaheuristic co ban dé giai bai toan Cay Steiner nho nhat va

dinh huéng tng dung két qua nghién ciru cho thiét ké hé théng mang.



6. Nhitng dong gop chinh cua luin an

Sau day la nhitng dong gop chinh cua luan an:

- P& xuét hai thuat toan heuristic mgi: SPT-Steiner va PD-Steiner giai bai toan
SMT; cac thuat toan nay duoc cai dit thuc nghiém trén 98 bo dit liéu (gdm co 78 bd
dit liéu 1a cac do thi thwa trong hé théng dit liéu thuc nghiém chuan va 20 b dit liéu
mé rong la cac do thi thua kich thude 16n 1én dén 10000 dinh - steinf). Tur két qua
thue nghiém, luan 4n tién hanh so sanh, danh gia chi tiét hiéu qua cua hai thuat toan
heuristic d& xuat méi voi thuat toan heuristic MST-Steiner [14] da dugc cong bd
trude d6. Hai thuat toan dé& xuat bai luan 4an cho chat lwgng 161 giai tét hon thuat
toan MST-Steiner [14] trén mot s6 bo dir liu. Thoi gian chay cua cac thuét toan

SPT-Steiner va PD-Steiner cham hon so vai thuat toan MST-Steiner.

- Pé xuat hai thuat toan heuristic cai tién: i-SPT-Steiner va i-PD-Steiner giai
bai todan SMT trong truong hop do thi thua kich thudc 16n. Hai thuat toan heuristic
cai tién i-SPT-Steiner va i-PD-Steiner duoc cai dit thuc nghiém va so sanh, danh
gia tinh hiéu qua trén 80 bo dir liéu 13 cac do thi thua kich thudc 16n 1én dén 100000
dinh. Hai thuat toan heuristic cai tién cho chat luong 1oi giai tét hon hoic twong
duong thuat toan MST-Steiner [14] trén mot sb bo dit liéu. Thoi gian chay cua thuét
toan I-PD-Steiner nhanh hon so v&i thuat toan MST-Steiner va thuat toan i1-SPT-
Steiner. Thoi gian chay cua thuat toan i-SPT-Steiner cham hon so véi thuat toan

MST-Steiner va thuat toan i-PD-Steiner.

- P& xuit méi ba thuat toan metaheuristic dang ca thé, quan thé giai bai toan
SMT d6 1a: thuat toan Bees-Steiner, thuat toan tim kiém 1an can bién d6i VNS va
thuat toan tim kiém leo doi Hill climbing search (HCSMT). Ngoai ra, luan an ciing
dé xuat 2 chién luoc tim kiém 1an can: Tham lam va c6 xac suat; dong thoi sir dung
chung trong lugc do thuat toan tim kiém 1an can bién d6i, nhim nang cao hon nira

chét luong cho cac thuat toan metaheuristic.

- Cac thuat toan metaheuristic dé Xuat méi nay duoc cai dit thuc nghiém trén

hé théng dir liéu thuc nghiém chuan va so sanh hiéu qua véi cac thudt toan



metaheuristic khac hién biét. Két qua so sanh cho thiy cac thuat toan metaheuristic
dé xuat mai cho chat luong 1oi giai tot hon hodc bang cac thuét toan metaheuristic
cong bd trude d6 trén mot sé bo dir lieu. Chat luong cua cac thudt todn

metaheuristic phu thudc cha yéu vao cac chién luge tim kiém 1an can.

7. Y nghia khoa hoc va thuc tién

Viéc dé xuat thuat toan dang heuristic, metaheuristic giai bai toan SMT ¢ y
nghia quan trong; mot mat, nham giai quyét nhitng bai toan wng dung dat ra trong
thuc tién nhu vira néu; mat khac, con 1a co sé dé giai quyét mot sd bai toan tdi wu

thudc 16p NP-hard khac.

8. B0 cuc luan an

B6 cuc cua luan an duoc t6 chirc thanh 3 chuong va phan két luan, cu thé nhu sau:

- Chwong 1: Trinh bay tong quan vé co sd 1y thuyét bai toan Cay Steiner nho
nhét véi cac ndi dung: Mot sé dinh nghia, dinh 1y co ban lién quan; cac dang cua bai
toan Cay Steiner nho nhit; so lwoc mot s6 hudng tiép can. Tiép theo, khao sat mot
s6 thuat toan metaheuristic giai bai toan Cay Steiner nho nhat, cu thé nhu: Gidi
thiéu so d6 mot s thuat toan metaheuristic thuong gip nhu: thuat toan local search,
thuat toan leo ddi, thuat toan tim kiém 1an can bién ddi, thuat toan bay ong; cac tiéu
chi dénh gia chat luong thuat toan metaheuristic; khao sat két qua mot sé thuat toan
heuristic, metaheuristic hién biét giai bai toan Cay Steiner nho nhat; dinh huéng
g dung bai toan Cay Steiner nhé nhat cho thiét ké hé thong mang va cudi cung 1a

gi6i thiéu hé thong dir liéu thyc nghiém chuan va maé rong cho bai toan.

- Chwong 2: D& xuét 2 thuat toan heuristic mgi SPT-Steiner, PD-Steiner va 2
thuat toan heuristic cai tién i-SPT-Steiner, i-PD-Steiner giai bai toan Cay Steiner
nho nhat. Thuat toan heuristic SPT-Steiner dua trén y tudng co ban ciia bai toan tim
cdy duong di ngan nhat va thuat toan heuristic PD-Steiner 1a sy két hop ¥ tuong

chinh cua thuat toan Prim va Dijkstra. Hai thuét toan heuristic cai tién i-SPT-Steiner



va i-PD-Steiner dwa trén y tuong thay thé thuat toan Dijkstra bang thuat toan Dial
(Mot bién thé cua thuat toan Dijkstra) trong viéc tim duong di ngan nhat. Cac thuat
toan dé xuat da duogc cai dat thuc nghiém trén hé thong dix liéu thuc nghiém chuan va
mé rong 1a cac do thi thua cé kich thude 1én dén 100000 dinh. Két qua thuc nghiém
cho thay, thuat toan dé& xuat hiéu qua hon mot sé thuat toan giai gan ding da duoc

cong bd trén mot s6 bo dit liéu, nhat 1a d6i véi cac do thi thua co kich thudce 16n.

- Chwong 3: Dé xuat 3 thuat toan metaheuristic giai bai toan Cdy Steiner nho
nhat; cac thuat toan nay lan luot dya trén khung thuat toan metaheuristic gff)m:
Thuat toan Bees, Hill climbing search va Variable neighborhood search. Luan an
cling dé xuat mot s6 chién luoc tim kiém 1an can cho bai toan CAy Steiner nho nhat.
Cac thuat toan dé xuat nay da duoc cai dat thyc nghiém trén hé théng dir liéu thyc
nghiém chuan; két qua thuc nghiém cho thay thuét toan dé xuét cho 1oi giai véi chat
luong tét hon mot sb thuat toan heuristic va metaheuristic hién biét trén mot s6 bo
dit liéu. Luan an cling phan tich wu nhuoc diém cua tirng thuat toan cu thé va qua dé

dinh huéng pham vi ap dung vao thyc té cho tirng thuat toan dé xuat.

Trong phan Két luan, luan an trinh bay nhitng két qua dat duoc va dinh hudng

phat trién cho nghién ctru trong twong lai khi ap dung két qua luan an vao thuc tién.



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

Churong ndy trinh bay tong quan nhitng van dé nghién ciru ciia ludn dn. Thir
nhdt tong quan vé bdi toan Cdy Steiner nhé nhat. Thir hai tiép cdn thudt todn
metaheuristic gidi bai toan Cdy Steiner nho nhat. Thit ba khdo sat mét sé thudt todn
tiéu biéu gidi bai todn Cay Steiner nhé nhat. Thit tw dinh hiedng iing dung bai todn
Cdy Steiner nhé nhdt cho thiét ké hé thong mang va cudi cung la dé xudt lya chon
dir liéu thuc nghiém. Tir két qua nghién ciru tong quan va khdo sat phan tich, ddnh
gid mot s6 thudt todn tiéu biéu gidi bai todn Cay Steiner nhé nhat, cho thdy hudng
tiép cdn bang thudt todn metaheuristic la rdt kha thi va hiéu qua. Chwong nay dwoc
tong hop tir cic cong trinh [CT1], [CT6] va [CT8] trong danh muc cdc céng trinh

nghién cuu cua tdc gia.
1.1. COSOLY THUYET
1.1.1. Mot s6 dinh nghia

Dinh nghia 1.1. Cay Steiner

Cho G = (V(G), E(G)) 1a mét don dd thi vo hudng lién thong, cé trong sd
khong am trén canh, trong d6 V(G) 1a tap gom n dinh, E(G) 1a tap gom m canh, w(e)
1a trong s6 cua canh e véi e € E(G). Cho L 1a tap con céac dinh cia V(G), cay T di
qua tat ca cac dinh trong L duoc goi 1a Cay Steiner Gtng véi tap L trén do thi G. Tap
L duoc goi la tap terminal, cac dinh thudc tap L dugc goi la dinh terminal. Binh

thudc cay T ma khong thudc tap L duoc goi 1a dinh Steiner [14].

Dinh nghia 1.2. Chi phi Cdy Steiner



Cho T = (V(T), E(T)) 1a mdt Cay Steiner cia d6 thi G. Chi phi cua cay T, ky
hiéu 1a C(T), 1a tong trong s6 cua cac canh thudc cay T, tac 1a C(T) = Secem W(e)
[14].

Pinh nghia 1.3. Ciy Steiner nhé nhit

Cho db thi G dugc mo ta nhu trén, bai toan tim CAy Steiner c6 chi phi nho
nhit duoc 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)
[14][16].

SMT 14 bai toan 1y thuyét d thi thudc dang tdi wu t6 hop [5][3]. Trong trudng
hop tong quat, SMT di duoc chiang minh thudc I6p NP-hard [14][52].

Khac voi bai toan cdy khung nhé nhat (Minimum spanning tree problem); Cay
Steiner chi can di qua tat ca cac dinh thudc tap terminal L va c6 thé thém mot sb dinh
khac nira thudc tap V(G) chir khong nhét thiét phai di qua tat ca cac dinh caa do thi G
[14].

Pinh Iy 1.1. Dinh Iy vé sé dinh Steiner

Cho db thi G va tap terminal L, Cay Steiner T cua L c6 p dinh thi s6 dinh
Steiner caa T khong vuot qua p - 2 [1].

Pinh nghia 1.4. Canh cdu Steiner

Cho @6 thi G va tap terminal L, canh ey duoc goi 1a canh cau Steiner cua G
néu khi loai canh ey thi tdp cac dinh terminal L khong cing thudc vé mot thanh
phan lién thong [1].

Pinh nghia 1.5. Pé thi rit gon Steiner

Cho d6 thi G va tap terminal L, G’ duoc goi la d6 thi rut gon Steiner cua G
néu s6 dinh va sé canh ciia G nho hon hoic bang sé dinh va sé canh cia G va trong
G’ t6n tai it nhat mot Cay Steiner nho nhét ¢ng vaéi tap terminal L cua d6 thi G.

Dé ngin gon, trong dinh nghia nay tir do thi dwoc hiéu 1a don do thi, véo

hudng, lién thong va c6 trong s6 khong am.



Vi du 1.1. Cho mét dd thi G c6 9 dinh va 10 canh nhu Hinh 1.1 va tap
terminal L = {2, 8, 9}.

7 8 9

Hinh 1.1. Minh hoa mét d6 thi G vo hudng lién thong co trong sb

Khi d6, Cay Steiner nhé nhét tim duoc tng voi tap terminal L trén d6 thi G 1a
T co V(T) = {2, 3, 4, 6, 8, 9} va E(T) = {(2, 3), (3, 4), (4, 6), (4, 8), (6, 9)} nhur duoc
minh hoa ¢ Hinh 1.2; cay T ¢o tap dinh Steiner 1a {3, 4, 6} va c6 chi phi 1a 25.

2 4 6

8 9

Hinh 1.2. Cay Steiner nhé nhat tng véi tap terminal L ciia d6 thi G

1.1.2. Mt sé dang ciia bai toan CAy Steiner nhé nhat

Bai toan Cay Steiner nho nhét hién duoc nghién cttu ¢ cac dang sau day:

- Thi# nhat 14 bai toan Cay Steiner vi khoang cach Euclide. Trong mat phang

toa do OXY, cho d6 thi G = (V(G), E(G)) va tap dinh L — V. Céan tim ciy di qua tat
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ca cac dinh thudc tap L va c6 téng do dai 13 nho nhit, cho phép thém vao mot sb
diém phu (diém Steiner) dugc lay tir cac dinh thuéc V. Khoang cach Euclide gitra
hai diém P1 (x1, y1) va P2 (X2, y2) 1a d6 dai doan thang ndi hai dinh Pi, P
[11][16][33][41][63].

- Thi# hai 13 bai toan Cay Steiner v6i khoang cach chir nhat. Trong mat phang
toa d0 OXY cho d6 thi G = (V(G), E(G)) va tap dinh L c V. Hay tim cdy di qua tat
ca cac dinh thudc tap L va c6 tong do dai 13 nho nhat, cho phép thém vao mot sb
diém phu (diém Steiner) duoc lay tir cac dinh thuoc V. Khoang cach chit nhat
(rectilinear distance) gitra hai diém P1 (X1, Y1) va P2 (X2, ¥2) 1a d (P1, P2) = |x1— Xo| +

ly2—y2| [32][35][87].

- Thit ba 1a bai toan Cay Steiner véi khoang cach ngau nhién. Khoang cach
gilta cac dinh 13 trong s6 cua cic canh; va day 1a pham vi nghién ctru vé bai toan
Cay Steiner nho nhat cua tac gia trong dé tai nay. C6 hai truong hop dic biét d6i voi
bai toan SMT 1a giai dugc trong thoi gian da thirc; d6 1a khi L = V(G) va khi [L| = 2.
Khi L = V(G) thi bai toan SMT c¢6 thé giai bang cac thuét toan tim cdy khung nho
nht: chang han nhu thut toan Prim hoic thuat toan Kruskal; khi |L| = 2 thi bai toan
SMT c¢6 thé giai dugc bang cac thuat toan tim dudng di ngan nhat giita hai dinh,
chang han nhu thuat toan Dijkstra [38][67].

1.1.3. Tong quan cac nghién ciru lién quan dén bai toan Ciy Steiner nhé nhit

Hi¢n tai, trong nudc da c6 mot sO cong trinh nghién ciru vé€ bai todn Cay

Steiner nho nhat nhu cua tac gia Vi Dinh Hoa [1], Tran Lé Thay [7],...

Trén thé gidi da c6 nhiéu cong bd lién quan dén bai todn Cay Steiner nho nhét;
trong s6 d6 c6 luan an cia tac gia Martin Zachariasen [53], ludn an cua tac gia
Tobias Polzin [78], luan an cua tac gia Pieter Oloff De Wet [61], luén an cua tac gia
Xinhui Wang [84], luan an cua tac gia Jon William Van Laarhoven [46], ludn an

cua tac gia Zhiliu Zhang [87],...
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Hién tai, & Viét Nam chua c6 ludn 4n tién si k¥ thuat chuyén nganh nghién
ctru vé bai toan nay.

C6 nhiéu huéng tiép can giai bai toan Cay Steiner nho nhat nhu cac thuat toan
rt gon d6 thi, cac thudt toan tim 101 giai ding, cac thuat toan tim 101 giai gin dung
can ti 1, cac thuat toan heuristic va cac thuat toan metaheuristic [8][30][45][51][54]

[86],...
- Cdc thudt todn rit gon do thi

Mot s6 cong trinh vé rat gon do thi cho bai todn Cay Steiner nghién ctru cac k¥
thuat nham giam thiéu kich thuéc cua d thi nhu cong trinh cua Jeffrey H.Kingston va
Nicholas Paul Sheppard [44], cong trinh ctia Thorsten Koch va Alexander Martin [77],
cong trinh cia C. C. Ribeiro va M.C. Souza [15],...

Y tuwéng chung cua cac thuat toan rat gon do thi 1a nham dén hai muc tiéu: The
nhdt 1a gia tang s6 luong cac dinh thudc tap terminal; Thiz hai 1a loai bo cac dinh cua
d6 thi ma no chic chin khong thudc vé Cay Steiner nhé nht can tim.

Chat lugng céac thuat toan giai bai toan SMT phuy thudc vao do 16n cia hé sd
n — |L|; do vay muc dich cta cac thuat toan rat gon d6 thi 1a 1am giam thiéu toi da
hé sén—|L|.

Céc thuat toan rat gon dd thi dugc xem 1a budc tién xir Iy dir liéu quan trong
dé nang cao chat luong loi giai bai toan SMT; va cong doan ndy cang can thiét doi

véi cac thuat toan tim 1o giai dung nhu quy hoach dong hoac nhanh can.

- Cdc thudt toan tim 101 gidi dung

Céac nghién cuu tim 161 gidi ding cho bai todn SMT nhu thuét todn quy hoach
dong cua Dreyfus va Wagner [68], thuat toan dua trén phép nédi long Lagrange ctia
Beasley [39], cac thuat toan nhanh can cua Koch va Martin [77], Xinhui Wang
[84],...

Uu diém cua hudng ti€p cin nay la tim duwogc 161 giai chinh xac, nhugc diém

cua hudng ti€p can nay la chi giai dugc cac bai toan co6 kich thudc nho; nén kha
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nang ung dung cua ching khong cao. Viéc giai dung bai toan SMT thuc sy 1a mot

thach thirc trong 1y thuyét ti wu to hop [14][46][52][58].

Hudng tiép can ndy 13 co sd quan trong c6 thé dugc sir dung dé danh gia chat

luong 101 giai cua cac thuat toan giai gan ding khac khi giai bai toan SMT.
- Cdc thudt todn gin diing cdn ti 1¢

Thuat todn gan dung can ti 1é «, nghia 13 1oi giai tim dugc gan ding mot can ti

“ o

16 o so véi 10 giai toi wu [14].

Uu diém cua thuét toan gén ding can ti 1€ 1a c6 su dam bao vé mit toan hoc
theo nghia can ti 1¢ trén, nhugc diém cua thuét toan dang nay la can ti 1€ tim duogc
trong thuc té thuong kém hon nhiéu so vé6i chit luong 101 giai tim dwgc boi nhiéu
thuat toan gﬁn ding khac dua trén thuc nghi€ém. Thuat toan MST-Steiner ctia Bang
Ye Wu va Kun-Mao Chao c6 can ti 1€ 2 [14], thuat toan Zelikovsky-Steiner c¢é can ti
18 11/6 [14]; can ti 18 t6t nhat tim dugc hién tai cho bai todan SMT 14 1.39 [18][50]
[65][66][76].

- Cdc thudt toan heuristic

Thuat toan heuristic chi nhitng kinh nghiém riéng biét dé tim kiém 10i giai cho
mot bai toan t6i wu cu thé. Thuat toan heuristic thuong tim duoc 161 giai c6 thé chap
nhan duoc trong thoi gian cho phép nhung khong chac d6 1a 16 giai chinh xac. Cac
thuat toan heuristic cling khéng chic hiéu qua trén moi loai dir liéu d6i véi mot bai
toan cu thé. Chung ta c6 thé bit gap cac thuét toan heuristic cho 10i giai gan ding
trong nhiéu bai toan kinh dién nhu: bai toan ngudi ban hang, bai toan t6 mau, bai
toan 1ap lich. Bén canh d6, chung ta ciing c6 thé tim théy cac thuat toan heuristic
cho 15i giai dung nhu trong viéc giai bai toan tim cdy khung nho nhat, bai toan 1ap

lich hai mayi,...

Céc thuat toan heuristic dién hinh cho bai toan SMT nhu: MST-Steiner [14],
SPH [15], Heu [77], distance network heuristic cia Kou, Markowsky,..[47][74][75].

- Cdc thudt toan metaheuristic
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Thuat toan metaheuristic stt dung nhiéu heuristic két hop vé6i cac k¥ thuat phu
trg nham khai pha khong gian tim kiém; metaheuristic thudc 16p cac thuat toan tim
kiém t6i uu.

Hién dd c6 nhiéu cong trinh sir dung thudt toan metaheuristic giai bai toan
SMT; chang han nhu thuat toan local search [29][43], thuét toan tim kiém véi 1an
can bién doi [43], thuat toan di truyén [22], thuit toan tabu search [31][72], thuat

toan di truyén song song [57]....

1.2.  TIEP CAN THUAT TOAN METAHEURISTIC GIAI BAI TOAN CAY
STEINER NHO NHAT

1.2.1. Thuat toan heuristic

Thuat toan heuristic 12 mot phuong phap xap xi dé tao ra mot loi giai du tot

trong mot thoi gian hop 1y. N6 thé hién cach giai bai toan véi cac dic tinh sau [4]:
- Thuong tim duoc 10i gii tot (nhung khong chéc 1 1oi giai tot nhat)

- Giai bai toan theo thuat toan heuristic thuong dé dang va nhanh chong dua

ra két qua hon so voi giai thuat toi wu, vi vay chi phi thap hon.

- Thuét toan heuristic thuong thé hién kha tu nhién, gan giri v6i cach suy

nghi va hanh dong cia con nguoi.

C6 nhiéu phuong phap dé xay dung maot thuat toan heuristic, trong d6 ngudi

ta thuong dira vao mot s6 nguyén 1y co ban sau [4]:

- Nguyén Iy vét can thong minh: Trong mot bai toan tim kiém nao do, khi
khong gian tim kiém 19n, ta thuong tim cach gidi han lai khong gian tim kiém hoac
thuc hién mot kiéu do tim dic biét dua vao dic thu cua bai toan dé nhanh chong tim

ra muc tiéu.
- Nguyén Iy tham lam (Greedy): Lay tiéu chuan t6i uu (trén pham vi toan
cuc) cia bai toan dé 1am tiéu chuan chon lra hanh déng cho pham vi cuc bo cua

tirng budc (hay timg giai doan) trong qua trinh tim kiém loi giai.
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- Nguyén Iy thir tw: Thyc hién hanh dong dya trén mot ciu trac tht tu hop

Iy cua khong gian khao sat nham nhanh chong dat dugc mot 1oi giai tot.

- Ham Heuristic. Trong viéc xay dung cac thuat toan heuristic, nguoi ta
thuong dung cac ham heuristic. D6 1a cac ham danh gia tho, gid tri cuia ham phu
thudc vao trang thai hién tai caa bai toan tai mdi budc giai. Nho gia tri ndy, ta co thé

chon dugc cach hanh dong twong ddi hop 1y trong timg budc cua thuit toan.
1.2.2. Thuat toan metaheuristic

Thuat toan metaheuristic duoc xem nhu khung thuat toan tong quat c6 thé ap
dung cho nhiéu bai toan t6i wu. Thuat toan nay st dung nhiéu heuristic két hop voi
cac k¥ thuat phu tro nham khai pha khong gian tim kiém 151 giai cta bai toan; thuat

toan metaheuristic thudc I6p cac thuat toan tim kiém tdi wu.

Thuat ngir “metaheuristic” thudng dé cap dén cac thuat toan dang ca thé nhu:
local search, simulated annealing, tabu search, variable neighborhood search,... hoac
cac thudt toan dang quan thé nhu: genetic algorithm [12][36][70], particle sarm
optimization, harmony search, ant algorithm, bee algorithm, bat algorithm, cuckoo
search algorithm [82][83]....

Kho dé xac dinh thuat toan metaheuristic dang ca thé hay thuat toan
metaheuristic dang quan thé, dang nao 1a hiéu qua hon; vi ca hai dang nay déu c6
thé hiéu qua dudi diéu kién/bo tham sb thyc nghiém thich hop. Tuy vay, nhin chung
cac thuat toan dang quan thé c6 thé c6 hiéu qua hon trén cac bai toan toi wu da muc
tiéu vi nhidu phép tim kiém duoc thuc hién cung lac; didu nay co6 thé dung theo

quan sat thyc nghiém, nhung chua du co sé 1y thuyét dé khang dinh.
1.2.3. Tinh ting cuwdng va tinh da dang

Hai yéu t6 quan trong nhat caa mot thuat toan metaheuristic 1a tinh ting cuong
(intensification) va tinh da dang (diversification). Mot thuat toan metaheuristic duoc

danh gia 1a hiéu qua néu no c6 kha ning sinh ra mot ddy cac 1oi giai da dang nham
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khai pha hiéu qua khong gian tim kiém 10i giai cua bai toan. Song song d6, no ciing
can c6 kha ning ting cuong tim kiém cac 1an cin xung quanh cac 10i giai tét mot
cach hiéu qua. Tinh ting cuong va tinh da dang 13 hai thanh phan c6 phan déi lap
nhau, viéc tan dung tét sy phdi hop gitta chung 14 chia khoa thanh cong cua moi
thuat toan metaheuristic.

Tiang cudng héa nham muc dich khai thac sau hon cac ving khong gian 10i
giai tiém nang dé hy vong tim duoc 1oi giai c¢6 chat lugng tét hon. Tang cudng hoa
thuong dugc thuc hién nho ap dung céac tiép can tham lam - tim kiém dugc hudng
dén phuong an 1an can tét nhat. Néu tinh ting cudng qua cao, nd c6 thé nay sinh

van d& hoi tu som; cac 1oi giai t6i wu cuc bd tim duoc co d6 Iéch cao hoic vo nghia.

Nguoc lai, néu tinh ting cuong qua thap, qua trinh hoi tu s& cham.

Pa dang hoa nham khai phé nhiing viing khong gian tim kiém méi, tranh viéc
tim kiém roi vao bay tdi wu cuc bo. Pa dang hoa thuong dugc thuc hién qua viéc su
dung tinh ngau nhién va c6 thé két hop vai mot sé heuristic riéng biét cho timg bai
toan. Néu tinh da dang qua cao thi s& c6 nhiéu ving khong gian 10i giai duoc khai
pha ngau nhién, theo d6 s& 1am cham qué trinh hoi tu cta thuat toan. Néu tinh da
dang qué thap thi khong gian 101 giai can khai pha s& bi gidi han, cac 10i giai tim
dugc ¢o6 khuynh hudng hoi tu cuc bo hoac vo nghia.

Chat luong cua cac thuat toan metaheuristic phu thudc vao nhiéu yéu té nhu:
cach thirc tao 1oi giai/quan thé 1oi giai ban dau, diéu kién dimng, cach thirc ma hoa va
giai ma 10i giai [71].... nhung quan trong nhit 1a chién lugc ting cuong hoa, chién
luge da dang hoa va sy phdi hop giita ching. Chién lugc ting cuong hoa dugc st
dung xuyén sudt trong qua trinh thuit todn metaheuristic dién ra, con chién lugc da
dang hoa thudng duoc sir dung khi chat luong cua loi giai hién tai khong duoc cai

thién sau mot s6 lan lap xac dinh.
1.2.4. Tiéu chi danh gia chit hrgng thuit toan metaheuristic

Chat lugng caa mot thuat toan duge dénh gia qua chét lugng 1oi giai va thoi

gian tinh.
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Panh gia do phuc tap cua thuat toan la danh gia Iuwgng tai nguyén cac loai ma
thuat toan doi hoi sir dung. C6 hai loai tai nguyén quan trong nhat 1a b nhé va thoi
gian. Hién nay, khi giai quyét nhiéu van dé ang dung thuc tién quan trong, ngudi sir
dung quan tdm nhiéu hon dén yéu té thoi gian.

Ddi véi cac thuat toan gan dung dé giai cac bai toan NP-hard trong tbi uu hoa,
vi chiing khong dam bao dwa ra duoc 1oi giai t6i wu can tim, nén mot tiéu chi khong
kém phan quan trong dé danh gia thut toan gan dung d6 1a chat lwong 1oi giai ma

thuat toan dam bao.

Déi véi 16p nhitng thuat toan gan ding can ty 18, c6 thé danh gia dong gop
méi thong qua can ty Ié cua thuat toan. Tuy nhién, d6i vai phan 16n cac thuét toan
gan dung hién nay, viéc danh gia tién nghiém chat luong cua loi giai ma chung dua
ra 12 khong thé thuc hién dugc. Trong tinh hudng nay, cac nha khoa hoc chap nhan

giai phap la danh gia qua thyc nghiém.

Déi véi nhiéu 16p bai toan kho c6 nhiéu tng dung thuc tién, cong dong cac
nha khoa hoc d3 cung nhau xay dung bo dir liéu thyc nghiém chuan (benchmark
test). Dé chiing to thuat toan dé xuit ciia minh c6 nhimg déng gop mai dé giai bai
toan dit ra, cac nha khoa hoc can tién hanh thuc nghiém trén cac bo dir liéu nay dé
chi ra thuat toan ctia minh dé xuat so vé&i nhiing thuat toan hién biét c6 nhimg diém
t6t hon hodc ¢ tiéu chi thoi gian, hoic ¢ tiéu chi chat luong loi giai.

Khi lya chon thuat toan dé giai quyét van dé ang dung thyc tién, ngudi sir
dung ludn cin cr vao ca hai tiéu chi thoi gian tinh va chét luong 10i giai dé quyét
dinh dung thuat toan nao 1a phii hop véi yéu cau cua thyc tién ung dung. Vi thé, co
nhitng van dé tng dung thyuc tidn ma maot thuat toan co chat luong 10 giai tét hon
lai khong duoc lya chon sir dung vi doi hoi thoi gian khong dap tmg yéu cau. Tuong
ty, Mot thuat toan doi hoi it thoi gian nhung cho chét luong 1oi giai khong dam bao
yéu cau ciing c¢6 thé khong duoc lya chon sir dung.

Khi phai luya chon thuat toan dé giai quyét bai toan tng dung thuc tién, mot
trong nhitng tiéu chi quan trong dé lya chon thuit toan 1a thoi gian tinh cua thuat

toan. Thoi gian tinh ctia thuat toan phu thudc nhiéu yéu tb, chang han cau hinh may
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tinh (ca vé& phan ctng 13n phan mém) thuc hién thuit toan, ngdn ngit lap trinh sir

dung dé cai dat thuat toan, trinh d cua lap trinh vién cai dat thuat todn,. ..

Mic du biét rang, sai khac thoi gian tinh cua thuat toan trén cac cau hinh may
tinh khac nhau, hoac cac ngén ngir lap trinh khac nhau, hoac trinh d¢ lap trinh vién
khac nhau 1a khong qua hang s, nhung ngudi st dung rat can cé nhitng thong tin
chi tiét dé lya chon thuat toan thich hop vao viéc giai quyét van dé cu thé ciia minh.
Chang han néu d6 1a van dé (ng dung trong van hanh hé théng, thi can lya chon
thuat toan cho 101 giai chat lugng tét nhat trong s6 cac thuat toan dap tng duoc yéu
cau han ché vé thoi gian. Con néu dé 1a van dé phat sinh trong tinh toan thiét ké hé
thdng, thi cac thuat toan dua ra 10i giai véi chit luong cao hon lai dac biét duoc
quan tam. Trong 1y thuyét phan tich d6 phirc tap tinh toan cua thuat toan, cac nha
khoa hoc di dua ra tiéu chi khach quan (khéng phu thudc vao cac yéu tdé mang tinh
cha quan nhu d3 néu trén) dé danh gia thoi gian tinh ciia thuat toan: D6 1a danh gia
thoi gian tinh cua thuat toan giai bai toan béi mot ham cua kich thuée dir liéu dau
vao cua bai toan, dugc ghi nhan dudi dang ky phap tiém can (asymptotic notation),
trong d6 ky hiéu O duoc s dung dé ghi nhan danh gia tiém cén trén. Tuy nhién,
mét nhugce diém cua viéc sir dung ky hiéu tiém can chinh 13 két qua so sanh toc do
tang ctia cac ham chi dung khi d6i s6 “da 16n”. Vi thé, khi d6i s6 chua du 16n thi két
qua so sanh c6 thé 1a khong dang. Chang han, mot thuat toan c6 danh gia thoi gian
tinh 1a f(n) = 1000n? € O(n?) 1a nhanh hon thuét toan c6 danh gia g(n) = 2n® e O(n®)
khi n @i 16n. Nhung khi n < 100, dé thiy 1a doi hoi 1000n2 (= 107, khi n = 100) 1a
I6n hon doi hoi 2n® (= 2*108, khi n = 100) dén 5 lan.

Mt khac, nguoi sir dung rat can thong tin chi tiét vé& thoi gian ma thuat toan
doi hoi dé dua ra 101 giai co chat lugng dap ung yéu cau dit ra déi véi nhing kich
thudc cu thé tuong tng véi kich thudce bai toan ting dung ma ho can lya chon thuat
toan giai. Dé dap Gmg yéu cau nay, bén canh viéc dua ra danh gia thoi gian tinh 1y
thuyét cua thuat toan trong ky phéap tiém can, cac nha khoa hoc khi phat trién thuat

toan thudng dua ra thong tin vé thoi gian tinh thyc nghiém cua thuat toan.

Khi so sanh thoi gian tinh cta cac thuat toan khac nhau dua trén thyc nghiém,

lai phat sinh yéu cau 13, khi so sanh cac thuat toan can chay trén mot ha tang thong
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tin; ma dé dap tng yéu cau nay, khi tién hanh thuc nghiém cac tac gia khong nhitng
phai cai dat thuat toan ctiia minh ma con phai cai dat lai cac thuat toan cia cac tac
gia khac trén cung mot ngdn ngit lap trinh va chay trén cing mot cau hinh may tinh
dé giai cung bo dir lidu chuan. Pay 1a mot thach thic véi cong dong nhitng nha
khoa hoc trong linh vuc phat trién thuat toan. Van dé nay da duoc giai quyét tir cudi
nhitng ndm 1980 cua thé ky trude; d6 1a dwa vao thong tin danh gid tée do xu Iy cua
cac may tinh dugc cac chuyén gia may tinh dua ra. Hién nay, trong cong trinh [42]
da trinh bay cach danh gia hiéu qua cia cac hé thong may tinh khac nhau bang viéc
sir dung cac phan mém tinh toan giai hé phuong trinh tuyén tinh. Cong trinh nay st
dung don vi do Mflop/s (Million Floating-point Operations Per Second — triéu phép
tinh dau phay dong trén gidy) dé danh gia hiéu suat ciia cac may tinh. Pon vi do nay
dic biét co y nghia trong linh vuc tinh toan khoa hoc st dung nhiéu tinh toan thap
phan. Két qua cia cong trinh nghién ctru 13 bang s6 liéu vé téc do do boi Mflop/s
cho m&i mét cau hinh may tinh. Str dung bang thong tin nay, cac tac gia khong can
cai dt lai thuat toan cta ngudi khac, ma dé so sanh twong ddi thoi gian tinh cia cac
thuat toan co thé dua ra cac théng tin sau: Thoi gian tinh duge cong bd boi chinh tac
gia thuat toan; thong tin vé cu hinh may tinh thuc hién thuat toan; qui d6i thoi gian

tinh dya trén thong tin vé tc do may tinh Iy tir cong trinh ciia Dongarra [42].

Viéc so sanh thoi gian tinh cac thuét todn trén cac mdy tinh c6 cdu hinh khac
nhau chi mang tinh tuong dbi; tuy nhién cac thong tin so sanh vé thoi gian chay

cling cho ta mét cai nhin tham khao vé thoi gian tinh cia cac thudt toan.
1.2.5. So d6 chung cia thuat toan metaheuristic

So d6 chung caa mot thuat toan metaheuristic [82][83] giai bai toan téi uu cé

thé duoc biéu dién nhu sau:

Algorithm 1.1: Thuat todn metaheuristic

1. Khdi tao 1oi gidi ban dau; //16i gidi c6 thé 13 mdét cad thé
hodc mdot quan thé;

2. binh nghia cdc chién lugc tang cuong hoda;
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3. binh nghia cac chién lugc da dang héa;
4. Tinh d® thich nghi cho méi 1oi gidi;

5. while (diéu kién ding chua thdéa) do

6. Thyc hién cac chién lugc tang cuong hoda;

7. Thuc hién cdc chién lugc da dang hoda;

8. Cap nhat 10i gidi t6t nhdt cho dén thoi diém hién tai;
9. end while

10. Tra vé 1oi giai t6t nhat tim dugc;
1.2.6. Phén tich cac thanh phan cia mét thuit toin metaheuristic

- Khéi tao o1 gidi ban dau
Trong cac thudt toan metaheuristic, 101 giai ban dau dugc khai tao ngiu nhién

hodc theo mot hoic mot sé heuristic riéng ctia bai toan.

Thuong thi 161 giai ban dau dugc khoi tao ngiu nhién, nhat 13 khi s6 1an thyc

nghiém trén mdi b dir liéu 1a du 16n dé két qua thuc nghiém 1a khach quan.
- Chién lwoc ting cwong héa 167 gidi

Tinh ting cuong héa cho 10i giai thudng duoc thuc hién dua vao cac chién

lwoc tim kiém lan can.

Tuy theo dic tinh cta bai toan ma ¢ thé ap dung cac cach thirc tim kiém lan
can khac nhau; trong d6 thuong 1a: Thay mot gen ngu nhién trong 15i giai (cé thé)
bang mot gen ngiu nhién khac, hoac thay mot gen ngau nhién trong 10i giai bang
mot gen tét nhat trong tap (hoic tap con) cac gen Ung vién.

- Chién lwgc da dang héa 16i gidi

Mot 1oi giai khi no dugc cho thyc hién lién tiép viéc tim kiém 1an can theo mot
cach thirc ndo do, thi sau mot s6 Ian Iap, chat luong cua loi giai d6 s& khong con cai
thién duoc nira (10i giai dwoc goi 1a d3 khai thac can); néu tiép tuc tim kiém lan can

theo huéng d6 thi s& bé tic.
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C6 hai chién lugc da dang héa 101 giai thuong duoc sir dung: Thay thé ngau
nhién k gen cua 1oi giai bang k gen ngau nhién khac ma khong quan tdim dén chat
lwong 10i giai sau phép thay thé, hoic tao 10i giai hoan toan méi dya vao xac suat
cua mdi gen (phu thudc vao dic tinh riéng cua ting bai toan) dé thay thé cho 10i giai

da duoc khai thac can.

- Piéu Kign dirng cia thudt todn metaheuristic

C6 nhiéu diéu kién dirng di duoc ap dung trong cac thuit todn metaheuristic,
sau day 1a ba diéu kién dimng thuong dugc sir dung:

+ Thez nhat, 151 giai tét nhat tim dwoc cia bai toan khong duoc cai thién sau
mét sé lan lép dinh truéc;

+ Thi hai, s6 lan lap cua thuat toan dat dén mot gid tri dinh truéc;

+ Thir ba, thuat toan chay hét mét luong thoi gian dinh trudc (cac tham sb nay
dugc dé xuat tir qua trinh thyc nghiém tham so).

Tiép theo, nghién ctru sinh s& trinh bay so dd co ban ciia mot sd thuat toan

metaheuristic lién quan dén cac thuat toan dé cap trong luan an nay.
1.2.7. Thuat toan Local Search

Tur mot giai phap hién tai duoc chon la s, thuat toan local search s& tim mot
giai phap lan can s’ cua s; néu s’ tot hon s thi s” s& tro thanh giai phap hién tai. Qua
trinh nay s& dirng khi thuat toan 1ap d¢én mot s6 lan dinh trude hoic khi giai phap tot

nhat khéng duoc cai thién qua mot s6 lan lap xac dinh.

Local search la thuat toan quan trong cua dang thuat toan metaheuristic

[29][81]; 14 nén tang cua nhiéu thuat toan metaheuristic khac.

Algorithm 1.2: Thuat toan Local Search

1.Goi S 1a toan bd (hoac mdot phan) khong gian 1loi giai
chla bai toan;

2. Kh&di tao ngdu nhién gidi phap s thudc S;
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3. while (diéu kién ding chua dugc thoa) do
4. Tim mét gidi phdp 1an can s’ cla s véi s’ thuéc S;
5. Néu s’ tét hon s thi s’ sé trd thanh gidi phap hién
tai, tuoc dat s = s”’;
6. end while
7.s la 1oi gidi tim dugc cua bai toan;
Trong d6 diéu kién dung c6 thé sir dung 1a: Khi thuat toan lip dén mot sé lan
dinh trudc hoic khi giai phap tot nhat khong dugc cai thién qua mot s6 lan lap xac
dinh.

1.2.8. Thuat toan Hill Climbing Search

Thuat toan Hill climbing search [10] 1a mét trong nhitng k¥ thuat dung dé tim
kiém toi wu cuc b cho mot bai toan tdi wu. Thuat toan Hill climbing search lién tuc
thue hién viéc di chuyén tir mot 1oi giai s dén mot 161 giai mai s° trong mot cu tric

1an can xac dinh trude theo so d6 sau:

Algorithm 1.3: Thuat todn Hill climbing search

1. Khdi tao: Chon 1loi giai xuadt phat s, tinh gia tri ham
muc tiéu F(s).

2. Sinh 1lan can: Chon tap 1lan céan N(s) va tim 1loi giai s’
trong tap lan can nay véi gid tri ham muc tiéu F(s’).

3. Test chdp nhan: Kiém tra xem c6é chdp nhan di chuyén tu
s sang s’. Néu chdp nhan thi thay s bang s’; nguoc lai giir
nguyén s la 1oi giai hién tai.

4. Test diéu kién dirng: Néu diéu kién dung thoa madn thi
két thidc thuat toan va dua ra 1loi giai tot nhat tim duogc;

nguoc lai quay lai budc 2;

Vén dé 16n nhat ma thuat toan Hill climbing search gip phai 1a né dé roi vao

bay t6i uu cuc bo, d6 1a luc chung ta leo 1én mot dinh ma ching ta khong thé tim
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duoc mot 1an can nao tdt hon duoc nita nhung dinh nay lai khong phai la dinh cao
nhat. Bé giai quyét van dé nay, khi leo dén mot dinh téi wu cuc b, dé tim duoc 1oi
giai tot hon nita, ta c6 thé lap lai thuat toan Hill climbing search v&i nhiéu diém
xuit phat khac nhau dwgc chon ngau nhién va luu lai két qua tét nhat & méi lan lap.
Néu s6 1an lap da 16n thi ta c6 thé tim dén duoc dinh t6i wu toan cuc. Tuy nhién, véi
nhitng bai toan ma khéng gian tim kiém 16n, thi viéc tim duoc 10i giai tdi vu toan
cuc 1a mot thach thuc I6n. Dé giai quyét van dé téi vu cuc b, trong chuong nay
luan an dé xuat viéc két hop thuat toan Hill climbing search véi chién luge tim kiém

1an c4n ngau nhién véi hy vong ning cao chét luong 1o giai cua thuat toan.
1.2.9. Thuét toan tim kiém lan cin bién doi

Y tuéng cua thuat toan tim kiém 1an can bién d6i (Variable neighborhood
search - VNS) [60] 1a thuc hién lan luot tirng thuat toan 1an can, hét thuat toan lan
can nay dén thuat toan 1an can khéac. Trong qué trinh thuc hién thuat toan VNS, ta
luén ghi nhan loi giai tét nhat (ky luc). Khi thuc hién mot thuat toan 1an can, néu
tim duogc ki luc méi thi ta quay trd lai thuc hién thuat toan VNS tir dau; nguoc lai, ta
chuyén sang thuat toan 1an can tiép theo. Qua trinh tim kiém duoc tiép tuc cho dén
khi thuc hién hét tit ca cac thudt toan 1an can ma 10i giai tét nhat khong dugc cai

thién.

Algorithm 1.4: Thuat toan Variable Neighborhood Search

1. Goi S 13 toan bd (hoac moét phan) khong gian 1oi giai cula
bai toan;
2. Khdi tao ngiu nhién gidi phdp s thudc S;

3. Goi LSi, LSz, .., LSk 1la cac thuat toan tim 1lan céan cua bai

toan dang xét;

4. while (diéu kién dung chua dugc thda) do

vl

for (int 1 = 1; 1 <= R; i++) do

6. Goi s’ 13 1an can cla s v4di s’ dugc tim thdy bang LSi;
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7. Néu s’ tét hon s thi break; // thodt khoi vong lap for;
8. end for
9. end while

10. s la 1oi gidi tim dugc cua bai toan;
Trong d6 diéu kién ding c6 thé st dung 1a: Khi thuc hién hét tat ca cac thuat

toan 1an can ma 10i giai tot nhat khong duogc cai thién.
1.2.10. Thuat toan Bees co ban

Céc thuat toan mé phong theo qué trinh tim kiém thirc an cta loai ong dd dugc
biét dén trong cic cong trinh ciia cac nhém tac gia Dusan Teodorovic (2010)
[25][28], D.T. Pham (2005) [21], Xin-She Yang (2010) [83]....

Céc thuat toan Bees st dung dong thoi ba chién lugc tim kiém sau: tim kiém
lan can, tim kiém ngdu nhién va tim kiém sdau hon ¢ nhitng ving tiém ndng. Cac
thuat toan Bees duoc danh gia 1a thich hop dé giai cac bai toan tdi wu to hop kho so

vé6i nhiéu metaheuristic pho bién trude do6 [4][6][83].

Algorithm 1.5: Thuat toan Bees

1. Khdi tao quan thé ban dau véi N ca thé ong; cac ca thé
nay dugc tao ngiu nhién hodc bang mdét heuristic dac thu tuy

theo bai toan.

2. Panh gia dd thich nghi cho méi cd thé cla quan thé.

3. while (diéu kién ding chua thod) do

4. Trong N ca thé ong, chon ngau nhién ra p ca thé dé thuc
hién tim kiém 1an can (p < N). Trong s6 p cd thé dugc chon
nay, chon ra h cd thé cé dé thich nghi cao nhat (phan bé céc
thé vao ba nhém khac nhau dé thuc hién viéc tim kiém).

5. Cir thém nep ong dé thuc hién viéc tim kiém 1an can cho
h ca thé tét nhat trén va nsp ong dé thuc hién viéc tim kiém

1an can cho p — h ca thé dugc chon con lai. Panh gid do thich
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nghi cho cac ca thé vira dugc bdé sung (nsp < nep, nsp va nep 1a
cac s6 nguyén duong, thuc hién viéc tim kiém 1lan can).

6. Sau khi thyc hién tim kiém 1an cadn, méi cd thé (géc) c6
thé sinh thém mdét hodc mdét sé 1lan can. Trong s6 ca thé gdc va
cdc ca thé 1an can cla né (c6 thé goi 1a mdét vung cac ca thé)
chon ra mot ca thé cé dd thich nghi cao nhdt dai dién cho ving
cd thé dé6 & 1lan tién hda tiép theo.

7.M6i ca thé trong s6 N — p cad thé khédng dugc chon sé
dugc thay thé bang mdét cd thé ngiu nhién (thuc hién viéc tim
kiém ngdu nhién). Panh gid dé thich nghi cho cac cd thé duogc
bé sung.

8. end while

9. return cad thé t6t nhat trong quan thé & thé hé cudi cung;

Thuat toan Bees co ban trén sir dung cac tham sé sau: N 1a s6 luong ca thé ong
dugc khaoi tao; p 1a sé lwong ca thé duoc chon trong sé N ca thé; h 1a sé luong ca thé
c6 chét luong tét nhat trong s6 p ca thé dugc chon; p —h 13 s6 luong ca thé duoc
chon con lai; N —p 1a s6 luong ca thé khong dugc chon; nep 1a sb luong ong cir dén

h c4 thé tot nhat; nsp 1a sé lwong ong cir dén p —h ca thé duoc chon con lai.

1.3. KHAO SAT MOT SO THUAT TOAN TIEU BIEU GIAI BAI TOAN
CAY STEINER NHO NHAT

Két qua khao sat thuc nghiém mot s thuat toan heuristic, metaheuristic tiéu
biéu dugc ghi nhan lai trong cac Bang 1.1, 1.2, 1.3. Cac bang c6 cau triic nhu sau:
Cot Test 1a tén cac bo dir li¢u trong hé théng dir li¢u thyc nghiém; mdi cot tiép theo
ghi nhan gi4 tri chi phi Ciy Steiner tuong trmg v&i mdi thuat toan. Cot Opt ghi nhan
gia tri ing vai thudt toan giai chinh xac cua J. E. Beasley [39]; cot SPH [15], Heu
[77] ghi nhan gia tri cia cac thuat toan heuristic; cac cdt NB [69], PB [69], TS [15],

PGA [57] ghi nhan gia tri cia mot s6 thudt toan metaheuristic dién hinh hién biét.
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Bang 1.1. Két qua thuc nghiém mot sé thuét toan trén nhoém do thi steinc

Test Opt SPH Heu NB PB TS PGA
steincl 85 105 85 85 85 85 85
steinc2 144 165 144 144 144 144 144
steinc3 754 776 755 754 754 754 754

steinc4 1079 | 1092| 1080 | 1079| 1079| 1079| 1079

steincb 1579 | 1593 | 1579 | 1579| 1579 | 1579| 1579

steinc6 55 70 55 55 55 95 55
steinc? 102 113 102 102 103 102 102
steinc8 509 527 510 509 509 509 509
steinc9 707 723 715 707 707 707 707

steinc10 1093 | 1109| 1093 | 1093 | 1093 | 1093 | 1093

steincll 32 42 32 32 33 32 32
steinc12 46 55 46 46 46 46 46
steinc13 258 272 262 258 258 258 258
steincl4 323 335 324 323 323 324 323
steincl5 556 563 957 556 556 556 556
steincl6 11 15 11 11 11 11 11
steincl7 18 20 19 18 18 18 18
steinc18 113 125 120 116 116 117 113
steincl9 146 159 150 147 147 148 146

steinc20 267 269 268 267 268 267 267
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Bang 1.2. Két qua thuc nghiém mot sé thuat toan trén nhom do thi steind

Test Opt SPH Heu NB PB TS PGA
steindl 106 109 106 106 106 106 106
steind2 220 243 220 220 220 220 220

steind3 1565 | 1606 | 1570 | 1565| 1565| 1567 | 1565

steind4 1935 1975| 1936 | 1935| 1935| 1935| 1935

steind5 3250 | 3286 | 3252 | 3250 | 3254 | 3250| 3250

steind6 67 85 70 68 70 70 67

steind7 103 105 103 103 103 103 103

steind8 1072 | 1106 | 1092, 1072, 1077 | 1078 | 1072

steind9 1448 | 1504 | 1462 | 1448 | 1449 | 1450 1448

steind10 2110 | 2148 | 2113 | 2110| 2111 | 2112 2110

steind11 29 38 29 29 29 30 29
steind12 42 49 42 42 42 42 42
steind13 500 523 510 501 502 502 500

steind14 667 699 675 669 667 667 669

steind15 1116 | 1137 1120| 1117| 1120 | 1117 1116

steind16 13 14 13 13 13 13 13
steind17 23 26 23 23 23 23 23
steind18 223 250 238 228 228 230 225

steind19 310 336 325 313 317 315 312

steind20 537 541 539 537 539 538 537
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Bang 1.3. Két qua thuc nghiém mét sé thuat toan trén nhom do thi steine

Test Opt SPH Heu NB PB TS PGA
steinel 111 152 111 111 111 111 111
steine2 214 255 214 214 214 216 214

steine3 4013 | 4121 | 4052| 4016 | 4018| 4018 | 4015

steine4 5101 | 5215 5114 | 5101 | 5101 | 5105| 5101

steineb 8128 | 8249 | 8130| 8128| 8128 | 8128 | 8128

steine6 73 96 73 73 73 73 73

steine7 145 168 149 145 145 149 145

steine8 2640 | 2745 | 2686 | 2648 | 2648 | 2649 | 2645

steine9 3604 | 3734 | 3656 | 3608 | 3608| 3605| 3607

steinel0 5600 | 5682 | 5614 | 5600| 5602| 5602| 5600

steinell 34 43 34 34 34 34 34

steinel2 67 73 68 67 67 68 67

steinel3 1280 | 1342 1312 | 1292 | 1292| 1299 1286

steinel4 1732 | 1785| 1752 | 1735| 1735| 1740 1733

steinel5 2784 | 2826 | 2792 | 2784 | 2784 | 2784| 2784

steinel6 15 19 15 15 15 15 15
steinel? 25 31 26 25 25 25 25
steinel8 564 627 608 584 584 595 572
steinel9 758 801 788 770 778 778 761

steine20 1342 | 1359 | 1349 | 1343 | 1343 | 1352 | 1342

Trong sd cac thuat toan trén, thudt toan metaheuristic dang quén thé cho loi

giai chat luong tét hon so voi cac thuat toan heuristic va cac thuat toan
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metaheuristic dang c4 thé. Tuy nhién, khi thyc nghiém véi cac do thi cé kich thudc
I6m thi cac thuat toan metaheuristic dang ca thé cho thoi gian chay nhanh hon so véi

cac thuat toan metaheuristic dang quan thé.

1.4.  PINH HUONG UNG DUNG BAI TOAN CAY STEINER NHO NHAT
CHO THIET KE HE THONG MANG

1.4.1. Giéi thiéu bai toan quy hoach mang

Theo [2], van dé thiét ké hé thong mang c6 thé dit ra dudi dang mot trong hai

bai toan quy hoach mang sau day.

- Bai todn thir nhdt: La bai toan nang cip, md rong hé thdng mang da co. Noi
dung cua bai toan ndy bao gdm viéc xac dinh ciu hinh, kich ¢, danh muc chi tiét
cac thiét bi can dau tu, cac cong trinh can xay dung nhiam dap ing cac yéu cau mo
rong san xuat va kinh doanh cua to chirc, doanh nghiép trong mot khoang thoi gian

theo ké hoach da dinh trudc.

- Bai todn thir hai: La bai toan xay dung méi hé thong mang. Bai toan nay

duoc dat ra cho cac khu vuc d6 thi dugc xay méi hay cac khu cong nghiép, ....

Trong thuc té, hai bai toan quy hoach mang néu trén thuong duoc giai quyét

theo cac budc sau day.

- Buwoc thir nhdt: Trong quy trinh quy hoach mang 14 khao sat thyc dia ving
mang can xay dung dé xac dinh duoc cac vi tri nit mang va cic yéu cau cau ky
thuat can thiét bao gom luu lugng dudng truyén gitta cac nat mang, cac rang budc
chat luong mang nhu bang thong, do tré, kha ning hdi phuc, ... Cac két qua & budc
nay ciing chinh 1a dir liéu dau vao cho bai toan quy hoach mang.

- Bwéc thir hai: Trong quy trinh quy hoach mang s& can ctr dit liéu dau vao,
tién hanh xay dung két ni mang téi vu thoa min cac yéu cau ky thuat. Noi dung

ciia budc nay 1a xay dung va sir dung cac thuat toan thiét ké két ndi (topology)
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mang t6i wu. Két qua cua budc ndy dua ra két ndi mang dam bao cac yéu cau ky
thuat véi chi phi téi thiéu.

- Bwoc thir ba: Trong quy trinh quy hoach mang 1a thyc hién phén tich va
danh gia két qua két ndi mang dua ra trong budc thtr hai. Trén co s& phan tich va so
sanh cac giai phap thiét ké mang dé lua chon giai phap t6t nhat va kha thi. Tuy
thudc vao két qua phén tich, c6 thé tién hanh lai buéc thir hai dé tim ra mot giai

phap kha thi hon. D6 ciing chinh 13 két qua dau ra cho bai toan quy hoach mang.

Quy trinh gidi quyét bai toan quy hoach mang cé thé biéu dién dudi dang so
d6 khéi nhu trong Hinh 1.3.

Vitri cac nut mang va cac
yéu cau k¥ thudt can dam bao

.
L

Y

Xay dung két néi mang toi uu thoa man
cac veu cau kv thuat vai chi phi toi thiéu

Chua phu hop

Phén tich va danh
gia két noi mang da
xdy dung

Mang hoan chinh dam bao cac
yvéu cau k¥ thudt vai chi phi toi
thiéu va kha thi

Hinh 1.3. So d6 khdi giai quyét bai toan quy hoach mang
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Trong qué trinh giai quyét bai toan quy hoach mang, qua trinh xay dung két
ndi mang téi wu c6 vai trd quan trong nhat. Qua trinh nay lién quan dén mat loat cac
thuat toan, cac qué trinh 13p lai nham tim ra mot két ndi mang phu hop nhat véi cac

yéu cau ky thuat, chi phi tdi thiéu va kha thi trong trién khai thuc té.

1.4.2. Pinh hwéng @ng dung cac thuit toan tim CAy Steiner nhé nhit trong

thiét ké h¢ théng mang

Hé théng mang bao gdm mang may tinh néi chung va mang vién thong néi
riéng c6 thé duoc md hinh hoa bai do thi vé hudng, c6 trong s6 G = (V(G), E(G),
W(E)). Trong d6, V(G) 1a tap hop cac nut mang, E(G) 1a tap hop cac két néi gitra
cac nut mang va W(E) 1a tap hop trong sé trén cac két ndi duoc tong hop tir cac yéu

cau ky thuat can dam bao caa hé thong mang [2][32][48].

Goi L 1a tap cac dinh thuoc G béu dién cho cac nat mang méi bd sung dé mo
rong mang. Bai toan quy hoach, thiét ké mang tré thanh bai toan lua chon cac két
ndi gitra cac dinh thudc L va cac két ndi gitra cac dinh cua L véi cac dinh khong
thudc L sao cho chi phi nho nhat. Trong truong hop can thiét ké hé théng mang méi

thi tap hop L trung vai V(G).

Nhu vay, bai toan quy hoach, thiét ké hé thdng mang co thé chuyén vé bai
toan tim CAy Steiner nho nhat trén tap L cua d6 thi G. Pay 1a bai toan thudc lop
NP-hard va 1a bai toan thuong dugc st dung trong thiét ké hé thdng mang co thé
trién khai trong thuc tién [9][14][23][24][48].

Khi xem xét cac tng dung cta bai toan SMT trong thiét ké hé théng mang, can
xéac dinh 16 ta dang quan tim dén goc do cia bai toan thiét ké hay goc do cua bai
toan thuc thi: Néu ¢ goc do cua bai toan thiét ké thi wu tién vé chat luong 1oi giai
hon; con néu & goc d6 cua bai toan thuc thi thi wu tién vé thoi gian chay hon.

Sau ddy 1a mot s6 mé hinh dinh huéng (ng dung bai toan SMT trong viéc thiét
ké hé théng mang [34][73][85][62].

- M6 hinh 1: Thiét ké hé théng mang cuc bé
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Xét mot hé thdng mang cuc b cé day truyén thng trong mot cao ¢c. Bo
khung vi tri cac diém phat méi cho WLAN c¢6 thé tan dung hé théng LAN sin co,
nhung khong nhat thiét phai thyc hién twong ty. Gia s da biét tap cac diém phat
duoc ndi v6i nhau qua LAN va chi phi dé két ndi mot diém phat dén mot diém két
ndi dinh nghia bai kij.

Trong trudng hop nay, tap V gom tat ca cac diém phat va moi diém két nbi dén
hé thdng LAN san co. Vi chi c¢6 cac diém phat méi giao tiép voi nhau, nén S chi
gom nhitng diém phat va H 1a mot d6 thi ddy du. Chi phi két ni giita hai diém két
ndi i, j € V\'S duoc dinh nghia 14 kij= 0. Ung dung duoc biét dén nhu 14 bai toan
Cay Steiner c¢6 chi phi nhé nhat. Tap con U c V duoc goi 1a tdp cac dinh cudi
(terminal) lién théng véi nhau, trong khi sé dinh con lai V \ U dugc xem nhu 13 cac

tai trung tam (hub) giup giam chi phi két néi.
- M6 hinh 2: Cung cdp dich vu mang riéng o

M6t nha cung ¢ng dich vu Internet (ISP) cung cap dich vu mang 4o ca nhan
(VPN) cho cac khach hang. Mdi VPN 1a mot mang may tinh sir dung nhitng mach
a0 tham gia vao mot mang 16n hon. V&i mdi khach hang, mot VPN duoc thiét lap
cho phép giao tiép moi noi ma khach hang d6 di dang ki. Nha cung cap Internet
thuong thué bang thong truyén tir nha mang vién thong. Chi phi tiét kiém c6 duoc
bang cach khai thac thong tin to hop yéu cau tir nhiéu khach hang dé c6 ké hoach
trién khai téi uu.

Day la trudng hop suy rong cua bai toan Cay Steiner. Néu tat ca cac dinh trong
U khong lién thong thi ciu triic topd khong nhat thiét phai 1a cay khung U. Vi mdi
thanh phan H, ciu tric topo tdi uu s& lién thong, nhung khong can phai ndi cac dinh
& cac thanh phan khac nhau. Tuy nhién, trong vai trudong hop, viéc ndi mot dinh cua
thanh phan nay v6i mot dinh cta thanh phan khéc lai to ra hiéu qua hon. Trong thuc
té, cdu tric topo két qua thuong s& 1a mot rung (forest) vai s6 luong phan ta nhiéu

nhét (cac cay).

- M6 hinh 3: Bai todn truyén thong da hwong
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Cho mét mang may tinh duoc biéu didn boi mot d6 thi vo huéng G = (V(G),
E(G)), mét tap con T cac dinh caa V(G) duoc goi 13 nhom truyén théng va mot diém

s dugc goi 1a mot may nguon.

Bai toan yéu cau tim mot topology ndi tit ca cac may trong nhom truyén thong
T s sao cho tong sb cac kénh ndi (trong mot sb trudng hop c6 thé 1a tong d6 dai
cac kénh ndi) can st dung 13 nho nhat ma van théa man cac rang budc cua mang

nhu tbc do duong truyén, dung luong bang thong, .....
- M6 hinh 4: Thiét ké vi mach VLSI

Trong budc thiét ké vat 1y cta vi mach VLSI, pha di diy bao gdm viéc xac
dinh so d6 néi ddy cho cac diém néi cua tirng khéi hay ting cong trén Chip. Mot
mang trén Chip 14 tap hop cac diém can phai ndi véi nhau, thuong bao gom mot
diém ngudn va nhiéu diém dich. Trong viéc di day, so dd két ndi dugc dit ta cho
mot sb luong 1on cac mang. Két ndi thudng duoc thuc hién trén mot mang cung lac.
Mdi phuong an két ndi cho mot mang don 1a mot Cay Steiner phu cac diém néi.
Nhiéu yéu cau t6i wu dat ra cho viéc néi mang phu thudc vao chirc ning cua ting
mang. Viéc thiét ké vi mach VLSI, cac dudng ndi chi 1a duong ngang doc trén bang
mach. Bai toan tdi wu chiéu dai day ndi dugc dwa vé mot bién thé cua bai toan Cay

Steiner, d6 1 bai toan Cay Steiner thang goc trén do thi ludi.
- M6 hinh 5: Bai todn két néi nhém

Cho mét d6 thi vo huéng G = (V(G), E(G)) va tap cac dinh Ty, Ta, ..., Ta < V.

Bai toan yéu cau tim mot do thi con G’ cua G thoa mén hai diéu kién sau:

- M3di tap con Ti, i = 1..n phai ¢ it nhat mot diém trong G.

- D6 dai cua dd thi G’ phai duoc cuc tiéu.
- M6 hinh 6: Bai todn Steiner nhiéu pha

Hoi khac so véi bai toan két ndi nhom, bai toan Steiner nhiéu pha yéu cau phai

chia duoc tat ca cac tap dinh Ty, T, ..., Th.
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Cho mot do thi G = (V(G), E(G)) va tap cac dinh Ty, T2, ...., Ta = V. Goi Sy, Sz,
..., Sn 12 cac db thi con lién thong ctia T1, T2, ...., Tn. Bai toan dit ra yéu cau tim mot

d6 thi co gia tri cuc tiéu va chua tat ca cac do thi lién thong.
- M6 hinh 7: Bai todn mang Steiner nhiéu pha

Cho mét db thi G = (V(G), E(G)), va céc tap con cua V: X1, Y1, X2, Yz, ....., Xn,
Yo VG XiNYi= &

Bai toan yéu cau tim mot do thi con G cua G théa man hai diéu kién:

- V6i mdi i = 1..n, G’ chira mot Cay Steiner Si cua Xi.

- Cac diém Steiner cua Si chi duoc lay tir ;.
- M6 hinh 8: Bai todan phat sinh loai

Sy phat sinh loai dwgc biéu dién bang mot cay tién hoa. Nghién ctru xay dung cay
phat sinh loai la mét trong nhitng bai toan tinh toan co ban trong sinh hoc. Ta quan tam
& day t6i su phan loai duoc mo ta bai cac tinh trang ma chiing thé hién ra tir tap cac dic
tinh. Dir liéu trén dwoc mé ta dudi dang bang nhi phan, phan tir (i, j) nhan gié tri 0 hoidc
1 twong rng Vvai loai i khong co tinh trang j hodc co tinh trang j. Su khac biét gitra hai

loai duge do bang khoang cach Hamming giita hai vector tinh trang.

Bai toan dat ra 1a xay dung mot cay tién hoa sao cho su khac biét gitra cac loai
dat gia tri nho nhat chinh 1 giai bai toan Cay Steiner nho nhat. Cac diém két thuc 1a
cac vector tinh trang cua loai, cdc nat trung gian ban than cling 1a cac vector nhi
phan, chung nim trén canh ndi tir géc dén 1a. Trong sé cua cac canh do bing

khoang cach Hamming.

15. LUACHON DU LIEU THUC NGHIEM

Dé danh gia so sanh cac thuat toan dugc phat trién boi lun an véi cac thuét
toan khac, can phai lya chon cac bo dir liéu tiéu chuan da dwoc st dung va cong

nhan rong rai trong cong dong nghién ciu.
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Hau hét cac do thi gap trong thuc té tng dung 1a cac d6 thi thua (hé thng
mang mdy tinh, hé théng mang truyén thong, hé thong mang dudng giao thong, hé
théng mang dién, mang duong dng cung cip nudc, hé théng mang thay loi,...). Vi
vay, luan an st dung 78 b dit lidu 1a cac do thi thua trong hé thdng dir liéu thuc
nghiém chuan ding cho bai toan CAy Steiner tai dia chi URL:

http://people.brunel.ac.uk/~mastjjb/jeb/orlib/steininfo.html [40]; cac dd thi nay co

t6i da 2500 dinh (cac bo dir liéu chuan nay dugc trinh bay chi tiét trong Phu luc 1,

phia sau).

Do céch tiép can bai toan SMT bang cac thuat toan heuristic c6 wu diém hon
cach tiép can bang cac thut toan metaheuristic ddi véi cac do thi co kich thudc 16n,
it nhat ciing vé mat thoi gian tinh; nén luan an dé xuat thém 80 bo dit liéu 1a cac dd
thi thua kich thuéc 16n 1én dén 100000 dinh va dit tén 1a: steinf, steing, steinh,
steini (cac bd dir liéu mo rong kich thudc 16n duge trinh bay chi tiét trong Phu luc
2, phia sau).

Céc db thi thua kich thudc 16n duoc sinh trudc hét tir mot cdy khung ngau
nhién di qua tit ca n dinh cua d6 thi; sau d6 sinh ngau nhién thém mot s6 canh dén
khi d6 thi c6 di m canh; trong s cac canh ciing duoc sinh ngau nhién.

Trong luan an, toan bd hé théng dir liéu thuc nghiém chuan va mo rong duoc

dé cap va str dung trong Chuong 2 va Chuong 3.

1.6. KET LUAN CHUONG 1

Trén co sé tim hiéu tong quan vé cic van dé nghién ctru, Chuong 1 cua luin
an da dat duoc mot sé két qua nhu sau:

- Nghién ctru tong quan vé bai toan Cay Steiner nho nhat va cac van dé lién quan.

- Tim hiéu hudéng tiép can bang cac thuat toan heuristic, metaheuristic giai bai
toan Cay Steiner nho nhat; hé théng dit liéu thuc nghiém chuan cho bai toan Cay
Steiner nho nhit va dé xuit thém cac bo dir liéu mé rong 1a cac do thi thua co kich

thudc lon.


http://people.brunel.ac.uk/~mastjjb/jeb/orlib/steininfo.html
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- Khao sat danh gia mot sé thuat toan tiéu biéu giai bai toan Cay Steiner nhod
nhat. Qua d6 cho thy, huéng tiép can giai gin dung bai toan Cdy Steiner nho nhat
dat hiéu qua kha quan 13 cac thuét toan metaheuristic; dinh huéng tng dung két qua
nghién ctru bai toan Cay Steiner nho nhit cho viéc thiét ké hé théng mang.

- Tur két qua Chuong 1, luan 4n dit ra hai van dé& can giai quyét trong cac
chuong tiép theo.

- Vidn dé 1: Dé xuat phat trién mai, cai tién thuat toan heuristic giai bai toan
Cay Steiner nho nhat trong truong hop do thi thua va d6 thi thua kich thudc 16n
(trinh bay trong Chuong 2).

- Vin dé 2: Pé xuat phat trién thuat toan metaheuristic giai bai toan Cay

Steiner nho nhat trong trudng hop do thi thua (trinh bay trong Chirong 3).
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Chuong 2. PE XUAT THUAT TOAN HEURISTIC GIAI BAI
TOAN CAY STEINER NHO NHAT

Churong 2 nghién ciru dé xudt hai thudt todn heuristic méi gidgi bai todn Cdy
Steiner nhé nhdt gom: Thudt todn SPT-Steiner (duwa trén y twong bdi todn tim cdy
dwong di ngdn nhdt) va thudt todn PD-Steiner (diea trén y twong két hop tim cay
khung nhé nhdt véi tim dwong di ngan nhat); dong thoi dé xuat hai thudt todn
heuristic cdi tién: i-SPT-Steiner va i-PD-Steiner (dwa trén y twong thay thé thudt
todn Dijkstra bang thudt todn Dial — mét bién thé cua thudt todn Dijkstra trong viéc
tim dwong di ngdn nhat) dé giai bai todn Cay Steiner nhé nhdt trong trieong hop do
thi thwa kich thwéc lon. Chwong nay dwoc tong hop tir cac céng trinh [CTS] va

[CT6] trong danh muc cdac cong trinh nghién ciru Cua tdac gia.

2.1. GIOI THIEU HUONG TIEP CAN HEURISTIC GIAI BAI TOAN SMT

Trong cic hudng tiép can giai bai toan SMT thi cac thuat toan heuristic c6 uu
diém 1a cho chit luong 10i giai chip nhan duoc véi thoi gian chay nhanh hon so véi
cach tiép can theo hudng cac thuat toan metaheuristic. Pay 1a cach tiép can kha
quan nhat hién nay khi giai quyét bai toan SMT trong trudong hop d6 thi cé kich

thudc lon.

Mot s6 thuat toan heuristic dién hinh giai bai toan SMT nhu: Thuit toan
Distance network heuristic cia Kou, Markowsky va Berman; thudt toan MST-

Steiner cia Bang Ye Wu va Kun-Mao Chao,...

Tiép theo trong chuwong nay, luan an dé xuit hai thuat toan heuristic méi dua
trén y twdng cua thuat toan tim duong di ngan nhat va tim cdy khung nho nhat dé
giai bai toan SMT. Pong thoi, luan 4n ciing dé& xuat hai heuristic cai tién giai bai
toan SMT trong truong hop d6 thi thua kich thudc 16n 1én dén 100000 dinh. Cac
thuat toan heuristic d& xuat moi va cai tién duoc cai dit thuc nghiém va so sanh

hiéu qua vai thuat toan heuristic tbt hién biét MST-Steiner [14].
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THUAT TOAN MST-STEINER

Thuat toan MST-Steiner dugc nhom tac gia Bang Ye Wu va Kun-Mao Chao

trinh bay chi tiét trong cong trinh [14].

Trong muc nay, ludn an trinh bay lai thuat toan heuristic MST-Steiner cua

Bang Ye Wu va Kun-Mao Chao. Thuit toan nay co dit liéu dau vao 1a dd thi
G = (V(G), E(Q)), tap dinh terminal L S V(G); va dit liéu dau ra 1a chi phi cua Cay
Steiner T.

[14].

Algorithm 2.1: MST-Steiner

Input: D6 thi G = (V(G), E(G)), tap dinh terminal L S V(G);

Output: Cay Steiner nho nhat T;

1. Xay dung do6 thi day du G, cla tap terminal L; trong dé
trong s6 cla cac canh 13 chiéu dai cla dudng di ngan nhat
néi hai dau mit cla canh do;

2. Tim mdt cady khung nhd nhadt T. cia G, (chang han s& dung
thuat todn Kruskal hoac Prim);

3. T =;

4. for (véi méi canh e = (u, v) € E(T.)) do

5. Tim mdét dudong di ngan nhadt P tir dinh u dén dinh v trén
dd thi G;

6. if P chira it hon hai dinh trong T then

7. Chén P vao T;

8. else

9. Cho pi va p;j la dinh dau, dinh cuéi da cé trong T; chén

dudng di tU u dén p; va tu p; dén v vao T;
10. end for

11. return T;

Danh gia thuat toan MST-Steiner ¢6 do phuc tap thoi gian tinh la: O(n|L|?)
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2.3. THUAT TOAN SPT-STEINER

Tiép theo, luan 4n trinh bay mot sb khai niém lién quan dén bai toan ciy

duong di ngan nhat (Shortest Path Tree - SPT) va dé xuat thuat toan heuristic giai

bai toan SMT dura trén ¥ tudng tim cay duong di ngin nhat va dit tén cho thuat toan

nay la SPT-Steiner.

Pinh nghia 2.1. Cay dudng di ngan nhat

Cho db thi G, cay duong di ngan nhat co gdc tai dinh s 1a cay khung cua G voi

tap canh 13 cac canh trén cac duong di ngan nhat xuat phat tir dinh s dén cac dinh

con lai cua G [14].

Cay duodng di ngan nhit c6 gbc tai dinh s cua d6 thi G c6 thé tim duoc nhd ap

dung thuat toan Dijkstra dé tim duong di ngan nhat tir dinh s dén tat ca cac dinh con lai.

Algorithm 2.2: SPT-Steiner (Shortest Path Tree-Steiner)

Input: D6 thi G = (V(G), E(G)), tap dinh terminal L € V(G);

Output: Cay Steiner nhd nhat T;

1.

Tim cac cdy dudng di ngan nhat xudt phat tai cac dinh

thudéc tap V(G): SPTi, SPTy, .., SPT,

. for (T € {SPT:, SPT., .., SPT,}) do

. Véi mbéi dinh treo u € T, néu u ¢ L thi xdéa canh chita

dinh u khoi E(T), xbéa dinh u trong V(T) va cap nhat bac

cua dinh ké véi dinh u trong T.

. L3p lai budc 3 dén khi T khdng con thay déi (budc nay

goi 1la budc xdéa cac canh du thlra); sau budc nay thu dugc

cac SPTi» tuong tng véi cac SPT;.

. end for

. Tim mdét cdy SPTi- c6 téng trong sé cac canh nhdé nhat 13

SPTmin_;

. return SPTpin;
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Panh gia d6 phuc tap thoi gian tinh cho thuat toan SPT-Steiner

Do thuat toan Dijkstra sir dung cau trtc dit liéu heap c6 d6 phic tap thoi gian
tinh 1a O(mlog n) nén budec 1 c6 @6 phuc tap O(mnlog n); bude 2 cd6 @6 phuc tap
O(n?); budc 3 c¢6 do phirc tap O(n). Vay thuat toan SPT-Steiner c6 do phuc tap thoi
gian tinh la: O(mnlog n).

Vi du 2.1: Minh hoa tirng budc thuc hién thuat toan SPT-Steiner

Cho db thi G c6 10 dinh va 15 canh nhu Hinh 2.1; trong d6 tap L = {1, 5, 6}.

8 2
1 4 o
Hinh 2.1. D6 thi v6 huéng lién théng c6 trong s6 G

Theo dinh nghia 2.1 va thuat toan SPT-Steiner, ta xay dung cac cay duong di
ngin nhat c6 gbc tai cac dinh 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. Sau khi x0a cac canh du
thira, ta c6 cac Cay Steiner c6 chi phi lan luot 1a: 13, 13, 13, 13, 14, 15, 19, 13, 14,
15.

Dé ngan gon, luan an chi minh hoa viéc xdy dung cac Cay Steiner véi goc
Xuit phat thudc tap terminal L.

Ta xét Hinh 2.1, ddu tién ta tim cAy duong di ngan nhét co gdc tai dinh 1; ta
thu duoc cay duong di ngan nhat nhu Hinh 2.2; tiép theo ta loai bo cac canh du thira
2, 7), (5,9), (3, 10). Két qua thu dugc Cay Steiner nhu Hinh 2.3 véi chi phi 1a 13.
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Hinh 2.3. Cay Steiner sau khi da x6a canh du thura

Tuong tu, tir Hinh 2.1 ta tim cay dudng di ngan nhat c6 gdc tai dinh 5; ta thu
dugc cay duong di ngin nhat nhu Hinh 2.4; tiép theo ta loai bo cac canh du thira
(3, 7), (5, 9), (5, 10), (3, 4). Két qua thu dugc Cay Steiner nhu Hinh 2.5 véi chi phi
la 14.
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7 9)
4 AN
4 B
2 3 9
1 2 2
8 10

Hinh 2.4. Cay duong di ngan nhat c¢6 gbc tai dinh 5

Hinh 2.5. Cay Steiner sau khi da xda canh du thtra
Tuong tu, tir Hinh 2.1 ta tim cAy duong di ngan nhat co gc tai dinh 6; ta thu
dugc cay duong di ngan nhat & Hinh 2.6; tiép theo ta loai bo cac canh du thira (3,7),
(5,9), (5, 10). Két qua thu duoc Cay Steiner nhu Hinh 2.7 véi chi phi 1a 15.
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7 9 )
4 A
2 3 9
1 2 2
8 10

o o2 O

Hinh 2.6. Cay duong di ngan nhit c¢6 gbc tai dinh 6

2
(1) A (6

Hinh 2.7. Cay Steiner sau khi da x6a canh du thtra

Va theo thuat todn SPT-Steiner trén, Cay Steiner két qua tim dugc co chi phi la

13, nhu Hinh 2.3.
2.4. THUAT TOAN PD-STEINER

Muc nay, luin 4n trinh bay dé& xuat thuat toan heuristic dé giai bai toan SMT
dua trén ¥ twong tim cdy khung nho nhat két hop véi tim duong di ngan nhét va dat

tén cho thuat toan nay la PD-Steiner.
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Algorithm 2.3: PD-Steiner (Prim + Dijkstra-Steiner)

Input: D6 thi G = (V(G), E(G)), tap dinh terminal L S V(G);
Output: Cay Steiner nho nhat T;

1. Tim cac dudng di ngan nhat tir cac dinh thudc tdp L dén cac
dinh thudc tap V;

2. Chon mot dinh u e L; dat T = {u};
3. while (T chuwa chira tat ca cac dinh thudc tap L) do

4. T méi dinh v € L va v chua thudéc T, tim cdc dudng di ngan

nhat tir dinh v dén cadc dinh z ¢ T;
5. Chon ra mot dudng di ngan nhat P;
6. K&t nap cac dinh va cac canh trén duong di P vao cay T;
7. end while

8. return T;

Panh gia do phuc tap thoi gian tinh cho thuét toan PD-Steiner

Budc 1 c6 @6 phac tap O(|L|mlog n); budce 2 cd6 @6 phic tap O(1); vong lap &
budce 3 c6 do phirc tap O(|L|n?). Vay thuat toan PD-Steiner c6 do phuc tap thoi gian
tinh 1a: O(|L|n?).

Vi du 2.2: Minh hoa tirng budc thuc hién thuat toan PD-Steiner

Ta xét Hinh 2.1, khoang cach ngan nhat tir cac dinh thugc tap L = {1, 5, 6} dén
cac dinh thuoc tap V(G) lan luot 1a:

Pau tién chon T = {1}, dudng di ngan nhat tir dinh 5 dén dinh 1 nhu Hinh 2.8;
tiép theo tir viéc tim duong di ngan nhat tir dinh 6 dén cac dinh 1, 2, 3, 5, 8 va ta
chon dudng di ngan nhit tir dinh 6 dén dinh 3; két qua thu dugc Cay Steiner nhu
Hinh 2.9 véi chi phi 1a 13.
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Hinh 2.8. Puong di ngan nhét tir dinh 5 dén dinh 1

2
1 ) 0o
Hinh 2.9. Puong di ngan nhét tir dinh 6 dén dinh 3

Va theo thuat toan PD-Steiner trén, Cay Steiner két qua tim duoc c6 chi phi 13

13, nhu Hinh 2.9.
2.5. THUC NGHIEM VA PANH GIA

Trong phan nay, luan an mé ta chi tiét viéc thuc nghiém cac thuat toan MST-
Steiner [14], SPT-Steiner va PD-Steiner; dong thoi dwa ra mot sé danh gia vé két
qua dat duoc. Hé théng dir liéu thuc nghiém cho cac thuat toan da dugc dé cap

trong Chuong 1, luan an st dung 78 bo dit lidu 1a cac d6 thi thua trong hé thdng dir
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licu thuc nghiém chuan dung cho bai toan cdy Steiner tai dia chi URL
http://people.brunel.ac.uk/~mastjjb/jeb/orlib/steininfo.html [40]; trong d6: Nhom
steinb c¢6 18 d thi, nhom steinc c6 20 do thi, nhom steind c6 20 do thi, nhom steine
¢6 20 db thi (cac d6 thi nay c6 tdi da 2500 dinh). Ngoai ra, thuc nghiém dé xuit st
dung thém 20 b dir liéu 1a cac d6 thi nhom steinf, day 1a cac d6 thi thua kich thudc
I6n 10000 dinh. Tong cong hé thong dit liéu thuc nghiém cho cac thuit toan nay la
98 bo dit liéu.

2.5.1. Méi trwong thuc nghiém

Céc thuat toan dé xuat duoc cai dat bang ngon ngit C++, sir dung mdi trudng
DEV C++ 5.9.2; duoc thyc nghiém trén mot may cha 40, Hé didu hanh Windows
server 2008 R2 Enterprise, 64bit, Intel(R) Xeon (R) CPU E5-2660 0 @ 2.20 GHz,
RAM 4GB.

2.5.2. Két qua thuc nghiém

Két qua thuc nghiém cac thuat toan duoc ghi nhan ¢ Bang 2.1, 2.2, 2.3, 2.4,
2.5. Cac bang c¢o ciu trac nhu sau: Cot dau tién (Test) 14 tén cac bo dir liéu trong hé
théng dir liéu thuc nghiém; sb dinh (n), s6 canh (m) va sé dinh thudc tap terminal
(IL]) cua timg d6 thi; cac cot tiép theo ghi nhan gia trj chi phi Cdy Steiner trong tng
véi ting thuat toan: MST-Steiner [14], SPT-Steiner va PD-Steiner.
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Bang 2.1. Két qua thuc nghiém thuat toan trén nhom db thi steinb

Test n m L] MST-Steiner | SPT-Steiner | PD-Steiner
steinbl.txt 50 63 9 82 82 82
steinb2.txt 50 63 13 90 84 84
steinb3.txt 50 63 25 140 147 138
steinb4.txt 50 100 9 64 59 62
steinb5.txt 50 100 13 64 62 61
steinb6.txt 50 100 25 128 134 126
steinb7.txt 75 94 13 111 111 111
steinb8.txt 75 94 19 104 113 104
steinb9.txt 75 94 38 222 222 220
steinb10.txt | 75 150 13 98 90 90
steinbll.txt | 75 150 19 91 93 90
steinbl2.txt | 75 150 38 174 192 174
steinb13.txt | 100 | 125 17 175 172 175
steinbl4.txt | 100 | 125 25 237 253 235
steinb15.txt | 100 | 125 50 323 335 318
steinb16.txt | 100 | 200 17 137 138 133
steinb17.txt | 100 | 200 25 134 139 132
steinb18.txt | 100 | 200 50 222 250 222
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Bang 2.2. Két qua thuc nghiém thuat toan trén nhom db thi steinc

Test n m IL| | MST-Steiner | SPT-Steiner | PD-Steiner
steincl.txt 500 625 5 88 86 85
steinc2.txt 500 625 10 144 158 144
steinc3.txt 500 625 83 779 843 762
steinc4.txt 500 | 625 | 125 1114 1193 1085
steinc5.txt 500 | 625 | 250 1599 1706 1583
steincé.txt 500 | 1000 5 60 56 55
steinc7.txt 500 | 1000 | 10 115 103 102
steinc8.txt 500 | 1000 | 83 531 597 516
steinc9.txt 500 | 1000 | 125 728 865 718
steinc10.txt | 500 1000 | 250 1117 1327 1107
steincll.txt | 500 | 2500 5 37 32 34
steincl2.txt | 500 | 2500 | 10 49 46 48
steincl3.txt | 500 | 2500 | 83 274 322 268
steincl4.txt | 500 | 2500 | 125 337 417 332
steincl5.txt | 500 | 2500 | 250 571 703 562
steincl6.txt | 500 | 12500 | 5 13 12 12
steincl7.txt | 500 | 12500 | 10 19 19 20
steinc18.txt | 500 | 12500 | 83 125 146 123
steinc19.txt | 500 | 12500 | 125 158 195 159
steinc20.txt | 500 | 12500 | 250 269 339 268
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Bang 2.3. Két qua thuc nghiém thuat toan trén nhom db thi steind

Test n m IL| MST-Steiner | SPT-Steiner | PD-Steiner
steind1.txt 1000 | 1250 5 107 107 107
steind2.txt 1000 | 1250 10 237 228 232
steind3.txt 1000 | 1250 | 167 1636 1771 1593
steind4.txt 1000 | 1250 | 250 2012 2174 1957
steind5.txt 1000 | 1250 | 500 3310 3511 3270
steind6.txt 1000 | 2000 5 74 70 75
steind7.txt 1000 | 2000 10 105 111 103
steind8.txt 1000 | 2000 | 167 1138 1287 1104
steind9.txt 1000 | 2000 | 250 1540 1773 1500
steind10.txt | 1000 | 2000 | 500 2163 2550 2141
steind11.txt | 1000 | 5000 5 31 29 31
steind12.txt | 1000 | 5000 10 43 44 42
steind13.txt | 1000 | 5000 | 167 531 643 518
steind14.txt | 1000 | 5000 | 250 702 851 691
steind15.txt | 1000 | 5000 | 500 1151 1437 1134
steind16.txt | 1000 | 25000 5 15 13 14
steind17.txt | 1000 | 25000 | 10 25 25 23
steind18.txt | 1000 | 25000 | 167 251 301 246
steind19.txt | 1000 | 25000 | 250 344 424 334
steind20.txt | 1000 | 25000 | 500 544 691 542
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Bang 2.4. Két qua thuc nghiém thuat toan trén nhom db thi steine

Test n m IL| MST-Steiner | SPT-Steiner | PD-Steiner
steinel.txt | 2500 | 3125 5 125 111 115
steine2.txt | 2500 | 3125 10 244 214 227
steine3.txt | 2500 | 3125 417 4232 4570 4118
steined.txt | 2500 | 3125 625 5316 5675 5201
steineb.txt | 2500 | 3125 | 1250 8313 8976 8226
steine6.txt | 2500 | 5000 5 86 73 78
steine7.txt | 2500 | 5000 10 165 150 159
steine8.txt | 2500 | 5000 417 2809 3254 2726
steine9.txt | 2500 | 5000 625 3809 4474 3727
steinel10.txt | 2500 | 5000 | 1250 5745 6847 5673
steinell.txt | 2500 | 12500 5 39 34 38
steinel2.txt | 2500 | 12500 10 73 68 69
steinel3.txt | 2500 | 12500 | 417 1370 1704 1332
steinel4.txt | 2500 | 12500 | 625 1814 2304 1778
steinel5.txt | 2500 | 12500 | 1250 2856 3626 2819
steinel6.txt | 2500 | 62500 5 17 15 15
steinel7.txt | 2500 | 62500 10 27 27 26
steinel8.txt | 2500 | 62500 | 417 646 804 639
steinel9.txt | 2500 | 62500 | 625 809 1059 806
steine20.txt | 2500 | 62500 | 1250 1358 1753 1357
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Bang 2.5. Két qua thuc nghiém thuat toan trén nhom db thi steinf

Test n m IL| | MST-Steiner | SPT-Steiner | PD-Steiner
steinfl.txt | 10000 | 93750 | 10 62 58 59
steinf2.txt | 10000 | 93750 | 20 107 109 105
steinf3.txt | 10000 | 93750 | 834 2292 2912 2214
steinf4.txt | 10000 | 93750 | 1250 3022 3865 2921
steinf5.txt | 10000 | 93750 | 2500 4979 6481 4841
steinf6.txt | 10000 | 125000 | 10 54 50 50
steinf7.txt | 10000 | 125000 | 20 92 94 86
steinf8.txt | 10000 | 125000 | 834 1993 2499 1907
steinf9.txt | 10000 | 125000 | 1250 2729 3500 2624
steinf10.txt | 10000 | 125000 | 2500 4328 5641 4228
steinfll.txt | 10000 | 156250 | 10 37 38 37
steinf12.txt | 10000 | 156250 | 20 82 84 76
steinf13.txt | 10000 | 156250 | 834 1816 2313 1717
steinfl4.txt | 10000 | 156250 | 1250 2429 3118 2339
steinf15.txt | 10000 | 156250 | 2500 3962 5124 3888
steinf16.txt | 10000 | 187500 | 10 39 38 38
steinfl7.txt | 10000 | 187500 | 20 79 75 75
steinf18.txt | 10000 | 187500 | 834 1660 2140 1587
steinf19.txt | 10000 | 187500 | 1250 2227 2909 2161
steinf20.txt | 10000 | 187500 | 2500 3709 4808 3612
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2.5.3. Panh gia két qua thuc nghiém

- Chat lwong 141 gidi

Phan nay nham so sanh chat luong loi giai cua cac thuat toan SPT-Steiner,
PD-Steiner véi thuat toan MST-Steiner. Két qua so sanh duoc ghi nhan & Bang 2.6;
Bang nay duogc tong hop tir cac Bang 2.1, 2.2, 2.3, 2.4, 2.5. Noi dung cua Bang 2.6
cho biét s6 luong (SL) va phan tram (%: ty Ié phan tram tot hon, bang hodc kém
hon trén tong sé bé dir liéu) twong tng véi sé bo dix lidu cho chat luong 10i giai tot
hon (ghi nhén béi ky hiéu "' <") hoic cho chat lugng 10i giai bang nhau (ghi nhdn bgi
ky hiéu "=") hoic cho chat luong 15i giai kém hon (ghi nhan bdi ky hiéu ">") khi so
sanh mdi thuat toan SPT-Steiner va PD-Steiner voi thuat toan MST-Steiner [14].

Bang 2.6. So sanh chét luong 10 giai cac thuét toan SPT-Steiner va PD-Steiner voi
thuat toan MST-Steiner

SPT <MST | SPT=MST | SPT>MST | PD<MST | PD=MST | PD > MST

Nhém
dothi | sL | % |SL| % | SL | % |SL| % |SL| % |SL| %
steinb 5| 27.8| 3| 167| 10| 556 12| 66.7| 6| 333| 0| 00
steinc 6| 300 1| 50| 13|650| 17| 80| 1| 50| 2| 100
steind 4| 200| 2| 100| 14| 700| 17| 80| 2| 00| 1| 50
steine 7| 350 1| 50| 12| 600| 20]1000| 0| 00| 0| 00
steinf 4| 200 o| 00| 16| 800| 19| 950 1| 50| 0| 00

Téngcong: | 26| 265| 7| 71| 65| 663| 85| 86.7| 10| 102| 3| 31

Véi 18 bo di liéu nhom steinb; thuat toan SPT-Steiner cho chat lugng 1oi giai
t6t hon, bang, kém hon thuat toan MST-Steiner lan luot 13: (27.8%, 16.7%, 55.6%);
thut toan PD-Steiner cho chit lwong 1oi giai tot hon, bang, kém hon thuat toan MST-
Steiner lan luot 13: (66.7%, 33.3%, 0.0%). Két qua so sanh cac thuat toan SPT-Steiner
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va PD-Steiner véi thuat toan MST-Steiner trén mdi nhoém dit liéu steinc, steind,

steine, steinf con lai ciing dugc thé hién chi tiét & Bang 2.6.

Pénh gia chung trén toan bd 98 bo dit liéu, thuat toan SPT-Steiner cho chat
lwong 161 giai tét hon, bang, kém hon so véi thuat toan MST-Steiner lan luot 1a:
(26.5%, 7.1%, 66.3%) s6 bo dir liéu; va thuat toan PD-Steiner cho chat lugng 1oi
giai tot hon, bang, kém hon thuat toan MST-Steiner lan luot 13: (86.7%, 10.2%,
3.1%) s bo dix liéu.

Két qua so sanh giita thuat toan SPT-Steiner va PD-Steiner véi thuat toan

MST-Steiner trén tong sé 98 bo dit liéu dugc minh hoa bang biéu ¢4 nhu Hinh 2.10.

So sanh giita cac thuat toan trén 98 bo dit liéu

100.0%
90.0%
80.0%
70.0%
60.0% 66.3%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

7.1%
S

PD-Steiner so sanh véi MST-Steiner SPT-Steiner so sanh v&i MST-Steiner

3.1%

ETéthon mBing mKém hon

Hinh 2.10. So sanh gitra cac thuat toan trén 98 bo dir liéu

- Thoi gian chay cua cdc thudt toan MST-Steiner, SPT-Steiner va PD-

Steiner

Tiép theo 1a ghi nhan thoi gian chay trung binh cua ba thuat toan MST-Steiner,
SPT-Steiner va PD-Steiner qua cac test co s6 thu tu 13, 14, 15 cia moi nhom dix

liéu (vi cac test nay co cung so dinh va so canh).

Thaoi gian chay ngoai viéc phu thudc vao do phitrc tap thoi gian tinh cua thuat
toan; con phu thudc vao mdi truong thuc nghiém. .. Tuy nhién, ghi nhan vé thoi gian
chay cac thuét toan dugc liét ké & Bang 2.7 cung cip thém thong tin tham khao sau

sat hon vé ba thuat toan nay.
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Bang 2.7. Thoi gian tinh trung binh ctia cac thuét toan theo mdi nhém dir ligu

Nhém do thi | MST-Steiner | SPT-Steiner | PD-Steiner
steinb 0.001 0.003 0.001
steinc 0.032 0.298 0.023
steind 0.136 1.752 0.139
steine 0.939 23.334 1.402
steinf 19.594 1241.592 23.393

Ghi chii: Thoi gian chay trung binh cua thudt todn trén mét nhém do thi bang trung
binh cong thoi gian chay cua cdc testcase trong nhém do thi dé va dwge tinh bang

don vi giay (s).

2.6. CAl TIEN THUAT TOAN HEURISTIC GIAI BAI TOAN SMT
TRONG TRUONG HQP PO THI THUA KiCH THUGC LON

Trong phan nay, luan an d& xuét cai tién hai thuat toan heuristic PD-Steiner
va SPT-Steiner dua trén sy két hop y tudng cia bai toan tim duong di ngan nhat va
tim cdy khung nhé nhat ciia d6 thi, déng thoi str dung thuat toan Dial [59] (m6t bién
thé cua thuat toan Dijkstra, duoc khuyén khich dung trong truong hop dd thi co
trong s6 canh nho) thay cho thuat toan Dijkstra trong tim dudng di ngan nhat, dé
giai bai toan SMT trong trudng hop d6 thi thua kich thudc 16n va dat tén cho hai

thuat toan nay la: i-PD-Steiner va i-SPT-Steiner (i: improving).

Hai thuat toan heuristic cai tién nay dwoc cai dit thuc nghiém trén hé théng
dir liéu mo rong gdm 80 d6 thi thwa kich thudc I6n 1én dén 100000 dinh; ddng thoi
phan tich, danh gia va so sanh chét lugng loi giai cia thuat toan i-PD-Steiner va i-
SPT-Steiner véi thuat toan MST-Steiner [14]. Van dé nay cang cd ¥ nghia xét vé gbc

d6 bai toan thyec thi, khi ap dung bai toan Cay Steiner vao van dé thuc té.
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2.6.1. Thuét toan i-SPT-Steiner

Muc ndy, trinh bay thuat toan heuristic cai tién i-SPT-Steiner giai bai toan
SMT trong trudng hop d6 thi thua kich thuéc 16n.

Cay duong di ngan nhit co gbc tai dinh s cia do thi G c6 thé tim duoc nho
ap dung thuat toan Dial [59] dé tim dudng di ngan nhat tir dinh s dén tat ca cac dinh
con lai. Do phuc tap cua thuat toan Dial 1a O(m + nC) [59] véi C 1a gia tri trong sé

Ién nht caa dd thi.

Algorithm 2.4: i-SPT-Steiner (i-Shortest Path Tree-Steiner)

Input: D6 thi G = (V(G), E(G)), tap dinh terminal L € V(G);
Output: Cay Steiner nho nhat T;
1. SU dung Thuat toan Dial tim cdc cay dudong di ngan nhat xuat
phat tai cac dinh thubc tap terminal L: SPTi, SPT., .., SPT,

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

3. V&i méi dinh treo u € T, néu u ¢ L thi xéa canh chuta
dinh u khoi E(T), xd6a dinh u trong V(T) va cap nhat bac
cua dinh ké véi dinh u trong T.

4. Lap lai budc 3 dén khi T khéng con thay déi (budc nay goi
la budc xdéa cac canh duv thwra); sau budc nay, thu dugc cac
cay SPTi» tuong ng vOi cac cay SPT;.

5. end for

6. Tim mdt cdy SPT:i- c6 téng trong sé cac canh nhd nhdt 13 SPTwin;

7. return SPTuin;

D¢ phuc tap thoi gian tinh cua thudt toan i-SPT-Steiner

Do thuét toan Dial str dung ciu trac dit liéu hang doi wu tién c6 do phic tap

thoi gian tinh 1a O(m + nC) [59] nén budc 1 c6 do phirc tap O(JL|(m + nC)); budc 2
c6 do phtrc tap O(n|L|); bude 3 co6 dd phuc tap O(n). Vay, thuat toan i-SPT-Steiner
c6 d6 phuc tap thoi gian tinh 1a: O(JL|(m + nC)).
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2.6.2. Thuit toan i-PD-Steiner

Muc nay, trinh bay thuat toan heuristic cai tién i-PD-Steiner giai bai toan

SMT trong trudng hop d6 thi thua kich thuéc 16n.

Algorithm 2.5: i-PD-Steiner (i-Prim+Dijkstra-Steiner)

Input: D6 thi G = (V(G), E(G)), tap dinh terminal L € V(G);
Output: Cay Steiner nhd nhat T;

1. Chon mot dinh u e L, dat V(T) = {u};

2. for mdéi dinh v € L do

3. Tim cay duong di ngan nhat xudt phat tur dinh v;

(6 budc nay st dung Thuat toan Dial [59] dé tim cac cay
dudng di ngan nhat)

4. end for
5. while (T chuwa chira tat ca cac dinh thudc tap L) do

6. TU méi dinh v € L va v & V(T), Chon dudng di ngdn nhéat
P xuadt phat tu dinh v dén dinh z € V(T), véi z la dinh
két thic cua dudng di ngdn nhat trong tdt cd cac duong
di ngdn nhdt xudt phat tir v dén cac dinh cla V(T);

7. KEt nap cac dinh va cac canh trén duong di P vao cay T;
8. end while

9. return T;

D¢ phuc tap thoi gian tinh cua thudt toan i-PD-Steiner
Dong 1 ¢6 d¢ phuec tap 1a O(1).

Dong 3 sir dung thuat toan Dial dé tim duong di ngin nhét c6 do phuc tap 1a
O(m + nC). Vi vay, vong lap ¢ budce 2 c¢6 @6 phuc tap 1a O(|L|(m + nC)).
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Dong 6 ¢6 d6 phuc tap 1a O(|L||V(T)]), nén vong lap ¢ budc 5 ¢6 @6 phac tap
la O(ILI* [V(T)])-

Toém lai, thuat toan i-PD-Steiner c¢6 do phuc tap la: O(JLjmax(m + nC,

ILIIV(T)D)-
2.7. THUC NGHIEM VA PANH GIA
2.7.1. Dir liu thwc nghiém

Ludn 4n dé xuat chon 80 bo dir liéu 1a cac dd thi thua kich thudc 16n, trong
d6 co: 20 bo test 1a cac @6 thi thua kich thudc 16n 10000 dinh steinf; 20 bo test 1a
cac dd thi thua kich thuéc 16n 20000 dinh steing; 20 b test 1a cac do thi thua kich
thude 16n 50000 dinh steinh va 20 bd test 1a cac dd thi thua kich thude lén 100000

dinh steini. Cac d6 thi nay ciing nhu trong s6 canh dugc sinh ngau nhién.
2.7.2. Méi truong thuc nghiém

Cac thuat toan MST-Steiner, i-SPT-Steiner va i-PD-Steiner dugc cai dat bﬁng
ngoén nglt C++, sir dung moi truong Code::Blocks 17.12 va trinh bién dich GNU
GCC ver 9.3.0; duoc thuc nghiém trén mot may chi a0, Hé diéu hanh Ubuntu
20.04.1 LTS (Focal Fossa), 64bit, Intel(R) Xeon (R) CPU Platinum 8160 @ 2.8
GHz, Cache 33MB, RAM 64GB. Céc ciu tric dit liéu duoc sir dung trong cai dat

déu duoc chuyén sang céu tric dit liéu dong va tdi vu.
2.7.3. Két qua thuc nghiém

Két qua thuc nghiém cac thuat toan duoc ghi nhan ¢ Bang 2.8, Bang 2.9,
Bang 2.10 va Bang 2.11. Cac bang nay cd ciu triic nhu sau: Cot dau tién (Test) 1a
tén cac bo dir liéu trong hé théng dir lieu thuc nghiém; sé dinh (n), s canh (m) va
s6 dinh thuoc tap terminal (|L|) cua timg d6 thi; cac cot tiép theo ghi nhan gia tri chi

phi Cay Steiner twong trng vai tirng thuat toan.
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Bang 2.8. K&t qua thuc nghiém thuat toan trén nhom db thi steinf

Test n m IL| |MST-Steiner|i-SPT-Steiner | i-PD-Steiner
steinfl.txt | 10000 | 93750 | 10 58 49 51
steinf2.txt | 10000 | 93750 | 20 97 95 94
steinf3.txt | 10000 | 93750 | 83 2119 2551 2027
steinf4.txt | 10000 | 93750 | 1250 2801 3532 2691
steinf5.txt | 10000 | 93750 | 2500 4957 6567 4826
steinf6.txt | 10000 | 125000 | 10 40 40 39
steinf7.txt | 10000 | 125000 | 20 71 67 66
steinf8.txt | 10000 | 125000 | 834 1961 2399 1838
steinf9.txt | 10000 | 125000 | 1250 2576 3303 2444
steinf10.txt | 10000 | 125000 | 2500 4282 5823 4124
steinfll.txt | 10000 | 156250 | 10 35 35 35
steinf12.txt | 10000 | 156250 | 20 77 74 70
steinf13.txt | 10000 | 156250 | 834 1727 2199 1627
steinfl4.txt | 10000 | 156250 | 1250 2335 3049 2243
steinf15.txt | 10000 | 156250 | 2500 3933 5398 3797
steinf16.txt | 10000 | 187500 | 10 43 38 38
steinf17.txt | 10000 | 187500 | 20 75 69 66
steinf18.txt | 10000 | 187500 | 834 1597 2050 1513
steinf19.txt | 10000 | 187500 | 1250 2244 2910 2153
steinf20.txt | 10000 | 187500 | 2500 3764 5122 3624
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Dua vao Bang 2.8, danh gia két qua thuc nghiém thuat toan ddi véi 20 bo dir

liéu 1a cac do thi thudc nhom steinf; thuat toan i-PD-Steiner cho chat lugng 101 giai

t6t hon, tuong duong, kém hon thuat toan MST-Steiner twong tng 13: (95.0%, 5.0%,

0.0%) s bo dit liéu; thuat toan i-SPT-Steiner cho chét lwong 10i giai tét hon, twong
duong, kém hon thuat todan MST-Steiner tuong tng 1a: (30.0%, 10.0%, 60.0%) sé b

dit liéu; thuat toan i-PD-Steiner cho chat lwgng 1oi giai tét hon, trong duong, kém
hon thuat toan i-SPT-Steiner twong wng 1a: (85.0%, 10.0%, 5.0%) sb bo dix liéu.

Bang 2.9. Két qua thuc nghiém thuat toan trén nhom d6 thi steing

Test n m IL| |MST-Steiner| i-SPT-Steiner |i-PD-Steiner
steingl.txt | 20000 | 215000 | 15 79 75 75
steing2.txt | 20000 | 215000 | 25 110 102 105
steing3.txt | 20000 | 215000 | 950 2426 3081 2348
steing4.txt | 20000 | 215000 | 1750 4039 5085 3838
steing5.txt | 20000 | 215000 | 3780 7318 9689 7099
steing6.txt | 20000 | 275000 | 15 71 66 64
steing7.txt | 20000 | 275000 | 25 112 111 100
steing8.txt | 20000 | 275000 | 950 2245 2830 2129
steing9.txt | 20000 | 275000 | 1750 3643 4709 3489
steing10.txt | 20000 | 275000 | 3780 6511 8773 6319
steingl1.txt | 20000 | 385000 | 15 65 60 59
steing12.txt | 20000 | 385000 | 25 98 94 90
steing13.txt | 20000 | 385000 | 950 2041 2577 1919
steing14.txt | 20000 | 385000 | 1750 3211 4253 3081
steing15.txt | 20000 | 385000 | 3780 5788 7981 5641
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steingl6.txt | 20000 | 447500 | 15 61 55 54
steingl7.txt | 20000 | 447500 | 25 95 93 87
steing18.txt | 20000 | 447500 | 950 1954 2485 1845
steing19.txt | 20000 | 447500 | 1750 3079 4063 2970
steing20.txt | 20000 | 447500 | 3780 5534 7647 5380

Dua vao Bang 2.9, danh gia két qua thuc nghiém thuat toan ddi véi 20 bo dir
lidu 1a cac @6 thi thuoc nhom steing; thuat toan i-PD-Steiner cho chat luong 1oi giai
tdt hon, twong duong, kém hon thuat toan MST-Steiner tuong tng la: (100%, 0%,
0%) s6 bo dir lidu; thuat toan i-SPT-Steiner cho chat luong 10 giai tét hon, twong
duong, kém hon thuat todan MST-Steiner tuwong tng 1a: (40%, 0%, 60%) sb bo dir
liéu; thuat toan i-PD-Steiner cho chat luong 10i giai tot hon, trong duwong, kém hon

thuat toan i-SPT-Steiner twong tmg 1a: (90%, 5%, 5%) s6 bo dir ligu.

Bang 2.10. Két qua thuc nghiém thuat toan trén nhom db thi steinh

Test n m L] MST-Steiner | i-SPT-Steiner | i-PD-Steiner
steinhl.txt | 50000 | 425000 | 15 76 71 71
steinh2.txt | 50000 | 425000 | 25 129 116 118
steinh3.txt | 50000 | 425000 | 950 2707 3296 2587
steinh4.txt | 50000 | 425000 | 1750 4344 5466 4125
steinh5.txt | 50000 | 425000 | 3780 7947 10348 7563
steinh6.txt | 50000 | 475000 | 15 71 70 66
steinh7.txt | 50000 | 475000 | 25 99 105 96
steinh8.txt | 50000 | 475000 | 950 2531 3129 2402
steinh9.txt | 50000 | 475000 | 1750 4198 5299 3951
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steinh10.txt | 50000 | 475000 | 3780 7718 10099 7336
steinh11.txt | 50000 | 528000 | 15 80 72 74
steinh12.txt | 50000 | 528000 | 25 112 110 106
steinh13.txt | 50000 | 528000 | 950 2498 3082 2378
steinh14.txt | 50000 | 528000 | 1750 4026 5132 3784
steinh15.txt | 50000 | 528000 | 3780 7275 9702 6939
steinh16.txt | 50000 | 587500 | 15 70 67 63
steinhl17.txt | 50000 | 587500 | 25 123 109 109
steinh18.txt | 50000 | 587500 | 950 2408 2962 2262
steinh19.txt | 50000 | 587500 | 1750 3886 4987 3643
steinh20.txt | 50000 | 587500 | 3780 7127 9489 6797

Dua vao Bang 2.10, danh gia két qua thuc nghiém thuat toan déi véi 20 bo dir

liéu 1a cac do thi thudc nhém steinh; thuat toan i-PD-Steiner cho chit luong loi giai

t6t hon, twong duong, kém hon thuat toan MST-Steiner twong tmg 1a: (100.0%, 0.0%,

0.0%) s bo dir liéu; thuat toan i-SPT-Steiner cho chét lwong 10 giai tot hon, trong

duong, kém hon thuat toan MST-Steiner twong tng 1a: (35.0%, 0.0%, 65.0%) s6 bo

dir liéu; thuat toan i-PD-Steiner cho chat lugng 1oi giai tot hon, twong duong, kém
hon thuat toan i-SPT-Steiner tuong tmg 1a: (80.0%, 10.0%, 10.0%) s bo dit liéu.

Bang 2.11. Két qua thuc nghiém thuat toan trén nhom db thi steini

Test n m IL| | MST-Steiner |i-SPT-Steiner | i-PD-Steiner
steinil.txt | 100000 | 125000 | 25 188 190 180
steini2.txt | 100000 | 125000 | 45 369 364 358
steini3.txt | 100000 | 125000 | 1250 6390 6677 6363




61

steini4.txt | 100000 | 125000 | 2450 12209 12810 12178
steini5.txt | 100000 | 125000 | 4500 21754 22868 21664
steini6.txt | 100000 | 200000 | 25 148 144 142
steini7.txt | 100000 | 200000 | 45 264 273 253
steini8.txt | 100000 | 200000 | 1250 4978 5510 4902
steini9.txt | 100000 | 200000 | 2450 9066 10376 8969
steini10.txt | 100000 | 200000 | 4500 15126 17456 14879
steinill.txt | 100000 | 500000 | 25 111 110 104
steinil2.txt | 100000 | 500000 | 45 184 191 173
steini13.txt | 100000 | 500000 | 1250 3133 3849 2974
steinil4.txt | 100000 | 500000 | 2450 5487 6889 5207
steinil5.txt | 100000 | 500000 | 4500 8951 11629 8532
steinil6.txt | 100000 {2500000| 25 66 72 66
steinil7.txt | 100000 |2500000| 45 120 128 111
steinil8.txt | 100000 {2500000| 1250 2031 2556 1951
steini19.txt | 100000 |2500000| 2450 3366 4529 3268
steini20.txt | 100000 {2500000| 4500 5167 7591 5118

Dua vao Bang 2.11, danh gia két qua thuc nghiém thuat toan dbi véi 20 bo
dir liéu 1a cac do thi nhom steini; thuat toan i-PD-Steiner cho chat lugng 1o giai tot
hon, trong duong, kém hon thuat toan MST-Steiner twong tng la: (95.0%, 5.0%,
0.0%) s bo dir liéu; thuat toan i-SPT-Steiner cho chét lwong 10i giai tét hon, twong
duong, kém hon thuat toan MST-Steiner twong tng 13: (15.0%, 0.0%, 85.0%) sb bo
dir lidu; thuat toan i-PD-Steiner cho chat luong loi giai tét hon, twong dwong, kém
hon thuat toan i-SPT-Steiner twong tng 1a (100.0%, 0.0%, 0.0%) s6 bo dit liéu.
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2.7.4. Panh gia két qua thuc nghiém

- Ddnh gid chdt lwong ciia cdc thudt todn i-SPT-Steiner va i-PD-Steiner

Pénh gia trén tong s6 80 bo dit liéu, thuat toan i-PD-Steiner cho 10i giai c¢6
chat luong tt hon, twong duong, kém hon thuat toan MST-Steiner 13: (97.5%, 2.5%,
0.0%) sb bo dir liéu; thuat toan i-SPT-Steiner cho 15i giai c6 chit luong tét hon,
twong duong, kém hon thuat toan MST-Steiner 1a: (30.0%, 2.5%, 67.5%) sb bo dir
lieu; thuat toan i-PD-Steiner cho 10i giai c¢6 chat luong tét hon, twong duong, kém
hon thuat toan i-SPT-Steiner 1a: (88.75%, 6.25%, 5.0%) s6 bo dit liéu;

- Danh gid thoi gian chay Ciia cdc thudt toan i-SPT-Steiner va i-PD-Steiner

Thaoi gian chay trung binh trén cac bd dir liéu cia ba thuat toan: MST-Steiner,
I-SPT-Steiner va i-PD-Steiner dugc ghi nhan nhu trong Bang 2.12. Theo Bang 2.12,
thuat toan i-PD-Steiner c6 thoi gian chay nhanh hon so vai thuat toan MST-Steiner
va thuat toan i-SPT-Steiner. Thuat toan i-SPT-Steiner c¢6 thoi gian chay cham hon
so véi thuat toan MST-Steiner. Két qua ghi nhan vé thoi gian thuc hién caa ba thuat
toan trén cung cdp thém thong tin tham khao hiru ich vé cac thuat toan nay (Cau

truc dit liéu hang doi wu tién duoc hra chon dé cai dat cac thuat toan trén).

Bang 2.12. Thoi gian chay trung binh cta cac thuat toan

Nhém db thi I-PD-Steiner | MST-Steiner | i-SPT-Steiner
steinf 83,758 137,538 928,68
steing 280,356 421,402 2374,775
steinh 416,057 766,585 30416,253
steini 1243,415 1561,921 93943,235

Ghi chii: Thoi gian chay trung binh cia thudt todn trén mét nhém do thi bang trung binh

cgng thoi gian chay cua cdc testcase trong nhém do thi dé va duoe tinh bang don vi gidy (s).

Két qua so sanh giita thuat toan i-PD-Steiner va i-SPT-Steiner vai thuat toan

MST-Steiner trén tong s6 80 bo dit liéu dugc minh hoa bang biéu dd nhu Hinh 2.11.
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So sanh giita cac thuat toan trén 80 bo dit liéu

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%

30.0% |
20.0%

6.25% 5.00%
1 25%  0.0% 2.5% -° °

0.0%

N NN

i-PD-Steiner so sanh v&i MST-Steiner i-SPT-Steiner so sanh véi MST-Steiner i-PD-Steiner so sanh vdi i-SPT-Steiner

mTéthon mBing mKémhon

Hinh 2.11. So sanh gitra cac thuat toan trén 80 b dir liéu
2.8. DPANH GIA CAC THUAT TOAN THONG QUA PQ PHUC TAP

Bang 2.13 ghi nhan két qua d6 phuc tap thoi gian cia cac thuat toan heuristic
dé xuat. Thong qua bang nay cho thay: Thuat toan SPT-Steiner c6 do phirc tap thoi
gian 16n nhat, thuat toan i-PD-Steiner c6 do phuc tap thoi gian nho nhét, qua do

cung cap thém thong tin vé tinh hiéu qua cia cac thuat toan nay.

Bang 2.13. B¢ phuc tap thoi gian cia cac thuat toan

Thuat toan D¢ phirc tap thoi gian
MST-Steiner O(n|L|?)
SPT-Steiner O(mnlog n)
PD-Steiner O(|L|n?)
i-SPT-Steiner O(IL|(m + nC))
i-PD-Steiner O(|L|max(m + nC, |L||V(T)|)
Céc thudt todn duoc Xép theo SPT-Steiner, i-SPT-Steiner, PD-
d6 phuc tap thoi gian giam dan: | Steiner, MST-Steiner, i-PD-Steiner
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Chu thich:
n: sé dinh cua d6 thi G; m: s6 canh caa dd thi G; |V(T)|: sé dinh caa cay T;

IL|: s6 dinh cua tap terminal; C: trong sb tbi da cua canh trong d6 thi G.

2.9. KET LUAN CHUONG 2

Trong chuong ndy, luan 4n dé xuat hai thuat toan heuristic méi: SPT-Steiner
va PD-Steiner giai bai toan SMT; cac thuat toan nay dugc cai dat thuc nghiém trén
98 bo dir liéu (gém co6 78 bo dir lidu 1a cac dd thi thua trong hé thong dir liéu thyc
nghiém chuan va 20 bo dir liéu mé rong 1a cac d6 thi thua kich thuéc I6n 1én dén
10000 dinh - steinf). Tur két qua thuc nghiém, luan 4n di tién hanh so sanh, danh gia
chi tiét hiéu qua cua hai thuat toan heuristic d& xuat véi thuat toan heuristic MST-
Steiner [14] d3 duoc cong bd trude do. Hai thuat toan dé xuat boi luan an cho chat
lugng 101 giai tét hon thuat toan MST-Steiner [14] trén mot s6 bo dit liéu. Thoi gian
chay cua cac thuat toan SPT-Steiner va PD-Steiner cham hon so véi thuat toan
MST-Steiner.

Ngoai ra, luan an ciing d& xudt hai thuat toan heuristic cai tién: i-SPT-Steiner
va i-PD-Steiner dé giai bai toan SMT trong truong hop dd thi thua kich thudc 16n.
Hai thuit toan heuristic cai tién i-SPT-Steiner va i-PD-Steiner duoc cai dat thuc
nghiém va so sanh, danh gia hiéu qua trén 80 bo dit liéu 1a cac dd thi thua kich
thude 16n 1én dén 100000 dinh. Hai thuat toan heuristic cai tién cho chat luong 10i
giai t6t hon hodc twong duong thuit toan MST-Steiner [14] trén mot sb bo dir lidu.
Thoi gian chay cua thudt toan i-PD-Steiner nhanh hon so véi thuat toan MST-
Steiner va thudt toan i-SPT-Steiner. Thoi gian chay ctua thuat toan i-SPT-Steiner

cham hon so v&i thuat MST-Steiner va thuat toan i-PD-Steiner.
Cac thuat toan heuristic d& xudt moi va cai tién, cing két qua thuc nghiém thuat
toan trong chwong nay 1a nhitng thong tin hiru ich cho viéc nghién ciru phét trién thuat

toan metaheuristic giai bai toan SMT s& duoc dé cap tiép theo trong Chuong 3.
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Chuong 3. PE XUAT THUAT TOAN METAHEURISTIC
GIAI BAI TOAN CAY STEINER NHO NHAT

Tur két qud nghién ciru dat dwoc trong Chuwong 1 va Chuong 2. Tiép theo trong
chwong cudi nay, lugn dn dé xuat ba thudt todn metaheuristic méi dang cd thé,
quan thé duwa trén y tuweng két hop liwpe dé co ban ciia cdc thudt todn tién héa véi
cdc chién luoc tim kiém 1gn cdn dé giai bai toan SMT. Béng thot lugn dn ciing de
xuat hai chién lwgc tim kiém lgn méi cho bai toan SMT, cdc chién liwoc tim kiém lan
cdn dé xudt cé thé sir dung trong cac lwoc do thudt todn metaheuristic nham nang
cao chat lwong loi gidi cho cdc thudt toan. Chirong nay dwoc tong hop tir cdc cong
trinh [CT1], [CT2], [CT3], va [CT4] trong danh muc cac céng trinh nghién cuu

Cua tdc gia.

3.1. GIOlI THIEU HUONG TIEP CAN METAHEURISTIC GIAI BAI
TOAN SMT

Thuat toan metaheuristic st dung nhiéu heuristic két hop véi cac k¥ thuat phu
trg nham khai pha khong gian tim kiém; metaheuristic thudc 16p cac thuat toan tim
kiém t6i vu [8][56][82].

Hién da c6 céc cong trinh sir dung thudt todn metaheuristic giai bai toan SMT,
ching han nhu: Thuit toan local search [29][43], thuit toan tim kiém v&i lan can
bién d6i [43], thuat toan di truyén [22], thuit toan tabu search [31][72], thuit toan di
truyén song song [57]....

3.2. KHOI TAO LOI GIAI BAN PAU
Chat luong o1 giai cia cac thuat toan metaheuristic chiu anh huong béi cach

thire khai tao 101 giai ban dau. Trong muc ndy, s& phén tich chi tiét mot sé cach thuc

khai tao 10i giai ban dau cho bai toan Cay Steiner nhé nhat.
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3.2.1. Khéi tao Cay Steiner theo mgt heuristic

- Sir dung cay dwong di ngin nhat

Tim cay dudng di ngan nhat T xuét phat tai mot dinh cua dd thi. Sau d6 duyét
cac dinh treo u € T, néu u & L thi x6a canh chaa dinh u khoi E(T), x6a dinh u trong
V(T) va cap nhat bac caa dinh ké voi dinh u trong T. Lap lai budc nay dén khi T
khong con thay ddi (budc nay goi 1a bude x6a cac canh du thira). Sau budc nay ta

thu dugc mot Cay Steiner.
- Str dung y twéng caa thuat toan Prim

Chon dinh u e L, dat T = {u}; tir mdi dinh v € L va v chua thuoc T, tim duong
di ngan nhat P tir dinh v dén cac dinh z € T; két nap cac dinh va cic canh trén

duong di P vao cay T; 1ap lai dén khi T chira tat ca cac dinh thudc tap L.

Céch lam trén c6 thé mo rong dé tao mot quan thé Cay Steiner ban dau theo
cach sau: Néu str dung cay duong di ngan nhat thi c6 thé tao cay c6 gdc tai cac dinh
khac nhau ctia d6 thi. Néu sir dung y tudng thuat toan Prim c6 thé chon ngau nhién

cac dinh v € L trong giai doan tim duong di ngin nhat P.

Ta ciing c6 thé tao Ciy Steiner bang cach ap dung thuat toan Kruskal hoac
thuat toan Prim dé tim cAy khung nho nhat, sau d6 xda cac canh sao cho cac canh

con lai van 1a mot Cay Steiner.
3.2.2. Khéi tao Cay Steiner ngiu nhién

Bit dau tir mot dinh nao d6 thudc tap terminal L, tiép theo trong mdi budc lap,
trong s cac dinh chua duoc chon dé tham gia vao cdy, ta chon mét dinh ké véi it
nhat mot dinh nim trong ciy dang duoc xay dung ma khong quan tim dén trong sb
cua canh. Pinh duoc chon va canh ndi né véi dinh cia cay dang dugc xay dung sé
dugc bd sung vao cdy; thuat toan dirng khi tat ca cac dinh thugc tap terminal L déu

da duoc chon. Sau dé, xda cac canh du thira trong cay T sao cho T van 1a mot Cay
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Steiner. DAy 1a cach tao 16i giai ban ddu ma luan 4n sir dung xuyén sudt trong tat ca

cac thuat toan duoc dé cap trong Chuong 3.

Uu diém cua viéc tao Cay Steiner ban dau theo cach ngau nhién so véi cach sir
dung cac thuat toan heuristic chinh la sy da dang cac canh trong Cay Steiner duoc
hinh thanh. Chat lugng cua quan thé ban dau duoc tao theo cach ngau nhién du
khong tét bang cach sir dung cac heuristic dic thu cia bai toan SMT; tuy nhién sau
qua trinh tién héa, quan thé ban dau duoc khai tao bing cach ngiu nhién s& cho chat

luong 1o giai tt hon.

Algorithm 3.1: LikePrim algorithm

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

Output: Trd lai cay khung ngiu nhién T = (V(T), E(T));

1. Chon ngau nhién dinh u e V(G);

2. V(T) = {u};

3. E(T) = &5

4. while (|V(T)| < n) do

5. Chon ngidu nhién dinh v € V(G) - V(T) sao cho v c6 ké
véi mot dinh z € V(T);

6. V(T) = W(T) v {v};

7.  E(T) = E(T) U {(v, 2)};

8. end while

9. return cay khung T;

3.2.3. Khéi tao Cay Steiner dwa vao xac suit

MJi canh e cta d6 thi duoc gan mot xac suat p(e), xac sudt nay ti 1& véi trong
s6 cua canh. Khi d6 ta chon ngiu nhién cac canh dwa vao xéac suat cho dén khi dugc

Cay Steiner thi ding. Tiép theo ta x6a cac canh du thira.
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3.3. CAC CHIEN LUQC TIM KIEM CAY STEINER LAN CAN

3.3.1. Pinh nghia Cay Steiner lan can

DPinh nghia 1. 1-/dn cdn cua Cay Steiner T

Cho db thi G va T 1a mot Cay Steiner cua G. Ta goi 1-Idn cdn cua Cay Steiner
T 14 tap tat ca cac Cay Steiner ctia do thi G sai khac véi T dung mot canh. Néu T° 1a
mot Cay Steiner thugc 1-lan can cua T thi tandi T va T’ 1a 1-Idn cdn véi nhau.

Trong maot sb trudong hop chung ta con st dung nhitng 14n can rong hon so voi
1-ldn cdn. Pinh nghia k-ldn c¢dn dudi ddy 1a mé rong truc tiép cua dinh nghia 1-ldn
can.

Dinh nghia 2. k-lan cdn cua Cdy Steiner T

Cho db thi G va T 1a mot Cay Steiner ctia né. Ta goi k-ldn cdn cua Cay Steiner
T 1a tap tat ca cac Cay Steiner ctia d6 thi G sai khac vai T khong qua k canh. Néu T
la mdt Cay Steiner thudc k-/dn cdn cta T thi tandi T va T’ 1a k-Idn c¢dn véi nhau.

Dinh nghia 3. Ldn cgn tar dinh va lan can nngu nhién

Néu cac Cay Steiner trong 1an can duoc xac dinh khong phu thudc vao yéu td
ngéu nhién thi ta n6i vé 1an can tat dinh, con néu nguoc lai, ta noi vé 1an can ngﬁu
nhién.

Tiép theo, luan 4n s& trinh bay mot s6 chién luoc tim kiém Cay Steiner 1an can

hién biét.
3.3.2. Chién lwgc chén canh - x6a canh

Cho db thj v6 huéng lién thong c6 trong s6 G. Bit dau tir Cdy Steiner T cua G
duoc khai tao ngiu nhién, chén 1an luot ting canh e € E(G) — E(T) vao Cay Steiner
T. Néu Ciy Steiner T khong chira chu trinh thi canh e khong can duoc xem xét; néu

E(T) v {e} chira chu trinh thi tim mdt canh e’ trén chu trinh nay sao cho viéc loai no6
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dan dén Cay Steiner T~ ¢ chi phi 1a nhé nhét. Tiép theo, néu C(T°) < C(T) thi thay
T bang 7.

Thao tac tim chu trinh trong Cay Steiner T sau khi chén thém mot canh e duoc
tién hanh nhu sau: Khi chén canh e = (u, v) vao T, duyét Cay Steiner T theo chiéu
sdu bat dau tir u, luu vét trén dudng di bang mang p (dinh trudc caa mot dinh trong
phép duyét). Tiép theo, bit dau tir dinh v, truy vét theo mang p dén khi gap u thi két

thuc, cac canh trén duong truy vét chinh 14 cac canh trong chu trinh can tim.
3.3.3. Chién lwgc tim lan can tét hon

Thu tuc tim kiém 14an can bat dau tir Cay Steiner T duoc tién hanh nhu sau:
loai ngau nhién khoi T mot canh e, chon ngau nhién canh e’ tir tap E(G) — E(T), néu
tap canh E(T) — {e} U fe’} cho ta Cay Steiner T' ¢6 chi phi tot hon T thi ghi nhan
Cay Steiner nay. Thu tuc trén s& dugc 13p lai k lan ddi véi Cay Steiner T, trong sb
cac Cay Steiner duoc ghi nhan, chon ra T* 1a Cay Steiner tot nhat, néu Cay Steiner T
c6 chi phi tot hon T” thi dat T = T". Nhu vy, quan thé P duoc cap nhat sau khi thuc
hién xong thi tuc tim kiém 1an can. Ham tim kiém l4n can vira mo ta duoc dit tén 1a

NeighSearch(T, k).

Thuat toan sau day cho phép tim kiém Cay Steiner 1an can.

Algorithm 3.2: NeighSearch algorithm

NeighSearch(T, R)
Input: Cay Steiner T = (V(T), E(T)) va s6 nguyén duong k

Output: Thay thé Cay Steiner T bdi Cay Steiner tét nhat trong

s k Cay Steiner Ldn cdn dugc tao ngau nhién.
1. 7= T;// T" 1la Cay Steiner t6t nhat trong lan can cla cay T
2. for 1 = 1..k do
3. Loai ngdu nhién mét canh e e E(T);

4. Chon ngiu nhién canh e’e E(G) — E(T);
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5. if (77 = (v, E(T) - {e} v {e’}) la Cay Steiner) va
(C(T?) < (7))

6. T"=T7;
7. end for
8. if C(T") < C(T)

9. P =P - {T} U {T'}; //thay Cay Steiner T bdi Cay Steiner T*
trong quan thé P.

3.3.4. Chién lwgc tim lan cin ngiu nhién

Tim kiém ngau nhién cho Cay Steiner T duoc tién hanh twong tu nhu tim kiém
lan can nhung khong quan tdm dén chi phi trén canh: Loai ngiu nhién canh e trong
T, tim ngau nhién mot canh e’ tir tap E — E(T) sao cho E(T) — {e} v fe’} cho ta Cay
Steiner T' (khéng quan tdm dén viéc T’ ¢6 t6t hon T hay khong). Cap nhat T =T va

lap lai k lan thao tac trén.

Thuat toan sau day cho phép tim kiém Ciy Steiner ngau nhién.

Algorithm 3.3: Randsearch algorithm

Randsearch(T, R)

Input: C3y Steiner T = (V(T), E(T)) cla d6 thi G, k 1la s6 canh

can thay thé ngau nhién.

Output: Cay Steiner T sau khi d3 thay thé k canh ngdu nhién

1. for i = 1..k do

2. Loai ngadu nhién canh e e T;

3. Tim ngdu nhién canh e’e E(G) — E(T) théa T — {e} U {e’}
1a mét Cay Steiner;

4. T=T-{e} u{e’};

5. end for

6. return T;
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3.3.5. Chién lwgc tim lan can Node-based

Cho Cay Steiner T. Xét mot dinh ngau nhién u € T ma khong thudc tap dinh
terminal L. X6a dinh u va cac canh ké dinh u trong T; khi d6 T duoc phén rd thanh
mot s6 thanh phan lién thong; goi day 1a do thi H. Lan luot bd sung cac canh theo
thr tu trong s6 ting dan cia G - H vao d6 thi H cho dén khi nao H trg thanh mot
ciy. Xoa cac canh du thira trong H dé H tro thanh mot Cay Steiner 7. Néu cay 7~
c6 chi phi tét hon T thi cap nhat T bang 7; nguoc lai thi ta giit nguyén T [69].

Algorithm 3.4: Node-based search algorithm

Input: Cho d6 thi v6 huéng G = (V(G), E(G)); V(G) la tap dinh;
E(G) la tap canh; L € V(G) la tap dinh terminal.

Output: Cay Steiner T nhd nhat

1. S dung thudt toan twa Prim dé tim cdy khung cua dé thi,
goi la cay T;

2. X6a cac canh du thira cua T, khi d6 T 1la mdot Cay Steiner.
Viéc x6a cac canh du thira dugc thuc hién nhu sau: V&i mdi Cay
Steiner T, duyét cdc dinh treo u € T, néu u ¢ L thi xdéa canh chua
dinh u khoi E(T), x6a dinh u trong V(T) va cap nhat bac clua dinh
ké véi dinh u trong T. Lap lai budc nay dén khi T khéng con thay
dei.

3. while (diéu kién dung chua thda) do

4. pat T:1= T;

5. Chon dinh ngidu nhién u e Ti; dinh u khéng thudc tap
dinh terminal L; sau dé loai bd cac canh 1lién quan dén dinh u
trong Ti;; khi d6 T: dugc phan ra thanh nhiéu thanh phan lién thoéng;
goi day 1a do thi Ta.

6. Sap xép cac canh cla dé thi G theo trong sé tang dan,
1lan lugt bé sung cac canh theo thi tu da dugc sap cla G vao doé thi

T cho dén khi T, 1la mot cay;
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7. Xbéa cac canh du thua trong T;;

8. Néu cay T, c6 chi phi tét hon T thi cap nhat T bang T:;
ngugc lai hodc 13 khéng tao dugc cay T. thi dat T bang Ti;

9. end while

10. return T;
3.3.6. Chién lwgc tim lan can Path-based

Mot key-node 1a mot dinh caa Cay Steiner c6 bac it nhat bang 3.

Mot key-path 1a mot duong di voi tat ca cac dinh trung gian (khong 1a dinh
terminal) déu c6 bac bang 2 va hai dinh dau cudi cia dudng di d6 hoic thudc tap

terminal hoac 1a dinh key-node.

Viéc tim key-path ngau nhién duoc thyc hién nhu sau: Chon ngau nhién mot
canh trong T; néu hai dinh dau cudi cua key-path c6 bac bang 2 va 1a dinh Steiner
thi thém canh tiép theo ké cua dinh d6 cho dén khi nao 2 dinh dau cubi khong phai
bac 2 va khong phai Steiner thi dung lai, va kiém tra dudong di d6 co phai 1a mot

key-path hay khong. Néu trong lic thuc hién khong thoa mén thi dung.

T 12 mot Cay Steiner. Gia sir p mot key-path ngau nhién trén cay T. Tién hanh
loai bo p; khi @6 T dwoc tach thanh hai thanh phan lién thong T1 va T2. Chon canh
ngan nhat cé thé ndi hai thanh phan lién thong T1 va T2 véi nhau; gia sir khi d6 ta
dugce cdy méi 1a 7. Néu cdy 7" c6 chi phi tot hon T thi cap nhat T bang 7; nguoc
lai thi giir nguyén T [69].

Algorithm 3.5: Path-based search algorithm

Input: Cho d6 thi v6 huéng G = (V(G), E(G)); V(G) la tap dinh;
E(G) la tap canh; L € V(G) la tap dinh terminal.

Output: Cay Steiner nhd nhat T

1. S dung thuat toan twa Prim dé tim cdy khung cua do6 thi,

goi la cay T;
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2. X6a cac canh du thira cia T, khi d6 T 1la mét Cay Steiner;

3. while (diéu kién diung chua thda) do

4. pat T1= T;

5. Gid sir p mot key path ngiu nhién nao dé; tién hanh loai
bé p; khi d6 T dugc tach thanh hai thanh phan 1lién théng T, va Ts;

6. Chon canh ngan nhdt c6 thé ndi hai thanh phan 1lién
théng T, va Tp v6i nhau; gia st khi dé ta dugc cay méi la T».

7. Néu cay T, c6 chi phi tét hon T thi cdp nhat T bang T:;
ngugc lai hodc néu khong toén tai T, thi dat T bang Ti;

8. end while

9. return T;
3.3.7. Chién lwgc tim kiém lan cian tham lam

Cho Cay Steiner T. Loai ngau nhién khoi T mot canh e, chon ngau nhién canh
e’ tir tap E(G) - E(T), nhung canh e’ thém vao ciy T thi ta 1dy ngau nhién tir tap
nhitng canh ké véi tap dinh cia cay T trong tap E(G) — E(T) trén tiéu chi 1a chi phi
cang nho thi ti 1€ chon cang cao. Sau khi loai canh e va thém canh e’ ta dugc Cay
Steiner 7" ¢6 chi phi nho hon thi ghi nhan 7' = 7". Lap lai k 1an tha tuc nay, ta duoc
cay T c6 chi phi tot nhat.

3.3.8. Chien lwgc tim kiem lan cén c6 xac suat

Cho Cay Steiner T, mdi canh e thuoc T dugc gan cho mot xac suat chon p(e);
néu trong s6 caa canh e cang bé thi xac suit chon p(e) cang cao. Loai ngiu nhién
khoi T mot canh e, e 1a canh duoc chon ngau nhién véi Viée wu tién chon canh co
chi phi 1én (chi phi canh cang 1én thi ti 1& chon cang cao). Sau d6 tim ngau nhién
mot canh e’ tir tap E - E(T), véi e’ 1a canh chon ngau nhién véi viéc wu tién chon

canh c6 chi phi nhé (chi phi canh cang nho thi ti 1€ chon cang cao) sao cho E(T) -
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{e} U {e’} cho ta Cay Steiner 7" ¢6 chi phi tot hon T thi ghi nhan Cay Steiner nay,
T = T". Lap lai k 1an thu tuc nay, ta thu duoc cay T co chi phi tot nhat.

Hai chién luoc tim kiém 14n cin tham lam va tim kiém 1an cén c6 xac suit,
cling nhu viéc str dung ching trong luoc db thuat toan tim kiém 1an can bién doi

dugc cong bd tai Cong trinh [CT4].
3.4. THUAT TOAN BEES GIAI BAI TOAN CAY STEINER NHO NHAT

Phan nay trinh bay chi tiét cac budc cua thuat toan Bees giai bai toan SMT;

thuat toan nay duoc dat tén la Bees-Steiner.
3.4.1. Piéu kién dirng cia thuét toan Bees-Steiner

Thuat toan Bees-Steiner s dung diéu kién dung sau: Loi giai tét nhat tim
dugc (ky luc) cua bai toan khoéng duoc cai thién sau mot sé 1an lip dinh trude

(thudng 1a mot ham theo kich ¢& cua dir liéu dau vao).
3.4.2. Phan nhém cac c4 thé

Quan thé P co N ca thé, sap xép cac ca thé trong quan thé P theo chiéu ting
dan chi phi cia cac ca thé. Sau khi sap xép, ta phan bd cac ca thé vao ba nhom:
Nhom 1 gdbm h ca thé tét nhat, nhém 2 gdm p - h ca thé tot tiép theo va nhom 3 gom

N - p c4 thé con lai.

Ham sip xép quan thé va phan bd cac ca thé vao cac nhom dugc dat tén 13

SortPopulation (P, N, h, p).
Thuat toan sau day cho phép phan nhém céc ca thé.
SortPopulation (P, N, h, p)
Input: Quan thé P gdm N cdy Ty, Ta,..., Tn caa db thi G. Cac tham s6 h, p.
Output: Xép cac ca thé trong P vao ba nhom.

1. Sap xép cac ca thé ciia quan thé theo chi phi tang dan;
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2. Xép h ca thé dau tién T1, Ta,..., Th vao nhom 1;
3. Xép p - h cé thé tiép theo The1, Thez,..., Tp vao nhom 2;

4. Xép N - p cé thé con lai Tp+1, Tp+2,..., Tn vao nhom 3.
3.4.3. So d6 Thuit toan Bees-Steiner

Thuit toan Bees-Steiner trudgc hét tao quan thé ban dau P, sau d6 1ap lai cac
thao tac: Sap Xép céac ca thé thudc quan thé P va phan b cac ca thé vao cac nhom;
mdi c4 thé thuoc nhém 1 cho tim kiém 1an can ki 1an, mi ca thé thugc nhom 2 cho
tim kiém 1an can k2 1an. Trong mdi budc lp, quan thé P da duoc cap nhat thong qua
céc thao tac tim kiém 1an can tot hon va tim kiém lan can ngau nhién. Khi thuat toan
dirng, ca thé tét nhat tim duoc trong qué trinh thuc hién thuat toan dugc cong bd
1am 10i giai can tim.

Thuat toan Bees-Steiner dugc mo ta nhu sau:

Algorithm 3.6: Bees-Steiner algorithm

Input: D6 thi ¢ = (V(G), E(G));
Output: Cay Steiner cé chi phi nho nhat tim dugc Tpest;

1. InitPopulation (V(G), E(G), N); // Tao quan thé P gbém céac
Cay Steiner Ti, To,...,Tn

2. While (diéu kién ding chua thdéa) do

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

5. For i = 1..h do

6. NeighSearch (Ti, Ri);

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

8. NeighSearch (Ti, k:);

9. For i = p + 1..N do
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10. RandSearch (Ti, k3);
11. end while
12. Cap nhat cad thé Tpest;
13. return Tpest;
Do phtrc tap cua thuat toan Bees-Steiner 1a: O(N(Nlog(N) + V(hki + (p - h)kz
+ (N - p)ks))).

3.5. THUAT TOAN TiM KIEM LAN CAN BIEN POl GIAI BAI TOAN
CAY STEINER NHO NHAT

Vén dé 16n nhat ma cac thuat toan metaheuristic gap phai 12 n6 dé roi vao bay
t6i uu cuc bo. Pé giai quyét vin dé nay, luan an dé xuat viéc két hop thuat toan tim
kiém 1an can bién doi (Variable neighborhood search algorithm - VNS) giai bai toan
SMT véi hai chién luoc tim kiém 1an can Node-base [69] va Path-based [69] nham

nang cao chat lugng 16i giai cua thuat toan.

Vé diéu kién diing: Loi giai t6t nhat tim dugc boi thuat toan khong dugc cai
thién qua mot s6 l1an lip dinh trudc.

Vé tao 1oi giai ngau nhién ban dau: Cay Steiner ban dau duoc khoi tao bang

thuat toan LikePrim.

Algorithm 3.7: VNS algorithm

Input: D6 thi ¢ = (V(G), E(G));

Output: Cay Steiner cé chi phi nho nhat;

1. T 13 cay khung ngdu nhién dugc tao bdi thuat toan twa Prim;
2. X6a cac canh du thira trong T dé thu dugc Cay Steiner;

3. while (diéu kién dirng chua thoa) do

4. Lan luot thuc hién hai chién luwgc tim kiém 1an can Node-based
va Path-based;
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5. Trong qud trinh thyc hién cdc chién lugc tim kiém lan can
trén, ghi nhan lai 1loi giai tot nhat;

6. Khi thuc hién moét chién lugc tim kiém 1an can, néu tim duogc
ki luc méi thi quay trd lai thuc hién thuat toan VNS tU dau
(sau vong 1ldp while); ngugc lai, chuyén sang chién lugc tim
kiém 1lan can tiép theo;

7. Thuat toan VNS két thuc khi diéu kién dung dugc thoa; diéu
kién dung dugc lua chon trong thuat toan nay la 10*n, vdi n
13 s6 dinh cua do thi.

8. end while

9. Tra vé 1loi giai tot nhat tim duogc;

Do phirc tap cua thuat toan VNS 1a: O(N?(Elog(E))).

3.6. THUAT TOAN HILL CLIMBING SEARCH GIAI BAI TOAN CAY
STEINER NHO NHAT

3.6.1. Y twéng thuit toan

Cho db thi v6 huéng lién thong c6 trong s6 G. Bit dau tir Cay Steiner T cua G
duoc khoi tao ngau nhién, chén 1an luot ting canh e € E(G) — E(T) vao Cay Steiner
T. Néu Cay Steiner T khong chira chu trinh thi canh e khong can dugc xem xét; néu
E(T) v {e} chra mot chu trinh thi tim mot canh e’ trén chu trinh nay sao cho viéc
loai n6 dan dén Cay Steiner T’ ¢ chi phi 13 nho nhat. Tiép theo, néu C(7”) < C(T)
thi thay T bang 7. Thuat toan dirng néu trong mot 1an duyét qua tat ca cac canh

e € E(G) — E(T) ma khong cai thién dugc chi phi ctia Cay Steiner T.

Tac gia dat tén thuat todn Hill climbing search giai bai toan SMT la HCSMT.
Thuat toan HCSMT ngoai viéc 11 giai ban ddu duoc khai tao ngiu nhién thi cac Cay
Steiner 1an cén tim dugc trong qué trinh tim kiém 13 kiéu 1-Idn cdn tat dinh. Higu qua

cua thuat toan HCSMT c6 thé duoc cai thién khi ta thay ddi thir ty cac canh dugc
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duyét trong tap E(G) — E(T); nghia la ta sé duyét tap canh nay theo mdt hoan vi duoc
sinh ngau nhién chir khong theo mot thir ti ¢d dinh & tat ca cac 1an duyét.

Két hop Vi fim kiém ngdu nhién

Thuat toan HCSMT chi yéu sir dung tinh ting cudng, thé hién qua cac chién
lugc tim kiém Cay Steiner lan can. Tinh da dang dugc st dung vao cac thoi diém
sau: thir nhat 1a khi khi tao 11 giai ban dau, thir hai 13 thay d6i tht ty duyét caa cac
canh trong tap canh tng vién (nhu di dé cap ¢ doan trén), thu ba 1a khi viéc tim
kiém 1an can khong cai thién qua mot s 1an Iap thi tién hanh chon ngau nhién mot

s6 canh cua ciy dé bat dau tro lai viéc tim kiém lan can.

3.6.2. Thuat toan HCSMT

Algorithm 3.8: HCSMT algorithm

Input: D6 thi ¢ = (V(G), E(G));

Output: Cay Steiner cé chi phi nho nhat tim dugc Tpest;
1. stop = false;

2.d = 9; //d 1la s6 lan tang cuong

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

4. Trest = T; //luu lai Cay Steiner t6t nhat trudc khi thuc

hién chién lugc da dang hoda

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

6. stop = true;

7. S =E - E(T);

8. for (v6i méi canh e € S ) do

9. min = +o;

10. if (canh e c6 2 dinh (u, v) € T) then

11. F=Tu {e};
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12. Xac dinh chu trinh Cycle trong F chua e;
13. for (véi mdéi canh e’ e Cycle) do

14. if (C(F - e’) < min) then

15. min = C(F - e’);

16. Ghi nhan T° = F - e’;

17. end if

18. end for

19. if (min < C(T)) then

20. T =1T;

21. stop = false;

22. end if

23. end if

24. end for

25. if (stop) then

26. d++; //tang s6 bién dém tang cudng

27. if (C(T) < C(Tbest)) Thest = T;

28. while (Thda diéu kién da dang héa) do

29. Loai bd mdét s6 canh ngdu nhién cla Cay

Steiner dang xét;

30. Chon ngdu nhién mét s6 canh trong cac canh
con lai cla d6 thi G cho dén khi cay T lién théng trd lai (diéu
kién canh thém vao la: Phai cé dinh thudéc T méi dugc thém vao
dé tranh trudong hgp thém vao qud nhiéu 1an nhung T khéng lién
théng trd lai). Si dung dinh nghia k-Ldn cdn & trén;

31. Néu thém qua nhiéu 1lan ma khong lam cho T

lién thong trd lai, thi tiép tuc da dang hdéa lai véi cac canh

khac;
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32. end while
33. end if

34. end while

35. return Tpest;

Do phuec tap cua thuat toan HCSMT 1a: O(N(Elog (E) + EV)).

3.7. THUC NGHIEM VA PANH GIA CAC THUAT TOAN
METAHEURISTIC GIAI BAI TOAN CAY STEINER NHO NHAT

3.7.1. Thuat toan Bees-Steiner

Phan nay, luan an trinh bay két qua thuc nghiém thuat toan Bees-Steiner giai
bai toan SMT trong trudng hop d6 thi thua va dua ra mot s6 phan tich danh gia vé
két qua dat duoc. Két qua thuc nghiém thuat toan Bees-Steiner dugc so sanh véi hai
heuristic giai bai toan SMT gém: Heuristic MST-Steiner ciia Bang Ye Wu va Kun-
Mao Chao, heuristic dira vao ciy dudng di ngan nhat (SPT-Steiner) va hai thuat
toan metaheuristic giai bai toan SMT gom: Thuat toan di truyén song song (PGA-

Steiner) va thuat toan tim kiém tabu (Tabu-Steiner).

- Méi trwong thuc nghiégm

Thuat toan Bees-Steiner duoc cai dat bing ngdn ngit C++, sir dung moi trudng
DEV C++ 5.9.2; dugc thuc nghiém trén moét may chu ao, Hé diéu hanh Windows
server 2008 R2 Enterprise, 64bit, Intel(R) Xeon (R) CPU E5-2660 0 @ 2.20 GHz,
RAM 4GB.

- Tham sé thec nghiém

Qua thuc nghiém, thuat toan Bees-Steiner st dung bo tham sé sau: S6 budc
lap Imax = 300, N =75, h=0.35 x N, p=0.85 x N, k1= 0.50 x n, kz = 0.25 x n,

ks=0.01 x n. Thuat toan Bees-Steiner thuc hién 30 lan cho mdi b dit liéu.

- Chat lwong 161 gidi
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Két qua thuc nghiém cac thuat toan duoc ghi nhan & Bang 3.1 va Bang 3.2. Theo
do, két qua thuc nghiém cua thuat toan PGA-Steiner va Tabu-Steiner dugc tac gia ghi
nhan lai tir cac cong trinh c6 lién quan da cong bd; két qua cua cac thuat toan MST-
Steiner, SPT-Steiner va Bees-Steiner 14 do tac gia cai dat; vai moi dd thi, két qua cua

thuat toan Bees-Steiner 13 két qua tét nhat (c6 chi phi nho nhat) sau 30 lan chay.

Bang 3.1. Két qua thuc nghiém thuat toan trén cac db thi thuéc nhom steinb

Test MST- SRT- PQA- Be_es-

Steiner Steiner Steiner Steiner

steinbl 82 82 82 82
steinb2 90 84 83 83
steinb3 140 147 138 138
steinb4 64 59 59 59
steinb5 64 62 61 61
steinb6 128 134 122 122
steinb7 111 111 111 111
steinb8 104 113 104 104
steinb9 222 222 220 220
steinb10 98 90 86 86
steinb1l 91 93 88 88
steinb12 174 192 174 174
steinb13 175 172 165 165
steinb14 237 253 235 235
steinb15 323 335 318 318
steinb16 137 138 127 127
steinb17 134 139 131 132
steinb18 222 250 218 219
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Véi cac dd thi nhém steinb, chit luong 1oi giai tot hon, bang va kém hon cua
thuat toan Bees-Steiner so voi cac thuat toan: MST-Steiner, SPT-Steiner, PGA-
Steiner 1an luot 1a: (77.8%; 22.2%:; 0.0%), (83.3%; 16.7%; 0.0%), (0.0%; 88.9%;
11.1%) s bo dix liéu.

Bang 3.2. Két qua thuc nghiém thuat toan trén cac dd thi thudc nhom steinc

Test M_ST- SRT- Tapu- PG_A- Be_es—

Steiner Steiner Steiner Steiner Steiner
steincO1 88 86 85 85 85
steinc02 144 158 144 144 144
steinc03 779 843 755 754 754
steinc04 1114 1193 1081 1079 1079
steinc05 1599 1706 1579 1579 1579
steinc06 60 56 95 55 95
steinc07 115 103 102 102 102
steinc08 531 597 509 509 509
steinc09 728 865 708 707 707
steinc10 1117 1327 1093 1093 1094
steincll 37 32 32 32 32
steinc12 49 46 46 46 46
steincl3 274 322 258 258 260
steinc14 337 417 324 323 324
steincl5 571 703 556 556 556
steinc16 13 12 11 11 11
steincl7 19 19 18 18 18




83

steincl8 125 146 117 113 116
steincl9 158 195 149 146 149
steinc20 269 339 267 267 267

Véi cac dd thi nhom steinc, chat lwong 1oi giai tét hon, bang va kém hon cua
thuat toan Bees-Steiner so véi cac thuat toan: MST-Steiner, SPT-Steiner, Tabu-
Steiner va PGA-Steiner lan luot 1a: (95.0%; 5.0%; 0.0%), (90.0%; 10.0%; 0.0%),
(20.0%: 70.0%; 10.0%), (0.0%:; 75.0%:; 25.0%) s6 bo dit liéu.

Pénh gia chung trén téng sé 38 bo dir liéu, thuat toan Bees-Steiner cho chit
luong 1o giai tot hon, twong duong va kém hon thuat toan MST-Steiner lan luot 1a:
(86.8%, 13.2%, 0.0%) sb bo dir liéu; thuat toan Bees-Steiner cho chat luong 16i giai
t6t hon, twong dwong va kém hon thuat toan SPT-Steiner lan luot la: (86.8%,
13.2%, 0.0%) s6 bo dir liéu; thuat toan Bees-Steiner cho chat lwong 16i giai tét hon,
tuong duong va kém hon thuat toan PGA-Steiner lan luot la: (0.0%, 81.6%, 18.4%)
s6 bo dir ligu.

Két qua so sanh giita thuat toan Bees-Steiner véi cac thudt toan: MST-
Steiner, SPT-Steiner va PGA-Steiner trén tong s6 38 bo dir liéu duoc minh hoa bing
biéu d6 nhu Hinh 3.1.

So sanh giilra cac thudt toan trén 38 bo dit liéu

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

86.8% 86.8%

81.6%

13.2%

- 0.0%

Bees-Steiner so sanh v&i MST-Steiner

13.2%

C R

Bees-Steiner so sanh v&i SPT-Steiner

0.0%

Bees-Steiner so sanh véi PGA-Steiner

mTéthon mTuwong dwong ®Kém hon

Hinh 3.1. So sanh giira cac thuat toan trén 38 bo dix liéu

Céc két qua chinh ctia dé xuat nay duoc cong bd tai Cong trinh [CT1].
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3.7.2. Thuit toan tim kiém lan cin bién ddi

Thuat toan tim kiém 1an can bién d6i (Variable neighborhood search algorithm -
VNS) duoc cai dit bang ngdn ngit C++, sir dung méi truong DEV C++ 5.9.2 va duoc
thuc nghiém trén mot may chu 40, Hé diéu hanh Windows server 2008 R2 Enterprise,
64bit, Intel(R) Xeon (R) CPU E5-2660 0 @ 2.20 GHz, RAM 4GB.

Két qua thuc nghiém cua thuét toan VNS dugc ghi nhan ¢ Bang 3.3.

Bang 3.3. Két qua thuc nghiém thuat toan VNS

Test VNS Test | VNS Test VNS Test | VNS

steinb01 82 | steincO1 85 | steind01 | 106 | steine01 | 111

steinb02 83 | steinc02 | 144 | steind02 | 220 | steine02 | 214

steinb03 138 | steinc03 | 754 | steind03 | 1565 | steine03 | 4015

steinb04 59 | steinc04 | 1079 | steind04 | 1935 | steine04 | 5101

steinb05 61 | steinc05 | 1579 | steind05 | 3250 | steine05 | 8128

steinb06 122 | steinc06 55 | steind06 67 | steine06 73

steinb07 111 | steincO7 | 102 | steind07 | 103 | steine07 | 145

steinb08 104 | steincO8 | 509 | steind08 | 1073 | steine08 | 2648

steinb09 220 | steinc09 | 707 | steind09 | 1448 | steine09 | 3608

steinb10 86 | steinc10 | 1093 | steind10 | 2111 | steinel0 | 5600

steinOb11 88 | steincll 33 | steind11 29 | steinell 34

steinOb12 | 174 | steincl?2 46 | steind12 42 | steinel2 67

steinOb13 | 165 | steincl3 | 258 | steind13 | 502 | steinel3 | 1292

steinOb14 | 236 | steincl4 | 323 | steind14 | 671 | steineld | 1735

steinOb15 | 318 | steincl5 | 556 | steind15 | 1116 | steinel5 | 2784

steinOb16 | 127 | steincl6 11 | steind16 13 | steinel6 15

steinOb17 | 131 | steincl? 18 | steind17 23 | steinel?7 25
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steinOb18 | 218 | steinc18 | 115 | steind18 | 228 | steinel8 | 583

steinc19 | 148 | steind19 | 318 | steinel9 | 768

steinc20 | 268 | steind20 | 538 | steine20 | 1342

Luan an so sanh chat lugng 1oi giai cua thut toan VNS véi nhom céc thuat
toan heuristic: MST-Steiner [14], SPT-Steiner [CT6], PD-Steiner [CT6] va nhom
cac thuat toan metaheuristic: Node-based [69] va Path-based [69].

Vi 18 bo dir liéu nhom steinb, thuat toan VNS cho chat luong 1oi giai tét hon,
tuong duong va kém hon thuat toan MST-Steiner lan luot 13: (77.8%, 22.2%, 0.0%)
s6 bo dir lidu; thuat toan VNS cho chit luong 10i giai tét hon, trong duong va kém
hon thuét toan SPT-Steiner lan luot 1a: (83.3%, 16.7%, 0.0%) sb bo dit liéu; thuat
toan VNS cho chét lugng 10i giai tét hon, twong duong va kém hon thuat toan
PD-Steiner lan luot 1a: (50.0%, 44.4%, 5.6%) s6 bo dir liéu.

Vi 20 bo dit liéu nhom steinc, thuat toan VNS cho chat luong 10i giai tot hon,
trong duong va kém hon thuat toan Node-based lan luot 1a: (5%, 80%, 15%) s6 bo
dir liéu; thuat toan VNS cho chat luong 1oi giai tét hon, twong duong va kém hon
thuat toan Path-based lan luot 1a: (10%, 85%, 5%) s6 bo dir liéu; thuat toan VNS cho
chat luong loi giai tét hon, twong dwong va kém hon thuat toan MST-Steiner lan
luot 1a: (95.0%, 5.0%, 0.0%) s6 bo dir liéu; thuat toan VNS cho chat luong loi giai
t6t hon, tvong dwong va kém hon thuat toan SPT-Steiner lan luot 1a: (90.0%, 5.0%,
5.0%) sb bo di liéu; thuat toan VNS cho chat luong 16 giai tot hon, trong duong va
kém hon thuat toan PD-Steiner lan luot 1a: (75.0%, 25.0%, 0.0%) s6 bo dit liéu.

Véi 20 bo dit liéu nhom steind, thuat toan VNS cho chat luong 1oi giai tt hon,
trong duong va kém hon thuit toan Node-based lan luot 1a: (10%, 60%, 30%) s6 bo
dir liéu; thuat toan VNS cho chét luogng 10i giai tot hon, twong duong va kém hon
thuat toan Path-based lan luot 13: (30%, 60%, 10%) s6 bo dir lidu; thuat toan VNS cho
chat lwong 10i giai tét hon, twong duong va kém hon thuat toan MST-Steiner lan luot
1a: (100.0%, 0.0%, 0.0%) sé bo dir liéu; thuat toan VNS cho chat lwong loi giai tét
hon, twrong duong va kém hon thuét toan SPT-Steiner lan luot 1a: (90.0%, 10.0%,
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0.0%) sb bo dir liéu; thuat toan VNS cho chét luong loi giai tét hon, twong duong va
kém hon thuét toan PD-Steiner lan lugt 1a: (85.0%, 15.0%, 0.0%) sb bo dir liéu.

Véi 20 bo dir liéu nhom steine, thuat toan VNS cho chit luong 1oi giai tét hon,
tuong dwong va kém hon thuat toan MST-Steiner 1an luot 1a: (100.0%, 0.0%, 0.0%)
s6 bo dir lidu; thuat toan VNS cho chat luong 10i giai tét hon, trong duong va kém
hon thuat toan SPT-Steiner lan luot 13: (75.0%, 25.0%, 0.0%) s6 bo dit lidu; thuat
toan VNS cho chat luong loi giai tét hon, trong duong va kém hon thuét toan PD-
Steiner lan luot 13: (95.0%, 5.0%, 0.0%) s6 bo dir ligu.

Pénh gia chung trén 78 bo dir liéu 1a cac dd thi thua trong hé thdng dit liéu
thie nghiém chuan; thuat toan VNS cho 16i giai chét luong tot hon, trong duong va
kém hon thuat toan MST-Steiner lan luot 1a: (93.6%, 6.4%, 0.0%) s6 bo dit lieu;
thuat toan VNS cho loi giai chat luong tot hon, twong duwong va kém hon thuét toan
SPT-Steiner lan luot 1a: (84.6%, 14.1%, 1.3%) s6 bo dit liéu; thuat toan VNS cho loi
giai chat luong tét hon, twong duong va kém hon thuét toan PD-Steiner lan luot 1a:
(76.9%, 21.8%, 1.3%) s6 bo dir liéu; thuat toan VNS cho 1oi giai chat lugng tét hon,
tuong duong va kém hon thuat todn Node-based lan luot 1a: (7.5%, 70.0%, 22.5%)
s6 bo dir lidu; thuat toan VNS cho loi giai chat luogng tt hon, trong duong va kém
hon thuat toan Path-based lan luot 1a: (20.0%. 72.5%, 7.5%) s6 bo dit liéu.

Két qua so sanh giita thuat toan VNS voi cac thuat toan: MST-Steiner, SPT-
Steiner, PD-Steiner, Node-based va Path-based trén tong s6 78 bo dit liéu duoc

minh hoa bang biéu d6 nhu Hinh 3.2.

So sanh gitra cac thuat toan trén 78 bo dir liéu

100.0% 93.6%
90.0% 84.6%
0% 76.9%
80.0% 70.0% 7%:,5,:%
70.0% — |
60.0% i } ‘ 3
50.0% } 1 ‘
40.0% : J } ]
o |
30.0% o 8’/ B 22.5% 20.0% 8
20.0% 14 1/ P |
. 6.4% 7.5% o 7-5%
100% - [ 6-47 0% | 13% 3 | 1a% | J |
0.0% . .
VNS so sanh véi MST- VNS so sanh vé&i SPT- VNS so sanh vé&i PD- VNS so sanh véi Node- VNS so sanh vé&i Path-
Steiner Steiner Steiner based based

mTéthon mTuong dwong Kém hon

Hinh 3.2. So sanh giira cac thuat toan trén 78 bo dix li¢u



87

Két qua nghién ciru chinh cua dé xuét nay dugc cong b tai Cong trinh [CT2].
3.7.3. Thuat toan Hill Climbing Search

Trong phan nay, luan 4n mo ta viéc thyc nghiém thuat toan Hill climbing
search - HCSMT va dua ra mot s6 so sanh, danh gia vé cac két qua dat duoc cua
thuat toan HCSMT so véi cac thuat toan: Heu [77], PD [CT6], VNS [CT2], TS [15].

Két qua thuc nghiém cua thuat toan HCSMT duoc ghi nhan ¢ cac Bang 3.4,
3.5, 3.6. Cac bang ndy c6 cdu tric nhu sau: Cot dau tién (Test) 1a tén cac bo dir liéu
trong hé thong dix liéu thuc nghiém cua timg d6 thi; cac cot tiép theo ghi nhan gia tri
chi phi Cay Steiner 1an luot Gng Vé6i cac thuat toan: Heu [77], PD [CT6], VNS
[CT2], TS [15] va thuat toan HCSMT.

Thuat toan HCSMT duoc cai dat bang ngdn ngit C++, sir dung méi trudng DEV
C++ 5.9.2; duoc thuc nghiém trén mot may cha 40, Hé didu hanh Windows server 2008

R2 Enterprise, 64bit, Intel(R) Xeon (R) CPU E5-2660 0 @ 2.20 GHz, RAM 4GB.

Bo6 tham s6 dugc xac dinh nhu sau qua thuc nghiém: Sb 1an chay mdi bo dir
liéu 1a 30, s6 lan tang cuong 1a 50, sb canh loai bo ngiu nhién cua mdi lan ting

cudng 1a 0.05 x [E(T)|

Bang 3.4. Két qua thuc nghiém thuat toan trén nhom db thi steinc

Test Heu PD VNS TS HCSMT
steinc01 85 85 85 85 85
steinc02 144 144 144 144 144
steinc03 755 762 754 754 754
steinc04 1080 1085 1079 1079 1080
steinc05 1579 1583 1579 1579 1579
steinc06 55 55 55 55 55
steinc07 102 102 102 102 102
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steinc08 510 516 509 509 509
steinc09 715 718 707 707 707
steinc10 1093 1107 1093 1093 1093
steincll 32 34 33 32 32
steinc12 46 48 46 46 46
steincl3 262 268 258 258 258
steincl4 324 332 323 324 324
steincl5 557 562 556 556 957
steinc16 11 12 11 11 11
steincl7 19 20 18 18 18
steinc18 120 123 115 117 115
steinc19 150 159 148 148 149
steinc20 268 268 268 267 268

Bang 3.5. Két qua thuc nghiém thuat toan trén nhom db thi steind

Test Heu PD VNS TS HCSMT
steind01 106 107 106 106 106
steind02 220 228 220 220 220
steind03 1570 1771 1565 1567 1565
steind04 1936 | 2174 | 1935| 1935 1936
steind05 3252 | 3511 | 3250| 3250 3250
steind06 70 70 67 70 67
steind07 103 111 103 103 103
steind08 1092 | 1287 | 1073| 1078 1073
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steind09 1462 1773 1448 1450 1448
steind10 2113 | 2550 2111 2112 2113
steind11 29 29 29 30 29
steind12 42 44 42 42 42
steind13 510 643 502 502 507
steind14 675 851 671 667 674
steind15 1120 1437 1116 1117 1118
steind16 13 13 13 13 13
steind17 23 25 23 23 23
steind18 238 301 228 230 231
steind19 325 424 318 315 321
steind20 539 691 538 538 539

Bang 3.6. Két qua thuc nghiém thuat toan trén nhom do thi steine

Test Heu PD VNS TS HCSMT
steine01 111 111 111 111 111
steine02 214 214 214 216 214
steine03 4052 4570 4015 | 4018 4015
steine04 5114 5675 5101 | 5105 5101
steine05 8130 8976 8128 | 8128 8130
steine06 73 73 73 73 73
steineQ7 149 150 145 149 145
steine08 2686 3254 2648 | 2649 2648
steine09 3656 4474 3608 | 3605 3608
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steine10 5614 | 6847 5600 | 5602 5600
steinell 34 34 34 34 34
steinel2 68 68 67 68 68
steinel3 1312 1704 1292 1299 1312
steinel4 1752 2304 1735 1740 1735
steinel5 2792 3626 2784 2784 2799
steinel6 15 15 15 15 15
steinel7 26 27 25 25 25
steinel8 608 804 583 595 594
steinel9 788 1059 768 778 768
steine20 1349 1753 1342 | 1352 1342

Noi dung cua Bang 3.7 cho biét s6 lugng (SL) va phan trim (%: ty 1é phan

trdm trén tong sé bg di liéu) twong wng véi s6 lwong bo dir liéu cho chat luong loi

giai tot hon (ghi nhdn bdi ky hiéu "<") hoic cho chat lugng 16i giai twong duong

(ghi nhan béi ky hiéu "=") hoac cho chat lugng 1oi giai kém hon (ghi nhdn béi ky
hiéu ">") khi so sanh thuat toan HCSMT véi cac thuat toan: Heu, PD, VNS va TS.

Véi 20 bo dir liéu nhom steinc; thuat toan HCSMT cho chat lugng 10i giai tot

hon, trong duong, kém hon thuat toan Heu lan luot la: (35.0%, 65.0%, 0.0%) sb bo

dir liéu. Két qua so sanh thuat toan HCSMT véi thuat toan Heu trén cic nhom dix

liéu steind, steine ciing duoc thé hién chi tiét & Bang 3.7.

Bang 3.7. So sanh két qua thuat toan HCSMT véi cac thuat toan: Heu, PD, VNS va TS

So sanh chat lweng steinc steind steine Tong cong
cdcthudttodn | q) o5 |SL 9% |SL % |SL| %
HCSMT < Heu 7:35% | 10 50% | 11 55% | 28| 46.7%
HCSMT = Heu 13:65% | 10| 50% 8 40% | 31| 51.7%
HCSMT > Heu 0{ 0%| 0. 0%| 1, 5%| 1| 16%
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HCSMT < PD 15 75% | 18 90% | 14 70% | 47| 78.4%
HCSMT = PD 51 25% 2, 10%| 6 30%| 13| 21.6%
HCSMT > PD 0, 0%| O 0% | O 0%| O 0%
HCSMT < VNS 1/ 5% | O 0% | O 0% 1 1.7%
HCSMT = VNS 15, 75% | 12, 60% | 15| 75% | 42| 70.0%
HCSMT > VNS 4.20% | 8, 40% | 5 25% | 17| 28.3%
HCSMT < TS 1, 5% | 5 25% | 10, 50% | 16| 26.7%
HCSMT =TS 15} 75% 7, 35% | 6 30% | 28| 46.6%
HCSMT > TS 4:.20%| 8, 40%| 4 20%| 16| 26.7%

Pénh gia chung trén tong sé 60 bo dir lidu; thuat toan HCSMT cho chat luong
loi giai tt hon, twong dwong va kém hon thuat toan Heu lan luogt 1a: (46.7%, 51.7%,
1.6%) s6 bo dir liu; thuat toan HCSMT cho chit luong 1oi giai tét hon, tuwong
duong va kém hon thuat todn PD lan luot 13: (78.4%, 21.6%, 0.0%) s6 bo dir liéu;
thuat toan HCSMT cho chét lugng 1oi giai tot hon, twong duong va kém hon thuat
toan VNS lan luot 13: (1.7%, 70%, 28.3%) s6 bo dit liéu; thuat toan HCSMT cho
chat luong loi giai tot hon, twong duong va kém hon thuat toan TS lan luot la:
(26.7%, 46.6%, 26.7%) sb bo dir licu.

Két qua so sanh giita thuat toan HCSMT véi céc thuat toan: Heu, PD-Steiner,

VNS va TS trén tong s6 60 bo dir liéu dugc minh hoa bang biéu dé nhu Hinh 3.3.

So sanh giira cac thuat toan trén 60 bo dit liéu

100.0%
90.0%
80.0%
70.0%
60.0%
50.0% 46.7%
40.0%
30.0%
20.0%
10.0%

0.0%

78.4%
70.0%

51.7%

28.3%
21.6% | 261
1.6% . 0.0% 1.7% ‘ ‘ l

46.6%

26.7%

HCSMT so sanh v&i Heu HCSMT so sanh véi PD HCSMT so sanh v&i VNS HCSMT so sanh v&i TS

mTéthon mTuwong dwong Kém hon

Hinh 3.3. So sanh giira cac thuat toan trén 60 bo dit liéu
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Thoi gian tinh trung binh cua thuat toan HCSMT trén cac dd thi tng véi nhém
d6 thi steinc 1a 2.54 giay, trong ty véi nhém do thi steind 13 16.78 gidy, v6i nhom
d6 thi steine 12 214.81 gidy. Thoi gian chay cua thuat toan HCSMT néu trén, ciing

cung cap thém thong tin tham khao can thiét vé thuat toan nay.

DPoéng gop chinh cua luan 4n 1a da dé xuét cach thirc tim kiém 1an can két hop
véi tim kiém 1an can ngau nhién nham nang cao chat luong cua thuat toan. Luén an
da thuc nghiém thuat toan dé& xuat trén hé thdng gdm 60 bo dit liéu thuc nghiém
chuan. Két qua thuc nghiém cho thay rang, thuat toan HCSMT cho chat lugng loi
giai tot hon hodc bang hai thuat toan dang heuristic va cho chat luong loi giai tét
hon, bing, kém hon hai thuit toan dang metaheuristic tot hién biét trén mot s6 bo

dir liéu thuc nghiém chuan.

Két qua nghién ctru chinh thuat toan tim kiém leo ddi dugc nghién ciu sinh

cong bé tai Cong trinh [CT3].

3.8. PANH GIA CAC THUAT TOAN THONG QUA PQ PHUC TAP

Bang 3.8 ghi nhan két qua do phac tap thoi gian cua cac thuat toan
metaheuristic d& xuat. Thong qua bang nay ta thdy: Thuat toan Bees-Steiner c6 do
phtic tap thoi gian 16n nhat, thuat toan HCSMT c¢6 do phirc tap thoi gian nho nhat,

qua d6 cung cap thém thong tin vé tinh hidu qua cua cac thuat toan dé xuat.

Bang 3.8. B phuc tap thoi gian cua cac thuat toan

Thuat toan D¢ phirc tap thoi gian
Bees-Steiner O(N(Nlog(N) + V(hk1 + (p - h)kz + (N - p)ks))))
VNS O(N?(Elog(E)))

HCSMT O(N(Elog (E) + EV))
Cac thuat toan duoc xép theo do .
phirc tap thoi gian giam dan: Bees-Steiner, VNS, HCSMT
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Chu thich:
V: sé dinh cua dd thi G; E: sé canh cua dd thi G; h: s6 ca thé ciia nhom 1; p: tong sb
ca thé nhém 1 va nhém 2; k1, k2, k3: sb 1an thuc hién tim kiém 1an can ctia mdi c4 thé
trong cac nhém 1, 2, 3; N (thuat toan Bees-Steiner): s6 ca thé trong quan thé; N (trong
thuat toan VNS va HCSMT): s6 1an ldp dinh trude, dung lam diéu kién dung.

3.9. KET LUAN CHUONG 3

Trong chuong cudi nay, luan an da tap trung giai quyét cac van dé sau:

- Bé xuit duoc ba thuat toan metaheuristic giai bai toan SMT d6 1a: thuét toan
Bees-Steiner, thuat toan tim kiém 1an can bién d6i VNS va thuat toan tim kiém leo
d6i Hill climbing search (HCSMT). Ngoai ra, luan an ciing dé xuat thém 2 chién
lugce tim kiém 1an can: Tham lam va c6 xac suat, ddng thoi s dung chung trong
luge do thuat toan tim kiém 1an can bién d6i, nham nang cao hon nita chat luong loi

giai cho cac thuat toan metaheuristic.

- Céc thuat toan metaheuristic dé xuat méi duge cai dat thuc nghiém trén hé
théng dir lieu thuc nghiém chuan va so sanh hiéu qua Vvoi cac thuat toan
metaheuristic khac hién biét. Két qua cho thiy cac thuat toan metaheuristic dé xuat
méi cho chét lugng 10i giai tét hon cac thuat todn metaheuristic cong b trude do
trén mot s6 bo dir liéu. Chit lugng thuat toan metaheuristic phu thudc chu yéu vao

cac chién lugc tim kiém lan can.

Céc thuat todn metaheuristic ma luan an nghién ctru phat trién trong chuong
cubi nay, giup lam rd hon vé cac trudng hop bai toan Cay Steiner nho nhét c6 thé
giai dugc mot cach hiru hi¢u. Tu do, giup nang cao kha nang irng dung cua bai toan

SMT trong thuc tién noi chung va trong thiét ké hé thng mang noi riéng.
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KET LUAN

Bai toan CAy Steiner nho nhat 13 bai toan tdi wu to hop trén dd thi da duoc
chang minh thudc 16p NP-hard va khong thé giai trong thoi gian da thirc. Vi vay,
bai toan SMT ludn 1a thach thic I6n dbi véi cac nha khoa hoc, nham nghién ciru tim
ra loi giai hiéu qua nhat. Do 1a bai toan tdi vu nén luén mang tinh cap thiét va co gia
trj thuc tién cao, c6 rat nhiéu tng dung trong khoa hoc k¥ thuat néi chung, trong do
c6 thiét ké hé théng mang noi riéng. Hién tai, ¢6 rat nhiéu hudng tiép can giai bai
toan SMT, c6 thé chia thanh hai nhém nhu sau: Giai chinh xac, dbi véi nhiing bai
toan co kich thugc nho; va giai gan dung d6i véi nhimg bai toan c6 kich thudc 16n,
trong d6 c6 phat trién cac thuat toan heuristic va metaheuristic dé giai bai toan nay.
Vi vay bai toan SMT doi hoi phai duoc nghién cru mot cach da chiéu va toan dién.
Tur cac nghién ctru do, pham vi tng dung cua bai toan sé€ duoc chi ra mot cach ro

rang va cu thé hon trong thuc té.

Dua trén phuong phap nghién ciru dugc sir dung nhu thong qua mot s co s
Iy thuyét toan hoc, xay dung phat trién thuat toan va cai dit 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 déng gop chinh ciaa luin an

1.1. Pé xudt hai thudt toan heuristic méi giai bai todn Cdy Steiner nho nhat

trong triong hop do thi thwea, cu thé la:

- Déng gop thir nhat: D& xuat thuat toan heuristic PD-Steiner giai bai toan
SMT trong truong hop d6 thi thua. Thuat toan PD-Steiner duoc cai dat thuc nghiém
va danh gia hiéu qua so vai heuristic MST-Steiner [14] trén 98 bo dir liéu, két qua
cho thiy: Thuat toan PD-Steiner cho chat luong loi giai tt hon, bang, kém hon
thuat toan MST-Steiner lan luot 1a: (86.7%, 10.2%, 3.1%) s b dir liéu.



95

- Dong gdp thir hai: D& xuat thuat toan heuristic SPT-Steiner giai bai toan
SMT trong trudng hop dd thi thua. Thuat toan SPT-Steiner dwoc cai dat thuc
nghiém va danh gia hiéu qua so vai heuristic MST-Steiner [14] trén 98 bo dir ligu,
két qua cho thay: Thuat toan SPT-Steiner cho chét lwong loi giai tot hon, bang, kém
hon so voi thuat toan MST-Steiner lan luot 1a: (26.5%, 7.1%, 66.3%) s6 bo dir liéu.

1.2. Pé xudt hai thudt todn heuristic cdi tién gidi bai todn Cdy Steiner nhé

nhdt trong trieong hop do thi thira kich thieéc \6n 1én dén 100000 dinh, cu thé la:

- Déng gop thir ba: D& xuat thuat toan heuristic cai tién i-SPT-Steiner giai bai
toan SMT trong truong hop do thi thua kich thude Ion. Thuat toan i-SPT-Steiner
duogc cai dat thuc nghiém va danh gia hiéu qua so véi heuristic MST-Steiner [14]
trén 80 bo dir liéu, két qua cho thay: Thuat toan i-SPT-Steiner cho chat luong loi
giai tdt hon, tuong duong, kém hon thudt toan MST-Steiner 1a: (30.0%, 2.5%,
67.5%) s6 bo dir ligu.

- Pong gop thir tw: Dé xuat thuat toan heuristic cai tién i-PD-Steiner giai bai
toan SMT trong trudng hop do thi thua kich thudc 16n. Thuat toan i-PD-Steiner
duogc cai dat thuc nghiém va danh gia hiéu qua so véi heuristic MST-Steiner [14]
trén 80 bo dir liéu, két qua cho thay: Thuat toan i-PD-Steiner cho chét luong 10i giai
t6t hon, twong duong, kém hon thuat toan MST-Steiner 13: (97.5%, 2.5%, 0.0%) sb
bo dir liéu.

1.3. Pé xudt ba thudt todn metaheuristic dang cd thé, quan thé gidi bai todn

Cdy Steiner nhé nhat trong truong hop do thi thiea, cu thé la:

- Déng gop thir ndm: D& xuat thuat todn metaheuristic dang quan thé Bees-
Steiner giai bai toan SMT trong truong hop dd thi thua. Thuat toan Bees-Steiner
duogc cai dat thuc nghiém va danh gia hiéu qua so véi cac heuristic, metaheuristic
khac hién biét trén 38 bo dix liéu, két qua cho thay: Thuat toan Bees-Steiner cho chat
luong 161 giai tot hon, twong dwong va kém hon thuét toan MST-Steiner [14], SPT-
Steiner, PGA-Steiner [57] lan luot 1a: (86.8%, 13.2%, 0.0%), (86.8%, 13.2%, 0.0%),
(0.0%, 81.6%, 18.4%) sb bo dir liéu.
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- Déng gop thir sau: D& xuit thuat toan metaheuristic dang ca thé VNS giai bai
toan SMT trong truong hop dd thi thwa. Thuat toan VNS duoc cai dat thuc nghiém
va danh gia hiéu qua so véi cac heuristic, metaheuristic khac hién biét trén 78 bo di
lieu, két qua cho thay: Thuat toan VNS cho 1&i giai chat lwong tot hon, twong dwong
va kém hon thuat toan MST-Steiner [14], SPT-Steiner, PD-Steiner, Node-based
[69], Path-based [69] Ian luot 1a: (93.6%, 6.4%, 0.0%), (84.6%, 14.1%, 1.3%),
(76.9%, 21.8%, 1.3%), (7.5%, 70.0%, 22.5%), (20.0%. 72.5%, 7.5%) s6 bo dit liéu.

- Pong gop thir bdy: Pé xuat thuat toan metaheuristic dang ca thé Hill
Climbing Search (HCSMT) giai bai toan SMT trong trudng hop dd thi thua. Thuat
toan HCSMT duogc cai dat thuc nghiém va danh gia hiéu qua so vdi cac heuristic,
metaheuristic khac hién biét trén 60 bo dir liéu, két qua cho thiy: Thuat toan
HCSMT cho chét luong 16 giai tét hon, twong dwong va kém hon thuat toan Heu
[77], PD-Steiner, VNS, TS [15] lan luot 13: (46.7%, 51.7%, 1.6%), (78.4%, 21.6%,
0.0%), (1.7%, 70%, 28.3%), (26.7%, 46.6%, 26.7%) s6 bo dit liéu.

1.4. Pé xudt cdc chién luoc tim kiém lén cdn Sir dung trong lwoc do thudt todn
metaheuristic nham ndng cao hon nira hiéu qud cua thudt todn metaheuristic trong
viéc gidi bai toan Cady Steiner nhé nhdt.

- Pong gop thir tdm: Luan an nghién ctu chi tiét dic tinh cta cac thuat toan
metaheuristic trong viéc giai bai toan Cay Steiner nho nhat. Pong gbp méi cua luan
an 13 su tong hop céac thuat toan trén voi cac chién luoc tim kiém lan can trén co s
dic tinh cta bai toan Cay Steiner nho nhat. Hién tai, luan an 1a cong trinh dau tién
phat trién thuat toan metaheuristic dua trén lwgc dd cac thuat toan tién hoéa nhu:
Thuat toan bay ong co ban, thuat toan tim kiém leo ddi co ban dé giai bai toan Cay

Steiner nho nhat.

- Déng gop thir chin: Dya trén co s két qua thuc nghiém cac thuat toan duoc
phat trién, luan an dé& xuat huéng ap dung tirng thuat toan vao céac loai dd thi, cu thé
nhu sau: Ddi voi loai d6 thi thua kich thudc nho, nén chon cac thuit toan
metaheuristic dang c4 thé; voi cac do thi thua kich thudc 16n nén chon thuét toan

metaheuristic dang quan thé, hoic cac thuat toan heuristic. Qua d6 1am sau sic
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thém, phong pht hon viéc giai hiéu qua bai toan CAy Steiner nhé nhat va dinh

huéng tng dung cho thiét ké hé théng mang.

2. Nhitng ndi dung nghién ciru tiép theo

Hién nay, cac huéng tiép can giai chinh xac hoic giai gan dung bai toan Cay
Steiner nhé nhat n6i chung dang dugc cac nha khoa hoc, cac tap toan cong nghé 1on
quan tam, dau tu nghién ciru. Do 13 bai toan téi wu thudc 16p NP-hard, nén moi

phuong an mdéi dua ra c6 nhiéu vu diém va ngay cang hi¢u qua hon.

Theo hudng nay, trong thoi gian tiép téi luan an s& tiép tuc phat trién cac noi

dung sau:

- Tiép tuc phat trién moi cac chién luoc ting cudng hoa, da dang hoa 10 giai
(cac chién lugce tim kiém 14n can), 4p dung vao so do cac thuat toan dé xuat, nham
nang cao hon nita chat lugng 15i giai cho cac thuat toan.

- Tiép tuc cai tién cdu trac dit liéu, k¥ thuat I1ap trinh khi cai dat thuc nghiém
thuat toan vai hy vong rit ngin thoi gian chay cac thuat toan khi lam viéc véi céac
dd thi thua kich thuéc 16n (c& 100 000 dinh).

- Dua vao so do cac thudt toan dé xuat va cac thuat toan hién biét cua tac gia
khac, phat trién mot thuat toan méi dang metaheuristic giai quyét mot s6 bai toan
ciy khung truyén thong ti wu, hodc cac bai toan dinh tuyén trén d6 thi thudc l6p
NP-hard khac.

- Dua vao cac két qua nghién ctru dat duoc, xay dung mot phan mém ng
dung giai bai toan Cay Steiner nho nhat va ap dung két qua dat duoc vao thiét ké

mét hé théng mang cu thé trong thuc té.
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PHU LUC 1. HE THONG DU LIEU CHUAN
(Gém 78 do thi trong hé tho‘ng dit liéu thuc nghiém chucfn)

Phu lyc 1.1. Bang nhom céc d6 thi steinb

Test n m L
steinbl.txt 50 63 9
steinb2.txt 50 63 13
steinb3.txt 50 63 25
steinb4.txt 50 100 9
steinb5.txt 50 100 13
steinb6.txt 50 100 25
steinb7.txt 75 94 13
steinb8.txt 75 94 19
steinb9.txt 75 94 38
steinb10.txt 75 150 13
steinb11.txt 75 150 19
steinb12.txt 75 150 38
steinb13.txt 100 125 17
steinb14.txt 100 125 25
steinb15.txt 100 125 50
steinb16.txt 100 200 17
steinb17.txt 100 200 25
steinb18.txt 100 200 50
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Phu luc 1.2. Bang nhom cac db thi steinc

Test n m IL|
steincl.txt 500 625 5
steinc2.txt 500 625 10
steinc3.txt 500 625 83
steinc4.txt 500 625 125
steincb.txt 500 625 250
steinc6.txt 500 1000 5
steinc7.txt 500 1000 10
steinc8.txt 500 1000 83
steinc9.txt 500 1000 125

steinc10.txt 500 1000 250
steincll.txt 500 2500 5
steinc12.txt 500 2500 10
steinc13.txt 500 2500 83
steincl4.txt 500 2500 125
steinc15.txt 500 2500 250
steinc16.txt 500 12500 5
steincl7.txt 500 12500 10
steinc18.txt 500 12500 83
steinc19.txt 500 12500 125
steinc20.txt 500 12500 250
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Phu luc 1.3. Bang nhom cac db thi steind

Test n m IL|
steindl.txt 1000 1250 5
steind2.txt 1000 1250 10
steind3.txt 1000 1250 167
steind4.txt 1000 1250 250
steind5.txt 1000 1250 500
steind6.txt 1000 2000 5
steind7.txt 1000 2000 10
steind8.txt 1000 2000 167
steind9.txt 1000 2000 250
steind10.txt 1000 2000 500
steind11.txt 1000 5000 5
steind12.txt 1000 5000 10
steind13.txt 1000 5000 167
steind14.txt 1000 5000 250
steind15.txt 1000 5000 500
steind16.txt 1000 25000 5
steind17.txt 1000 25000 10
steind18.txt 1000 25000 167
steind19.txt 1000 25000 250
steind20.txt 1000 25000 500
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Phu luc 1.4. Bang nhom cac do thi steine

Test n m IL|
steinel.txt 2500 3125 5
steine2.txt 2500 3125 10
steine3.txt 2500 3125 417
steine4.txt 2500 3125 625
steineb.txt 2500 3125 1250
steine6.txt 2500 5000 5
steine7.txt 2500 5000 10
steine8.txt 2500 5000 417
steine9.txt 2500 5000 625

steinel0.txt 2500 5000 1250
steinell.txt 2500 12500 )
steinel2.txt 2500 12500 10
steinel3.txt | 2500 12500 417
steinel4.txt 2500 12500 625
steinel5.txt 2500 12500 1250
steinel6.txt 2500 62500 5
steinel7.txt 2500 62500 10
steinel8.txt | 2500 62500 417
steinel9.txt 2500 62500 625
steine20.txt 2500 62500 1250
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PHU LUC 2. HE THONG DU LIEU MO RONG
(Gom 80 dé thi thiea kich thude 16n)

Phu luc 2.1. Bang nhom cac db thi steinf

Test n m IL|
steinfl.ixt 10000 93750 10
steinf2.xt 10000 93750 20
steinf3.ixt 10000 93750 834

steinf4.uxt 10000 93750 1250

steinfS.ixt 10000 93750 2500

steinf6.uxt 10000 125000 10

steinf7.ixt 10000 125000 20

steinf8.uxt 10000 125000 834

steinf9.ixt 10000 125000 1250

steinf10.txt 10000 125000 2500

steinfll.ixt 10000 156250 10

steinfl2.ixt 10000 156250 20

steinf13.ixt 10000 156250 834

steinfl4.ixt 10000 156250 1250

steinf15.uxt 10000 156250 2500

steinfl16.txt 10000 187500 10

steinf17.ixt 10000 187500 20

steinf18.ixt 10000 187500 834

steinf19.ixt 10000 187500 1250

steinf20.ixt 10000 187500 2500
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Phu luc 2.2. Bang nhom cac d thi steing

Test n m IL|
steingl.txt 20000 215000 15
steing2.txt 20000 215000 25
steing3.txt 20000 215000 950
steing4.txt 20000 215000 1750
steing5.txt 20000 215000 3780
steing6.txt 20000 275000 15
steing7.txt 20000 275000 25
steing8.txt 20000 275000 950
steing9.txt 20000 275000 1750
steing10.txt 20000 275000 3780
steingll.txt 20000 385000 15
steing12.txt 20000 385000 25
steing13.txt 20000 385000 950
steingl4.txt 20000 385000 1750
steingl15.txt 20000 385000 3780
steing16.txt 20000 447500 15
steingl7.txt 20000 447500 25
steingl18.txt 20000 447500 950
steing19.txt 20000 447500 1750
steing20.txt 20000 447500 3780
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Phu luc 2.3. Bang nhom cac d thi steinh

Test n m IL|
steinhl.txt 50000 425000 15
steinh2.txt 50000 425000 25
steinh3.txt 50000 425000 950
steinh4.txt 50000 425000 1750
steinh5.txt 50000 425000 3780
steinh6.txt 50000 475000 15
steinh7.txt 50000 475000 25
steinh8.txt 50000 475000 950
steinh9.txt 50000 475000 1750
steinh10.txt 50000 475000 3780
steinh11.txt 50000 528000 15
steinh12.txt 50000 528000 25
steinh13.txt 50000 528000 950
steinh14.txt 50000 528000 1750
steinh15.txt 50000 528000 3780
steinh16.txt 50000 587500 15
steinh17.txt 50000 587500 25
steinh18.txt 50000 587500 950
steinh19.txt 50000 587500 1750
steinh20.txt 50000 587500 3780
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Phu luc 2.4. Bang nhom cac do thi steini

Test n m IL|
steinil.txt 100000 125000 25
steini2.txt 100000 125000 45
steini3.txt 100000 125000 1250
steini4.txt 100000 125000 2450
steini5.txt 100000 125000 4500
steini6.txt 100000 200000 25
steini7.txt 100000 200000 45
steini8.txt 100000 200000 1250
steini9.txt 100000 200000 2450
steinil0.txt 100000 200000 4500
steinill.txt 100000 500000 25
steinil2.txt 100000 500000 45
steinil3.txt 100000 500000 1250
steinil4.txt 100000 500000 2450
steinil5.txt 100000 500000 4500
steinil6.txt 100000 2500000 25
steinil7.txt 100000 2500000 45
steinil8.txt 100000 2500000 1250
steini19.txt 100000 2500000 2450
steini20.txt 100000 2500000 4500




