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TOM TAT— Cdy Steiner nhé nhat (Steiner Minimal Tree - SMT) la bai todn 16i wu t6 hop ¢6 nhiéu ung dung quan trong trong khoa
hoc va ky thudt; day la bai todn thugc I6p NP-hard va hién dang dwoc nghién citu rong rdi. Cac tiép cdn gidi bai todn SMT - du 1a
gidi ding hay gidi gan diing - thi cong doan rit gon do thi la rat quan trong; céng doan nay cang ¢d y nghia doi véi cac tiép cdn
giai dung bai toan SMT. Trong hang chuc nam qua, da cé hang loat thudt todn rut gon do thi cho bai toan SMT da duoc cong bo;
cac ket qud nay da ho iro tich cuc cho viéc gidi bai todn SMT vdi kich thude l6n hon. Bai bdo nay dé xuat thudt todn rit gon do thi
cho bai toan SMT va két qud thuc nghiém la thong tin hitu ich cho viée nghién citu cdc thudt toan giai diing ciing nhu cdc thudt todn
gidi gan dung cho bai toan SMT.
Tir khéa— Steiner minimal tree, graph reduction, branch and bound algorithm, exact algorithms for steiner minimal tree.

I. GIOI THIEU
A. Mpt s6 dinh nghia

Cho n diém Py,P,,...,P,. Gia sir can tim mdt mang giao thong nbi k diém (trong s n diém da cho) v6i nhau,
mang giao thong nay c6 thé sir dung thém mot s6 diém khac - cung trong s6 n diém da cho va ngoai k diém da chon -
sao cho tong do dai cua cac doan thang nbi cac diém 1a nho nhat; day 1a bai todn cay Steiner nho nhat. Muc nay bai bao
s& trinh bay mét s6 dinh nghia va tinh chat lién quan.

Pinh nghia 1. Cy Steiner [2]

Cho G = (V(G), E(G)) 1a mot don d6 thi vo hudng lién théng va c6 trong sé khdng am trén canh; trong d6 V(G)
la tap gdm n dinh, E(G) la tap gdm m canh, w(e) 14 trong sb cuia canh e, e € E(G). Cho Y 1a tap con cac dinh cta V(G),
cay T di qua tat ca cac dinh trong Y dugc goi la ciy Steiner ctia Y.

Tap Y duoc goi la tap terminal, cac dinh thudc tip Y dugc goi 1a cac dinh terminal, cac dinh thudc cay T ma
khong thudce tép Y dugc goi la cac dinh Steiner. Khac voi cac bai toan cdy khung, cdy Steiner chi can di qua tat ca cac
dinh thugc tap terminal Y va c6 thé thém mot s dinh khac nira thude tap V(G).

Dinh nghia 2. Chi phi cay Steiner [2]

Cho T = (V(T), E(T)) 1a mot cay Steiner cua db thi G, chi phi caa cay T, ky hiéu 14 C(T), 1a tdng trong s6 cua cac
canh thugc cay T, tac 1a C(T) = Yeepry w(e).

Pinh nghia 3. Cdy Steiner nho nhat [2]

Cho d6 thi G duge mo ta nhu trén, bai toan tim cay Steiner ¢6 chi phi nho nhéat dugc goi 1a bai toan cay Steiner
nho nhat (Steiner Minimal Trees problem — SMT).

SMT 1a bai toan t6i wu t hop trén ly thuyét do thi. Trong truong hop tong quét, SMT da dugc chimg minh la bai
toan thugc 16p bai toan NP-hard [16,18]. C6 hai truong hop déc biét doi véi bai todn SMT c6 the giai dugc bang thoi
gian da thuc; d6 la khi Y=V(G) va khi [Y|=2 (|Y| 1a ky hi¢u s6 lwong dinh cua tap Y): Khi Y=V thi bai toan SMT c6 thé
giai bang cac thuat toan tim cdy khung nho nhét; ching han nhu cé&c thuat toan Prim, Kruskal; khi |Y|=2 thi bai toan
SMT c6 thé giai dugc bang cac thuat toan tim dudng di ngin nhat gitra hai dinh; ching han thuét toan Dijkstra (dé ngin
gon, trong bai bdo nay tir do thi s& dugc hiéu la don d6 thi, vo hudng, lién thong, co6 trong s6 khong am).

Vi du:

Cho mét dd thi G c6 9 dinh va 10 canh nhu hinh v& 1 va tap Y={2,8,9}.

~ o~

Hinh 1. B thi v6 hudng lién théng co trong s6 G
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Khi d6 cay Steiner nho nhat tim dwoc (mg vai tap Y trén dd thi G 14 T ¢ V(T)={2,3,4,6,8,9} va E(T) = {(2,3),
(3,4), (4,6), (4,8), (6,9)} nhu dugc minh hoa & hinh v€ 2; T ¢6 tap dinh Steiner 1a {3,4,6} va c6 chi phi la 25.
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Hinh 2. Cay Steiner nho nhat cia tap Y trén do thi G
Pinh ly. Dinh Iy vé sé dinh Steiner [30]
Cho d6 thi G va tap terminal Y, cay Steiner T caa Y ¢6 p dinh thi s6 dinh Steiner ctia T khong vuot qua p—2.

Tiép theo chling tdi dua ra cac khai niém vé canh cau Steiner Va do thi rit gon Steiner dé dién dat cho c&c néi
dung ¢ phan tiép theo.

Pinh nghia 4. Canh cau Steiner

Cho d6 thi G va tap terminal Y, canh e,, duoc goi 1a canh cau Steiner cua G néu khi loai canh e, thi tap céc dinh
terminal Y khéng cung thugc vé mot thanh phan lién théng.

Pinh nghia 5. Do thi rit gon Steiner

Cho @b thi G va tap terminal Y, G’ dwoc goi la dd thi rat gon Steiner cia G néu sé dinh va sb canh cua G’ nho
hon hoac biang s6 dinh va s6 canh cua G va trong G’ ton tai it nhat mot SMT g véi tap terminal Y cia d6 thi G.

B. Ung dung ciia bai todn SMT

~ Bai toan SMT c6 thé dugc tim théy trong céc ing dung quan trong trong cac linh vuc khoa hoc va ky thudt;
chang han nhu bai toan thiet k€ mang truyen thong [2], bai toan dinh tuyén trong VLSI [2, 8], cac bai todn lién quan den
hé thong mang véi chi phi nho nhat [7, 32],...

C. Mt s6 nghién ciru lién quan bai toan SMT va vin dé ddt ra cn gidi quyét

Do c6 tinh khoa hoc va tinh ing dung rong rai, bai toan SMT da thu hat duge sy quan tAm nghién ctru lién tyc,
sdu rong cua nhiéu nha khoa hoc trén thé gidi trong hang chuc nim qua. Cac mé hinh cua bai toan ciy Steiner nhu bai
toan Steiner v6i khoang cach Euclide (Euclidean Steiner Tree problem) [29], bai toan Steiner véi khoang cach chir nhat
(Rectilinear Steiner Tree problem) [14], bai toan Steiner cho d6 thi v hudng,... Hién tai di c6 hang loat thudt toan giai
bai toan SMT duoc dé xuat va c6 thé chia chung 1am bdn huéng tiép can sau [3, 17, 19, 22]:

Huéng thir nhat 13 cac thuat toan tim 161 giai dang. Ching han thuat toan quy hoach dong cia Dreyfus va
Wagner [24], thuét toan dua trén phép ndi 1ong lagrange cia Beasley [13], thuét toan nhanh cén cta Koch va Martin
[28],... Uu diém ciia hudng tiép can nay la tim dugc 10i gidi chinh xac, nhugc diém ciia hudng tiép can nay la chi giai
dugc cac bai toan co kich thudc nho. Hudng tiép cin nay 1a co so quan trong dé danh gia mirc do chinh xéac cia cac
thuat toan giai gan dung. Viéc giai ding bai toan SMT thyc sy 1a mot thach thirc 16n trong 1y thuyét tdi uu to hop [4, 6,
21, 23, 26, 31].

Huong thir hai 1a cic thuat toan tim 10i giai gan dung cén ti 18. Uu diém cua cac thuat toan nay 1a ¢6 sy dam bao
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vé mit toan hoc theo nghia 101 giai tim dugc gﬁn ding mot can ti 1€ o nao do so voi loi gidi toi wu, nhugce diém cua
thuét toan nay 1a can ti 16 tim dwoc cia nhiéu thuit toan d& xuit trong thuc té thudng 12 kém hon rat nhidu so véi chat
luong 101 giai tim duoc boi nhiéu thudt toan gén dung khac dua trén thye nghiém. Thudt toan MST-Steiner ¢o6 can ti 1€ 2
(MST-Minimum Spanning Trees) [2], thuat toan Zelikovsky-Steiner co can ti 1& 11/6 [2] 1a cac thuat toan dién hinh cua
hudng tiép can nay [12].

Huréng thir ba 13 cic thuat toan heuristic. Thuat toan heuristic chi nhiing kinh nghiém riéng biét dé tim kiém 1oi
giai cho mot bai toan t6i wu cu thé. Thuat toan heuristic thudng tim dwoc 10i giai c6 thé chap nhan duoc trong thoi gian
cho phép nhung khong chéc do 1a 1oi giai t6t nhat; tham chi cac thuat toan heuristic khong chéc hiéu qua trén moi loai
dir liéu dbi voi mot bai toan cu thé. Uu diém cua cac thuat toan heuristic 1a cho thoi gian chay nhanh. Cac thuat toan
Floyd tim dudng di ngin nhét gitra moi cip dinh cua do thi, cac thuat toan Kruskal, thuat toan Prim dé tim cay khung
nho nhét cua d6 thi, thuat toan Distance Network Heuristic cua Kou, Markowsky va Berman [15],... ¢ thé duoc xem
la cac heuristic cho bai toAn SMT; tuy nhién chi phi tim dugc cac heuristic nay khong hiéu qua bang cac thuat toan
metaheuristic trong viéc giai bai toan SMT [27].
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Huong thir tu 1a cac thuat toan metaheuristic. Thuét toan metaheuristic st dung nhiéu heuristic két hop véi cac
k¥ thuat phu trg nhim khai pha khong gian tim kiém; metaheuristic thugc 16p cac thuat toan tim kiém t6i uu. Hién da
¢6 nhiéu cong trinh s dung thuat toan metaheuristic gidi bai toan SMT; chang han nhu thuét toan tim kiém tabu [5],
thuat toan di truyen [1], thuat toan di truyen song song [29],.... Cho dén hién tai, hudng tiép can metaheuristic cho két
qué tot nhat trong s cac thuat toan giai gan ding.

Bai toan SMT c6 hé thong dir liéu thyc nghiém chuan [10] va nhiéu cong bd lién quan da tién hanh thyc nghiém
trén h¢ thong dir liéu nay. Céc do thi trong h¢ thong dir liéu nay co6 t6i da 1a 2500 dinh, 62500 canh. Mot sO cong trinh
da cong bd két qua thyc nghiém trén cac bd dit liéu chuan nay [2, 28].

Rut gon a“‘d thi 1a mot trong nhirng chu deé nghién ctru lién quan dén bai toan SMT hién nay. Hau hét cac do thi
gap trong thuc té tng dung 1a d6 thi thua. Mot s6 cong trinh lién quan bai toan SMT di trinh bay cac k¥ thuat nham
giam thiéu kich thudc ciia d6 thi; chang han cong trinh cua Jeffrey H.Kingston va Nicholas Paul Sheppard [11], cong
trinh ciia Thorsten Koch, Alexander Martin [28],...Trong bai bdo niy, chung t6i d& xuat mot thuat toan rit gon do thi
cho giai bai toan SMT; ching t6i thuc nghiém céc thuit todn nay véi 18 bo dit liu duge lay trong hé thong dir liéu thuc
nghiém chuin. D& xuit nay c6 thé xem 1a mot bude tién xir Iy quan trong trong viéc giai bai toan SMT.

Il. THUAT TOAN RUT GON PO THI CHO BAI TOAN CAY STEINER

Trong phén nay, trugc hét ching toi dé xuit mot thuat toan rat gon d6 thi cho bai toan SMT dua trén mot s6 bai
toan va tinh chét kinh dién cta 1y thuyét o thi nhu duong di ngan nhat (tinh chat 1), canh cau Steiner (tinh chét 2),
phdn rd do thi (tinh chat 3). Ciing trong phan nay, chung t6i dé xuit thut to4n nhanh c4n va hai thuat toan heuristic
giai bai toan SMT.

A. Mpt 6 tinh chit rit gon dé thi

Cho d6 thi G va tap terminal Y nhu dinh nghia 1, ¥ tuong chung cua cac tinh chat nham rat gon do thi 1a lam gia
tang cac dinh cho tap terminal (cic dinh nay s& thudc vé cdy Steiner nho nhat can tim) Va logi b6 cac dinh ciia d6 thi
ma no chic chin khong thudc vé cdy Steiner nho nhat can tim; nghia 14 khi d6 ciing da xac dinh dwgc cac canh ké véi
né can loai bo. Tuong tu, viéc gia tang cac dinh cho tap terminal con co thé duoc thuc hién qua viéc xac dinh mot canh
nao d6 cua dd thi phai thudc vé cay Steiner nhé nhit cin tim (nghia 1a hai dinh k& cia canh d6 phai thudc vé tap
terminal). Céc tinh chat rat gon do thi ciing tap trung vao viéc logi b6 mot canh nao d6 cua dd thi ma nd chéc chin
khong thudc cay Steiner nho nhit can tim. Chét lugng cac thudt toan giai bai todn SMT phu thudc vao d6 16n cia hé sb

—|Y|; do vay muc dich ciia cac thuat toan rut gon do thi 1a lam giam thiéu t6i da hé s n—|Y|.

Dé thuan tién cho viéc md ta cac thudt toan bang ngdn ngir ma gia, ching t6i s& dinh nghia hai mang mot chiéu
edge_select va vertex_select dé danh diu mét canh hodc mét dinh nao d6 c6 thudc vé cay Steiner nho nhét can tim hay
khong. Cac bién mang cua do thi ban dau duoc khoi tao nhu sau: edge_select[e]=1, Ve e E(G) va vertex_select [u]=1,
Vu € V(G). Khi xac dinh mdt canh hodc mét dinh nao do chic chian khong thudc vé cay Steiner nho nhat can tim thi
céc bién mang nay s& duoc gén bang gié tri 0.

1. Tinh chdt 1 (Shortest Paths - SP)

Cho db thi G va tap terminal Y, dinh x ¢ Y va x khdng nam trén it nhit mot duong di ngin nhat (Shortest Path) nao ndi
hai dinh u, v vi moi u, v e Y thi dinh x va cc canh ké vai dinh x s& khéng thuoc vé SMT can tim.

Poan ma gia cho tinh chit nay dugc minh hoa nhu sau (goi 1a thuat toan SP):

Cho mang mét chiéu visit[u], dat visit[u]=0, Yu e V(G);

2. Tim ma tran khoang céch (d) va ma tran duong di (p) gitra moi cap dinh u, veV(G) (s dung thuét toan
Floyd [25]);

3. for (Vu,v €Y)

4 Duya vao ma tran duong di (p), danh ddu cac dinh thugc vé duong di ngén nhat ndi u, v; tic visit[z]=1

véi moi dinh z thude duong di do;

5. for (Vu eV(G))

6. if (u g Yvavisitiu] =0)

7. vertex_select[u]=0; // nghia la x4c dinh dugc dinh u khong thuoc vé SMT can tim

8

9

1

=

for (e, € E(G))
. if (vertex_select[u]=0 hoac vertex_select[v]=0) . .
0. edge_select[e,,]=0; / nghia la xac dinh dugc cac canh khoéng thudc vé SMT can tim

Thuat toan rit gon do thi SP c6 do phtrc tap thoi gian tinh 1a O(n®); déy ciing 1a d6 phirc tap thoi gian tinh cia
thuat toan Floyd (dong thu 2).

Hang loat tinh chit rat gon dd thi khac da dugc bao ham trong tinh chat 1; ching han cé4c tinh chat “Canh ké véi
mot dinh treo khong thudc tap terminal Y cua dd thi G déu khong thudc vé SMT can tim”, “Canh e=(u,v) ké véi dinh
treo u, ma u thudc tap terminal Y thi v ciing thudc terminal Y”, “Néu G c6 canh cau e; khi d6 G duoc tach thanh hai
thanh phan lién thong theo canh ciu e va néu thanh phan lién théng ndo khéng chira it nhdt mot dinh nao thudc tap



Phan T4n Quéc 641

terminal Y thi tat ca cac dinh thudc thanh phan lién thong d6 déu khong thudc vé SMT can tim”, “Xét timg bd ba canh
ctia d6 thi G doi mot chung dinh, néu mot canh c6 trong sé 16n hon tong trong sb ctia hai canh con lai thi canh d6
khong thudc vé SMT can tim”, “Mot duong di (p) nbi hai dinh u,v ma khong di qua mot dinh terminal nao va néu téng
trong 50 cac canh trén duong di (p) 16n hon w,, thi cac dinh thudc (p) s& khong thudce Ve SMT can tim; nguoc lai, néu
tong trong sd cac canh trén duong di (p) nhé hon Wy, thi canh (u,v) khong thudc vé SMT can tim”,.

2. Tinh chdt 2 (Bridge Steiner-BS)
Cho d6 thi G va tap terminal Y. Cac dinh ké véi cac canh ciu Steiner (dinh nghia 4 & trén) déu thuoc vé SMT can tim.
Poan mé gia cho tinh chét nay dwoc minh hoa nhu sau (goi 1a thuat toan BS):
1. for (Vey € E(G))
2. if (ey la canh cau Steiner) {
3 if(ugy)
4, Y=Y U u;
5 if(veY)
6 Y=Y UV,
7.}
Thuét toan rit gon dd thi BS c6 d6 phirc tap thoi gian tinh 1a O(mn]|Y|).
3. Tinh chdt 3 (Decomposition Graph-DG)
Cho d6 thi G va tap terminal Y. G duoc tach thanh céc thanh phan lién thong theo céc canh cau Steiner thi khi d6 SMT
can tim 12 hop thanh cua cac canh cau steiner va cua cac cay steiner nho nhat tim duoc wng véi mdi thanh phan lién
thong twong ng.
Doan ma gia cho tinh chit nay dugc minh hoa nhu sau (goi la thuat toan DG):
1. Tim cac canh cAu Steiner cua do thi G; gia su do 1a eq,e,,...,ey
2. Phan rd G thanh k+1 thanh phén lién thong G1,Gs,...,Gy:1 (MAi thanh phén lién thong G; s€ xac dinh dugc
mot SMT tuong Ung; gia sit d6 1 SMTy, SMTa,..., SMTy; khi d6 SMT cin tim ciia d6 thi la
Uiz1.k €Y Uiz1.k41 SMT)).
Thuat toan rit gon d6 thi DG c¢6 do phirc tap thoi gian tinh 1a O(nm).
Tiép theo, bai bdo s& dé xuat mdt thuat toan rit gon do thi c6 tén 1a SP-BS cho bai toan SMT; SP-BS sir dung céc
thuét toan SP va BS twong (rng vdi tinh chat 1 va tinh chat 2.
B. Thudt todn rit gon do thi SP-BS

Input: D6 thi G va tap terminal Y;

Output: D4 thi sau rat gon;

1. condition_loop=1,;

2. k=n_terminal; // n_terminal 12 s dinh cia tap terminal
3. while (condition_loop){

4. condition_loop=0;

5. SP(); // cap nhat do thi G; cap nhat tap terminal
6. BS(); // cap nhat dd thi G; cap nhat tap terminal
7. if (n_terminal>k){

8. k=n_terminal,

9. condition_loop=1,;

10. }

11. }

C. Thudt todn rit gon do thi SP-DG

Ttr tinh chit 3, chung t6i dé xuit mot thuat toan khac cho két qua twong dwong véi thuat toan SP-BS trén; va goi
la thuét toan SP-DG; thuét toan SP-DG duoc cho thuc hién thuét toan SP trudc va tiép theo 1a DG.

Céc thuat toan SP-BS va SP-DG twong duong theo nghia ¢ hiéu sb n-|Y| nhu nhau; & day, hidu s6 n-|Y| cta SP-
DG dugc chon 1a s6 n-|Y| 16n nhét trong s6 cac do thi thu duge sau phép tach. R rang di ¢6 n-|Y| nhu nhau; nhung cac
d6 thi thu dwoc bang thuat toan SP-DG sé& thuan lgi hon trong viéc tim kiém SMT nho nhét tuong tng (diéu nay da thé
hién qua cac thyc nghiém dugc chiing toi trinh bay chi tiét & ph?m tiép theo); dic biét la d6i voi cac thuat toan tiép can
theo hudng tim 101 giai dung.
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THU'C NGHIEM VA PANH GIA
Phan nay trinh bay thuc nghiém thuat toan rat gon do thi va mot s6 thuat toan tim ciy Steiner nho nht.
A. D ligu thwe nghiém

Chung t6i sir dung tong cong 18 bo dit lidu db thi thua trong hé thng dir liéu thuc nghiém chuin cho bai toan
cay Steiner: URL http://people.brunel.ac.uk/~mastjjb/jeb/orlib/steininfo.html [10]. Thong tin chi tiét vé 18 bo dir lidu
nay dugc trinh bay ¢ bang 1; trong do6 cac cot lan lugt ghi cic thong tin vé tén tap tin trong hé théng dir liéu thyc
nghiém chudn, s6 dinh, sb canh va s dinh thudc tap terminal cua timg dd thi (cac db thi nay goi 1a cac dd thi goc cac
db thi steincl, steind1, steinel goi 1a cac do thi ¢ kich thudc 16n); trong sd cta cac canh 1a cac sd nguyén ngau nhién
trong pham vi [1..10].

Bang 1. Thong tin cdc bo dir liéu thue nghiém [10]

Test Original problem

n m M
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
steincl.txt 500 625 5
steind1.txt 1000 1250 5
steinel.txt 2500 3125 5

B. MOi truwong thuc nghié¢m
Cac thuit toan dugc cai dat bﬁpg ngodn nglr C++ st dung moi truong DEV C++ 5.9.2, CPU(2) Intel(R) Xeon(R)
E5- 2660 2.20GHz, RAM 8GB, h¢ dieu hanh Windows 10, 64 bit.
C. Két qud thwce nghiém va ddnh gid
1. Chat lwong cac thudt toan
Két qua thuc nghiém cac thudt toan rat gon dd thi SP, SP-BS, SP-DG trén 18 b0 dit liéu duoc ghi nhén chi tiét &

bang 2; thong tin vé moi thudt todn duoc ghi nhan ¢ mdi ba cot n, m, Y|, reduced lan luot ing véi s dinh cua do thi,
s6 canh ctia db thi, sb dinh terminal cua dd thi sau rat gon va ti 18 rat gon dugc cua thudt toan d6. Ti 18 nay dwoc tinh

theo cong thuc 1 — il
no—|Yol

Cot b trong thuét toan SP-DG la s6 canh cau Steiner sau khi phén ra dd th.

; trong d6 tir sb 1a thong tin cua dd thi sau rat gon, mau sb 1a thong tin ing voi d6 thi gde.

Duya vao két qua ¢ bang 2, ta c6 mot s6 danh gia sau:

Thuat toan rat gon do thi SP, cac do thi 50 dinh ¢6 hé s n—|Y| giam xudng khong it hon 16%, cac do thi 75 dinh
¢6 hé sb n—|Y| giam xudng khong it hon 11%, cac d6 thi 100 dinh c6 hé sb n—|Y| giam xudng khong it hon 36% va véi
cac do thi ¢6 kich thudc 16n c6 hé s6 n—|Y| giam xudng khong it hon 95%.

Thuat toan rat gon do thi SP-BS cho két qua tot hon SP; trong d6 cac do thi 50 dinh c6 hé s6 n—|Y| giam xudng
khong it hon 24%, cac d6 thi 75 dinh c6 hé s n—|Y| giam xudng khong it hon 50%, cac do thi 100 dinh c6 hé sb n—|Y|
giam xubng khong it hon 50% va véi cac do thi co kich thudc 16n ¢6 hé sé n—|Y| giam xudng khéng it hon 96%.

Thuét toan rat gon dd thi SP-DG cho két qua twong dwong véi thuat toan SP-BS (dy 1a 1y do chung t6i xem hai
thudt toan nay nhu la mot dong gop).
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Bang 2. Két qua thyuc nghiém céc thuét toan SP, SP-BS, SP-DG

Test SP SP-BS SP-DG

n | |Y] | reduced | n m | |Y| | reduced | n m | [Y] | b | reduced
steinbl 25| 9 61% | 25| 30| 17 80% [ 16| 21| 8| 9 80%
steinb2 28 | 13 59% | 28 | 34| 18 73% [ 21| 27| 11| 7 73%
steinb3 41 | 25 36% | 41| 52| 30 56% | 27| 38| 16| 14 56%
steinb4 31| 9 46% | 31| 57| 10 49% |30 56| 9| 1 49%
steinb5 32| 13 49% | 32| 56| 14 51% | 31| 55| 13| 1 51%
steinb6 46 | 25 16% | 46 | 92 | 27 24% | 43| 89| 24| 3 24%
steinb? 39| 13 58% | 39| 47| 20 69% [ 30| 38| 11| 9 69%
steinb8 371 19 68% | 37| 47| 21 71% | 31| 41|15| 6 71%
steinb9 62 | 38 35% | 62| 81| 45 54% | 46 | 65| 29 | 16 54%
steinb10 | 49 | 13 42% | 49 | 86| 16 47% | 46| 83| 13| 3 47%
steinbll | 44 | 19 55% | 44| 71| 20 57% [ 43| 70| 19| 1 57%
steinbl2 | 71 | 38 11% | 71 | 142 | 40 16% | 68 | 139 | 37 | 3 16%
steinb13 | 56 | 17 53% | 55| 71| 22 60% | 47| 63| 14| 8 60%
steinbl4 | 70 | 25 40% | 70 | 93| 35 53% [ 56 | 79| 21|14 53%
steinbl5 | 82 | 50 36% | 82 | 107 | 57 50% | 66 | 91| 41| 16 50%
steincl 32| 5 95% | 32| 36| 10 9%6% [ 27| 31| 5| 5 96%
steindl1 43| 5 96% | 43| 48| 11 97% | 37| 42| 5| 6 97%
steinel 491 5 98% | 49| 53| 8 98% [ 46| 50| 5] 3 98%

2. Hinh vé minh hoa chat lwong cdc thudt toan

Hinh v& 3 minh hoa muc d¢ rut gon dd thi cua cac thuat toan SP, SP-BS, SP-DG (dua trén thong tin cac cft
reduced cua cac thuat toan ¢ bang 2).

Minh hoa mdc do rat gon cda cac thuat toan d6i voi do thi ban dau

120%
o 96% 97%
o 80% T
BO% o 69% — o 95% 36%
0%
6% h B ’.\ -~ AT% -
61% ) e ™

Steinbl Steinbd Steinb?

3P SP-B5 = ge= SP-DG

Stenbld Stenbl3 Steincl Steindl Stenel

Hinh 3. Minh hoa mtc d6 rat gon dugc cua cac thuat toan SP, SP-BS, SP-DG
KET LUAN

Bai b4o nay d& xuit mot thuat toan rat gon dd thi cho bai todn SMT; dé xuit nay di dwoc thuc nghiém trén mot
s6 bo dit liéu 14 d6 thi thua trong hé théng dir lidu thue nghiém chuén. Thudt toan rat gon dd thi d& xuét c6 hidu qua rit
gon 1én dén 98% d6i v6i mot s6 @6 thi 16n. Bai bao nay khong nhim muc dich dua ra mot thuat toan rat gon do thi tot
hon céc thuét toan rat gon dd thi hién biét (1a vin d& kho khin); ma chi nhim bd sung thém mot cach thirc méi dé rat
gon db thi; cang nhiéu cach thirc rat gon thi khd nang rat gon s6 canh va sb dinh cho bai todn SMT cang cao. Thuét
toan rut gon do thi d¢ xut cung véi két qua thyc nghiém cua bai bao nay 1a thong tin hitu ich cho cac tiép can giai
dung va giai gan dung bai toan SMT. Trong thyuc té, v6i cac tiép can giai gan dung bai toan SMT, chi can vai thuat toan
rut gon tdt thi do thi s€ dugc rat gon dang ké va do d6 chét lugng cua thuat toan s& dugc nang Ién.
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ON GRAPH REDUCTIONS FOR THE STEINER MINIMAL TREE
PROBLEM

Phan Tan Quoc

ABSTRACT—Steiner Minimal Tree (SMT) is a combinatorial optimization problem that has many important applications in
science and engineering; the SMT problem is proved to be NP-hard and is currently being extensively research. For the approach in
solving the SMT problem - whether it is the exact or approximate algorithms - the graph reduction stage is very important; it is
especially meaningful for the exact algorithms of the SMT problem. Over the years, many graph reduction methods to the problem
of SMT have been published; these are positive support for the resolution of SMT problems with the graph of larger size. This paper
proposes a graph reduction algorithm for SMT problem and the experimental results are useful information for the study of the
exact algorithms and approximate algorithms solutions to the SMT problem.



