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THUAT TOAN NHANH CAN GIAI MT SO BAI
TOAN TOI UU LIEN QUAN DEN CHU TRINH HAMILTON DUA
TREN BAI TOAN TSP

Ng6 Thiay Ngan
Truwong Dai hoc Thu do Ha Noi

Tém tit: Bai todn Nguoi du lich (TSP) la mot bai todn téi wu té hop quan trong, yéu cau
tim chu trinh ngdn nhat di qua tat ca cac dinh diing mét lan. Do thuéc nhém NP-khé, TSP
doi héi cdc phuwong phdp gidi manh d@é tim 16i gidi toi wu. Thudt todn nhanh cdn (Branch
and Bound — BnB) la mét cdch tiép cdn hiéu qua cho bai todn ndy. BnB chia nhé khéng
gian tim kiém, tinh cdn dudi cho timg nhdnh va logi bo cdc nhdnh khéng kha thi, giiip giam
6 phép thik so véi quay lui truyén thong. Bdi viét trinh bay chi tiét cdch dp dung BnB vdo
TSP, bao gom md td thudt todn, vi du minh hoa va danh gia thiee nghiém. Két qua cho thdy
BnB hoat dgng tot véi bdi todn co’ quy mo nho va viea, nhung thoi gian xw ly tang nhanh khi
s6 lu’ong dinh I6n. Tac gida dé xudt két hop BnB véi cdc phwong phap heuristic va toi wu lieu
trit dé ndng cao hiéu qua khi gidi cdc bai todn TSP 1ém trong thuc té.
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1. PAT VAN PE

Trong linh vuc t6i wu td hop, Chu trinh Hamilton va bai toan Ngudi du llch (Traveling
Salesman Problem - TSP) 1 hai bai toan quan trong c6 nhiéu tng dung thuc té trong khoa
hoc may tinh, logistics, van tai va lap lich. Nhitng bai toan nay doi hoi vi¢c tim kiém cac
hanh trinh tdi wu trong dd thi ¢o trong s6, dam béo cac rang budc vé 16 trinh.

Chu trinh Hamilton 1a mot duong di qua tt ca cac dinh trong do thi dung mot 1an va
quay lai diém xuat phat. Khi d6 thi co trong s, bai toan t6i uu lién quan dén viéc tim chu
trinh Hamilton c6 tong trong s6 nho nhat. Mot truong hop dic biét ciia bai toan nay 1a bai
toan Nguoi du lich, trong d6 d thi duoc gia dinh 1a day du va trong s6 thé hién chi phi hoic
khoang cach giira cac dinh.

Viéc glal quyét bai toan TSP ¢6 do phurc tap cao do s6 luong hanh trinh tang theo giai
thira cua s dinh. Nhiéu thuat toan da dugc dé xuat dé tim 10i giai toi vu hodc xap xi, trong
d6 thuat toan nhanh can (Branch and Bound - BnB) 1a mét phuong phap manh mé gitip cat
giam khong gian tim kiém va cai thién hiéu suét tinh toan.

Bai béo nay trinh bay chi tiét phuong phap nhanh can trong viée giai quyét bai toan TSP
va tng dung vao viéc tim chu trinh Hamilton t6i wu. Tac gia s& phan tich 1y thuyét, mé ta
thuat toan, minh hoa bang vi du cu thé, va danh gia hiéu qua ciia phuong phép nay trong thuc
te.
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2. NOI DUNG
2.1. Bai toan chu trinh Halmiton
i Chu trinh Hamil‘ton la mot duong di trong d6 thi vo huéng hodc c6 hudng sao cho di qua
moi dinh dang mdt 1an va quay laj dinh xuat phat. Chu trinh nay la mat tap hop cac canh tao
thanh mgt chu trinh don va bao gdm tat ca cac dinh trong do thi.
Bai toan Chu trinh Ha}milton yéu cau x4c dinh xem trong mot dd tl}i 6 ton ’tai chu trinh
Hamilton hay khong va néu co, tim chu trinh Hamilton c6 tong trong s6 nhé nhat [1].
Piéu kién ton tai:
Mot d6 thi c6 thé khong c6 chu trinh Hamilton. Mot s tiéu chi quan trong gitp xac dinh
su ton tai cia chu trinh Hamilton bao gom:
o Dil}h Iy Dirac: Néu m’cf)t dd thi vo huéng G c6 n dinh (n > 3) va mdi dinh c6 bac it
nhat n/2 thi G c¢¢6 it nhat mot chu trinh Hamilton.
o Dinh ly Ore: Néu,V('Ji moi cap dinh khong ké nhau u, v trong d6 thi G, tong bac cua
hai dinh nay it nhat 1a n (deg(u) + deg(v) > n), thi d6 thi G c6 chu trinh Hamilton.
o Do thi d?ly du: Mot do thi dﬁy du vai n dinh ludn ¢6 it nhat mot chu trinh Hamilton.
Vidu:
Gia stir c6 mot dd thi véi 5 dinh va cac canh nhu sau:
={A,B,C,D, E}
E=1(A,B), (A, ©), (A, D), (B, C), (B, D), (B, E), (C, D), (C, E), (D, E);
Mot chu trinh Hamilton trong d6 thi nay co thé la:A —-B —->E —-C —- D — A.
Néu do thi 1a ¢6 trong $0, bai toan sé& tim chu trinh Hamilton ¢ téng trong s6 nho nht.
2.2. Bai toan nguoi du lich va thuit toan nhanh - can
Béi toan Ngudi dq lich 1a mot truong hqp cu thé cua ,béi toan Chu trinh Hamilton trong
do dothi G léqdﬁ thi day Eiﬁ (moi 9ép dinhvdéu c6 canh ndi), vl muyc ti€u tim mot chu trinh
Hamilton c6 tong trong so nho nhat. Cu theé:
o Xac dinh mét hoan vi cia n dinh (p1, p2, ..., pa) sao cho tong trong s 1a nho nhat.
o Rang budc: mdi dinh chi dugc thim diing mot lan.
Vi du:
Gia sir mot nhan vién ban hang can di qua 4 thanh phd {A, B, C, D} va quay lai thanh
phé xuat phat. Khoang cach giira cac thanh phd duoc cho bai ma tran trong sb:

A B C D
A o0 10 15 20
B 10 o0 35 25
C 15 35 0 30
D 20 25 30 0

Muc tiéu 13 tim chu trinh t6i vu c6 tong trong s6 nho nhat.

Giai quyét bai toan bang thuat toan nhanh can:

1. Bu’p”C kh(wai tao: Xac (1‘}nh can duéi ban dau b?mg cach léy téng trong sb hai canh nho
nhat tir mo1 thanh phd, sau do chia doi.
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2.

5.

Phan nhéanh: Bat dau tir thanh phd A, thir tit ca cac kha ning di dén cac thanh phd
con lai.

. Tinh toan can dudi: Sau mdi 1an chon mét thanh phé, cap nhat can dudi dé danh gia

xem co nén tiép tuc véi nhanh do hay khong.

Tdi vu hoa: Néu ti’m dqqc chu trinh co6 téng trong s6 nho hon gia tri tdi wu hién tai,
cap nhat nghiém t6t nhat.

Tiép tuc lip cho dén khi khong con nhanh nao can xét.

Vi dy, néu chung ta chon hanh trinh: A - B — D — C — A thi téng trong s 1a:

o

o

o

o

O

A — B: 10
B —D:25
D — C:30
C—A:15
Téng: 10 +25+30+ 15=280

So sanh v6i cac hanh trinh khac dé tim hanh trinh c6 trong s6 nho nhit [2].
2.3. Thuat toan nhanh can

Thuét toan nhanh can hoat dong dua trén viéc cit ,giém, khong gian tim kiém b?mg cach
udc luong can dudi va phan nhanh theo cac lya chon tot nhat. Cac budc chinh cta thuat toan
nhu sau:

1.

Khéi tao cin dudi: Xac dinh can dudi ban déu bang cach tinh téng trong sb hai canh
nhd nhat tir moi dinh, sau do chia doi dé co gia tri udce lugng.

2. Phan nhginl}: Bit dau tir mot ,thélnh phf) (vidu A), tao ra cac nhanh béng cach chon
thanh pho tiép theo co trong s6 nhé nhat.

3. Tinh toan cin dw6i cho méi nhanh:

o Néu can dudi cua mot phénh 16n hon nghi¢m tdi wu tam thoi, loai bo nhanh d6 dé
giam khong gian tim kiém.

o Néu nhéph dat dén pl(f)t nghiém (}ﬁy du (da d} qua tat ca cac thanh Rhé VIEI quay lai
diém xuat phat), ki€ém tra xem tong trong so c6 nhd hon nghiém t6t nhat hién tai
khong.

4. Cap nhzfi,t nghiém t6t nhat: Néu tim t}}éy mot chu trinh ¢6 tong trong sb nho hon
nghiém to1 wu hién tai, cap nhat gia tri toi wu.

5. Tiép tuc mé rong nhanh hop I1¢ cho dén khi khéng con nhanh nao can xét [3].

3. DPANH GIA

Thuét toan nhanh can 12 mot phuong phép hiéu qua dé giai bai toan Chu trinh Hamilton
va bai toan Nguoi du lich, ddc biét khi s6 lwong dinh khong qua 16n. Dudi day 1a mot s danh
gia vé hiéu sudt va ing dung cta thuat toan:

3.1. Uu diém

O

Tim 1oi giai t6i wu: Khong gidng nhu cac phuong phap xap xi nhu thuat toan tham

.....

nguyén tinh toan.
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o Cat giam khong gian tim kiém: Str dung can dudi giup thuét toan loai bé nhing
nhanh khong tiém ning, giam sb lan kiém tra so voi phuong phap quay lui
(backtracking) thuan tay.

o Linh hoat: Co thé ap dung cho nhiéu bai toan t6i wu khac ngoai TSP, nhu lap lich,
thiét ké mang, va quan 1y chudi cung tGng [4].

3.2. Han ché

o Do phirc tap cao: Khi s6 lugng thanh phd (dinh) ting 1én, khong gian tim kiém van
tang theo cdp s6 nhén, 1am cho thuit toan tré' nén cham khi n 16n.

o B® nhé 16n: Thuat toan yéu cau luu trir nhidu thong tin vé cac nhanh va gia tri can
dudi, co thé gay ra van dé vé bd nhé khi ap dung cho d6 thi 16n.

o Nhay cam véi cach chon cin dwéi: Hiéu suét cta thuat toan phy thudc nhiu vao
cach tinh c4n dudi, néu can dudi khong chit ché, khong gian tim kiém c6 thé khong
duoc giam dang ké.

3.3. Ung dung thyec té

Thuat toan nhanh c4n c¢6 nhiéu tmg dung quan trong trong thuc té, bao gdm:

o Lap lich cong viée: Gitip toi uu hoa thoi gian va tai nguyén khi sap xép cac cong viée
c6 trinh tu nhét dinh.

o Quan 1y chudi cung wng: Tim 19 trinh giao hang ngin nhat dé giam chi phi van
chuyén.

o Thiét ké vi mach: T6i vu héa dudng két nbi trong cac thiét bi dién tr dé giam do tré
tin hi¢u.

o Quan ly giao théng: Ap dung trong viéc diéu phdi phuong tién cong cong va quy
hoach duong di tdi uu.

3.4. Huéng phat trién

Dé cai thién hiéu suét cua thudt toan nhanh cén, c6 thé xem xét mot sd hudng phat trién

sau:

o Két hop véi heuristic: Két hop v6i thuat toan di truyén, mo phong toi luyén
(Simulated Annealing) hodc cac phuong phéap heuristic khac dé tim cin duéi tét hon.

o Toéi wu héa luu triv: Giam bd nhd bﬁng cach sur dung cAu trac dit liéu hiéu qua hon,
nhu bang bam hay danh sach wu tién.

o Tan dung tinh song song: Trién khai thuat toan trén kién trac tinh toan song song
hodc phén tan dé tang toc do xir 1.

4. KET LUAN

Thuét toan nhanh can (Branch and Bound) 13 mot phwong phap manh mé dé giai quyét
bai toan Nguoi ban hang (Traveling Salesman Problem - TSP), giup giam dang ké s luong
truong hop can kiém tra bang cach loai bo sém nhitng nhanh khong c6 tiém nang dan dén 1o
giai t8i wu. Cu thé, thuat toan hoat dong bﬁng cach chia bai toan thanh cac nhanh nhé hon
(nhanh - branching) va sir dung mét gidi han dudi (can - bound) dé danh gid tiém ning cua
ting nhanh. Néu mot nhanh cé gia tri can 16n hon gia tri cua 101 giai t6t nhat hién tai, nhanh
d6 s& bi loai bo ngay 1ap tirc, giup tiét kiém dang ké tai nguyén tinh toan.

Mic du nhanh can rat hi¢u qua trong vigc thu hep khong gian tim k1em nhung khi s0

luong thanh phd ting 1én, sd lugng nhanh can xét van cé thé ting theo cap sb nhan, khién
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thuat toan gip khé khin trong viée xir 1y cac bai toan co quy mé 16n. Vi vay, trong thuc té,
thudt todn nay thuong duoc két hop voi cac k§ thuat tdi uu hoa khac dé cai thién higu suat.
Ung dung cua thuét toan nhanh can rat rong rai trong nhiéu 11nh vuc thyc té. Trong tdi
wu hoa 16 trinh giao thong, thudt toan nay gitip tim ra tuyén ducrng ngan nhat cho cac phuong
tién van chuyen giam chi phi nhién liéu va thoi gian di chuyén. Trong lap lich san xuét, no
ho tro sap x€p trinh ty cong vi¢c sao cho hi¢u qua, giup glam thoi gian cho va t6i wu hoa
nang suat. Ngoai ra, thuat toan con duogc ap dung trong thiét ké vi mach dé tdi uu hoéa viée
bd tri cac linh kién nham giam do tré tin hiéu, cling nhu trong linh vyc logistics dé t6i wu hoa
qua trinh phan phdi hang hoéa, giup giam chi phi van hanh va tang hiéu sut chudi cung tmg.
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COMPOSITE BRANCH ALGORITHM TO SOLV SOME PROBLEMS
OPTIMIZATION MATH INVOLVING HAMILTON CYCLES BASED
ON THE TSP PROBLEM

Abstract: The Traveling Sparrow Problem (TSP) is an important combinatorial
optimization problem that requires finding the shortest path that visits all vertices exactly
once. Because it belongs to the NP-hard group, TSP requires robust methods to find the
optimal solution. The Branch and Bound (BnB) algorithm is an effective approach to this
problem. BnB divides the search space, computes a lower bound for each branch, and
eliminates infeasible branches, which reduces the number of trials compared to traditional
backtracking. This paper presents in detail how to apply BnB to TSP, including algorithm
description, illustrative examples, and experimental evaluation. The results show that BnB
works well for small and medium-sized problems, but the processing time increases rapidly
when the number of vertices is large. The author proposes to combine BnB with heuristic
methods and storage optimization to improve the efficiency when solving large TSP
problems in practice.

Keywords: Branch-bound algorithm; Combinatorial optimization problem; Hamiltonian
cycle; NP-C (Non-deterministic Polynomial Complete; NP-Hard,; Traveling Salesman
Problem (TSP)



