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PHUONG PHAP MOI GIAI BAI TOAN NGUOI BAN HANG
SU DUNG THUAT TOAN RUNNER - ROOT

A NEW METHOD FOR SOLVING TRAVELING SALESMAN
PROBLEM USING RUNNER-ROOT ALGORITHM

NGUYEN TH] QUYEN®™

TOM TAT: Bai todn nguoi ban hang (Travelling Salesman Problem - TSP) la bai todn tim dwong
di ngan nhat giira nhiéu thanh phé cho nguwoi ban hang nham tiét kiém thoi gian va chi phi. Pay la
bai todn toi wu roi rac phitc tap, doi héi phdi cé cdc phwong phép gidi hiéu qua. Bai viét trinh bay
mét phwong phdp méi diea trén thudt todn Runner - Root (RRA) dé tim dwong di ngdn nhdt cho
TSP. Trong d6, RRA la thudt todn dwoc phat trién diwa trén ¥ tuéng vé s nhdn giong cia cdc logi
thuc vdt bo lan. Hiéu qua cua RRA cho bai toan TSP duoc kiém chung trén TSP 14 thanh phé'. Dua
trén két qua tinh todn cho thdy, phirong phdp dé xudat RRA la mét trong nhitng céng cu ding dwoc
xem xét cho bai toan TSP.

Tir khéa: thudt todn runner (RRA) — root; bai toan ngueoi ban hang (TSP); dwong di ngdn nht.

ABSTRACT: The traveling salesman problem (TSP) is the problem of finding the shortest route
between many cities for sellers to save time and costs. This is a complex discrete optimization
problem that requires effective solutions. The article presents a new method based on the runner-
root algorithm (RRA) to find the shortest route to the TSP. In which, RRA is an algorithm
developed based on the idea of propagation of creeping plants. The effectiveness of RRA for the
TSP is verified on the TSP of 14 cities. The calculation results show that the proposed RRA method
is one of the tools worth considering for the TSP.

Key words: runner-root algorithm; traveling salesman problem; shortest route.

1. PAT VAN PE

Bai toan TSP 1a bai toan téi wu ndi tiéng
nhdm tim duong di ngdn nhét gitra cac thanh
phd cho nguoi ban hang, bao gom thanh phé
bt dau va thanh phd két thdc cing céac thanh
phd di qua nhung tat ca ching chi xuat hién
mot lan trong duong di. Bai toan TSP di dugc
rng dung trong cét gidy, di ddy may tinh, dinh
tuyén, lap lich, mang x& hoi [2], [6]. Ké tir khi
duge d& xuat lan dau vao nam 1970 [10], bai
toan TSP di duoc giai bang nhiéu phuong phap
khéc nhau bao gém cac phwong phap c6 dién
nhu phuong phap nhanh va cit [15], nhanh va

bién [14], phuong phap Lagrangian [7] va cac
phuong phap duya trén cac thuat toan tdi wu nhu
giai thuat di truyén [3], t6i uu bay dan (Particle
Swarm Optimization - PSO) [16], téi uu dan
kién [4], thuat toan tim kiém cuckoo [11], thuat
toan tim kiém hai hoa [1] va thuat toan dan ong
nhan tao [12]. Nhin chung, sir dung cac phuong
phap ¢ dién cd thé thu duoc giai phép t6i uu
nhung qué trinh tinh ton thuong mat thoi gian,
Vi vay, doi hoi phai c6 phuong phap giai hiéu
qua rdt ngan thoi gian hon. Céc thuat toan tdi
wu c6 thé thu duoc 1o giai bai toan véi thoi
gian tuong ddi ngin. Do dé, sir dung phuong
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phap méi cho bai toan TSP ludn 1a mét van dé
can thiét.

Thuat todn runner — root (RRA) dugc phéat
trién duya trén y tuong nhan gidng qua than cua
mot sé loai cdy nhu co nhén, dau ty hay cay
mau tir [8]. D& giai bai toan téi wu, mdi giai
phap dugc xem nhu mot cdy me. Cay me sinh
ra cac cay con qua than cua no dé khai thac
ngudn tai nguyén. Céc cay con sinh ra ¢ noi co
ngudn tai nguyén phong pht s& phat trién manh
va tiép tuc sinh ra cac ciy con khac nguoc lai
ching s& chét di. Thuat todan RRA da thé hién
duoc nhiéu wu diém trong viéc tim giai phap toi
vu cho cac ham toan chudn [8]. Ngoai ra, thuat
toan RRA cling da duoc ap dung thanh céng
trong mot s linh vuc nhu ki thuat dién [9], du
bao san xuit [5]. Tinh cap thiét cia bai viét 1a
trinh bay chi tiét cac budc ap dung thuit toan
RRA dé tim duong di ngén nhit cho bai toan
TSP hiéu qua hon véi thoi gian ngan hon.

2. NQI DUNG
2.1. Mb hinh bai toan TSP

Cho N, thanh phé va toa do cia mi
thanh phd, chiéu dai duong di giira cac thanh phé
path = [cq, ¢y, ...,cthy] duoc xac dinh nhu

sau: L(path) = 34 d(ci, Cisr) + d(cn cr) (1)
Trong do, d(c;, c;+1) 1a khoang cach Euler
gitta hai thanh phd duoc xac dinh nhu sau:
d(cy cipr) = /(i = xip 1) + (0 — Yir1)2(2)
Trong d6, (x;, ;) VA (Xi+1,Yi+1) lan luot
13 toa d6 cua hai thanh phd i va j.
2.2. Thuat todn RRA cho bai todn TSP
Thuat toan RRA da duoc ap dung cho céac
ham toan chuan. Tuy nhién, dé &p dung thanh
cong RRA cho bai toan TSP, cac budc thuc
hién cua thuat toan can dugc diéu chinh [8]. Vi
vay, trong muc nay chi tiét 4p dung thuat toan
RRA cho bai toan TSP dwoc mé ta nhu sau:
Buoc 1 - Khéi tgo: Dé tim duong di ngin
nhat cho bai toan TSP, mdi duong di kha thi duoc
xem nhu mot cay me. Trong d6, mdi bién cua cay
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me dai dién cho mét thanh phd nhu trong biéu

cnel (3)
Trong d6, pathyother, 12 duong di thu i

trong quan thé N duong di. ¢j lathanh phd thu j

thirc: pathooeher,i = [C1, €2 oovs Gy .

trong duong di. Nc 1a sé thanh phd.

Pé bat dau qua trinh tim kiém, mdi dudng
di dugc khéi tao nhu sau: pathpoiper; =
path;,,, + rand. (pathhigh - pathlow) 4)

Trong d6, pathoy Va pathpgn la véc to
gidi han cua cac bién trong duong di.

Do mdi thanh phd dugc biéu dién dudi
dang s6 nguyén duong, nén cac phan tir trong
duong di pathpotper,; s€ duogc sap xép theo
thr ty tang dan. Khi do, vi tri cia cac bién
trong mang da duoc sip xép s& duoc quy ude 1a
thanh phd tuong tng v&i bién d6. Chang han
nhu bai toan tim dudng di ngin nhit qua 4
thanh phd, gia
[2.3,5.6,4.3,1.8] thi duong di tuong ng s& 1a
[2, 4, 3, 1]. Sau khi dugc khoi tao, cac dudong di
s€ dugc danh gia ham muc ti€u nhu mo ta ¢

tri cua  pathpyotheri =

biéu thuc (1) dé xac dinh chiéu dai cua mdi
duong di. Khi 406, dudng di c6 chidu dai ngin
nhit (Lpes) s& duoc xem nhu 1a dudng di t6t
nhét pathpes;.

Bude 2: Tao ra quan thé dwong di méi. Y
tuong mdi cdy me sinh ra mot cay con qua than
ctia né duoc thé hién trong thuat toan RRA trong
qua trinh tao ra cac giai phap méi nhu sau:

pathdaughter,k =
pathyes: k=1 5
{pathmother,k + runner.rand, k = 2, ...,N( )

Trong do, pathgqugnter k 1a duong di méi
thir k dugc tao ra tr duong di pathpotper k-
runner 1a khoang cach 16n nhit tir bién hién
tai dén bién moi dugc dat b@fmg 200.

Céc duong di méi s€ dugc danh gia ham
muc tiéu nhur mo ta ¢ biéu thirc (1) dé xac dinh
chiéu dai cia mdi duong di Laaugnterk- Dua
trén chiéu dai coa mdi duong di méi, gia tri
pathpq; dugc cap nhat lai.
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Buéc 3: Cdp nhdt dwong di tot nhdt. Sau
hai vong lap lién tiép ma duong di tot nhat thu
dugc khong co su cai thién vé chiéu dai duong
di, thi thu tuc cap nhat dudng di tét nhat duoc
thuc hién. Trong d6, sé c0 2. Nc duong di méi
duoc tao ra b'fmg cach diéu chinh lan luot tung
bién cta pathy,s, nhu sau:

pathy g = My q.runner. pathpes: + pathy,s: (6)

pathy g = My, 4.700t. pathyes, + pathyes (7)

Trong do, path, 4 va path, 4 1a duong di
thr d duoc tao ra voi d =1, 2,..., Nc. My 4 la
dong thir d ciia ma tran don vi c¢6 kich thuéce
(Nc x Nc). root la hing s6 ¢6 gia tri nhé hon
S0 V6i runner, né thuong duoc chon bang %
gia tri cua runner.

Céac duong di moi duge tinh todn ham muc tiéu.
Néu ton tai dudng di ¢o chiéu dai ngan hon pathy,eg,
16 s& duoc chon dé thay thé cho path ;.

Buoc 4: Lvwa chon dwong di cho thé hé tié})
theo. Quén thé cdy me cho vong lip sau dugc chon
tir quan thé ciy con. Khi do, xac suit dé cay con
pathgayghterk duge chon dé tré thanh mot cay
me & vong lap tiép theo duoc xac dinh nhu sau:

(8)

f(pathdaughter,k)
25}1:1 f(pathdaughter,j)

Trong do, f(pathdaughter,k) la gid tri thich
nghi cia cdy con pathgqy gnter,x duoc tinh nhu sau:

f(pathdaughter,k) = 2

Pk =

9
0+Laaughter,k—Lbest

Trong d6, ¢ 14 hiang sd nho nham loai trir
phép chia cho 0 trong truong hop gia tri cua
Ldaughter,k va Lbest béng nhau.

Buée 5: Khoi dong lai quan thé cdy me.
Trong truong hop sau mot sé vong lip dinh
trudc (iteryespqre) ma duong di tot nhit vin
khong duoc céi thién, thi thuat toan RRA s&
khoi tao ngdu nhién lai quan thé ciy me bang
cach sir dung biéu thirc (4) nham gia ting co
hoi khai pha khong gian tim kiém.

Budc 6: Kiém tra diéu kién dimg. Thuat
toan RRA cho bai toan TSP hoat dong dua trén
s6 luong vong lap tbi da. Néu s6 vong lap hién
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tai chua dat toi gid tri lon nhit dit trude
(iteTpmay), thuat toan s& quay trd lai bude 2 dé
tiép tuc qua trinh tim kiém. Nguoc lai, thuat
toan s& dugc dimg lai va duong di tot nhat
pathyes; dugc xem nhu 1a 101 giai cho bai toan.
Toan b0 cac budc thuc hién cua thuit toan
RRA cho bai todn TSP dugc trinh bay trong luu

d6 ¢ Hinh 1.
- Khéi tao ngau nhién quan thé dwong di ban dau st dung (4)

- Tinh ham muc tiéu cho méi duwdrng di st dung (1)
- Xac dinh dudng di tot nhét pathyes; V6i chidu dai Lyes

-DPatvonglapi=1

| Tao ra quan thé du'cmg di méi st dung (5) |

| Tinh ham muc tiéu cho mon dwong di st dung (1) |

| Cap nhat dwong di tét nhat pathyes: VGi chiéu dai Lyes

Bung

Tao ra 2.N¢ dwong di méi st dung (6) va (7)

| Tinh ham muyc tiéu cho méi duo'ng di m&i st dung (1) |
¥
| Cap nhat dudng di tot nhat pathyes v6i chidu dai Loes |

| Lwa chon quan thé cay me tlr cac cay con s dung (8) va (9) |

Sai
Lest = Lbest o

buing
| ct=ct+1 |

Ct = itefregtart

Bung
[ Khai tao ngau nhién quan thé dwong di ban dau st dung (4) |

ST e —
Dung
| Xuét két qua: pathpest VA Loest |

Hinh 1. Luu d6 thudt toan RRA cho bai toan TSP
2.3. Két qua tinh toan
Trong phan nay, phuong phap RRA d&

| ct=0

xuat dugc sir dung dé tim duong di ngin nhit
cho mot bai toan TSP ¢6 14 thanh phd duge goi
la Burmal4 [13]. Trong d6, toa d6 ctia mdi
thanh phé dugc cho trong Bang 1. Phuong
phap dé xuit RRA duoc 14p trinh tir phdn mém
Matlab 2016a chay trén may tinh cd nhan CPU
core i5 2x2.4GH, 8GB RAM. Théng s6 RRA
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bao gdm kich thuéc quin thé N va s vong lap
16n nhit iter,,q, duoc chon lan lugt bang 20 va
50. Trong khi do, gia tri cla iteryesrqre dugc
chon bang % gia tri cla itery,q,. Phuong phap
dé nghi dugc chay 100 1an doc 1ap dé danh gia
hi€u qua cta phuong phép.

Két qua tinh toan cho bai toan dugc trinh
bay & Bang 2. Trong d6, chidu dai dudng di ngin
nhit thu dugc tir RRA cho Burmal4 1a 30.8785
tuong ung voi duong di ngan nhat 1a {13, 7, 5,
12, 6,4,3,14,2, 1, 10, 9, 11, 8} dugc mo ta &
Hinh 2. Két qua nay hoan toan tuong ty véi két
qua thu dugc tr phuong phap PSO [16]. Tuy
nhién, gia tri trung binh ctia ham muyc tiéu thu
duoc boi RRA trong 100 1an chay bé hon so véi
phuong phap PSO [16]. Pic tuyén hoi ty 16n
nhét, nho nhit va trung binh trong 100 1in chay
doc 1ap & Hinh 3a cho thiy duong dic tuyén hoi
tu trung binh rat gin v6i dudng hoi tu nho nht.
Gia tri ham muc tiéu thu dwoc trong 100 14n chay
& Hinh 3b cho thiy RRA c6 thé tim duoc duong

di t6t nhat trong hau hét cac 1an chay. Diéu nay
cho théy, su 6n dinh va do tin cdy cao cua thuat
toan RRA cho bai toan TSP.

Bing 1. Toa do céc thanh phd cua bai toan Burmal4

X | 1647 | 1647 | 20.09 | 22.39 | 25.23 | 22.00 | 2047
y | 96.10 | 9444 | 9254 | 93.37 | 97.24 | 96.05 | 972
x | 17.20 | 16.30 | 1405 | 1653 | 2152 | 1941 | 2009
y | 9629 | 97.38 | 98.12 | 97.38 | 9559 | 97.13 | ADH
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Hinh 2. Puong di tbt nhat thu dugc tir RRA

Bing 2. Két qua tinh toan cho bai toan TSP Burmal4

Phwong phap | Duwong di tét nhat Linax Lonin Lonean STD | Thei gian tinh toan (s)
13,7,5,12, 6, 4, 3,
RRA 14,2,1,10.9, 11, 8 31.8283 | 30.8785 | 30.9012 | 0.1140 0.2098
13,7,5,12,6,4,3
P 1 o e 1.022 .87 .924 - -
SO [16] 14,2,1,10,9, 11, 8 31.0 30.8785 | 30.9245
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Vong lap S6 1an chay
a) Dac tuyén hoi ty b) Gia tri ham muc tiéu t6t nhat mdi 1an chay
Hinh 3. Bic tuyén h tu trung binh va gia tri ham muc tiéu trong 100 lan chay
3. KET LUAN thuc hién. RRA 1a mot phuong phép hiéu qua va

Bai viét trinh bay mg dung ciia thuat toan
RRA cho bai toan TSP. Hiéu qua ciia RRA dugc
kiém chimg trén bai toan TSP c¢6 14 thanh phd.
Két qua thu dugc bi RRA trong 100 1an chay
doc lap dugc so sanh voi phuong phap PSO da
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tin c@y trong viéc tim 101 giai cho bai toan TSP.
Trong tuong lai, ching t0i s& str dung thuat toan
RRA cho cac bai todn TSP c6 nhiéu thanh phd
hon ciing nhu ap dung phuong phap dé xuét vao
mot s6 ung dung thuc té.




TAP CHI KHOA HQC PAI HOC VAN LANG Nguyén Thi Quyén

TAI LIEU THAM KHAO

[1] Boryczka U. and Szwarc K. (2019), The Harmony Search algorithm with additional
improvement of harmony memory for Asymmetric Traveling Salesman Problem, 122, Elsevier,
Expert Systems with Applications.

[2] Campuzano G., Obreque C., and Aguayo M. M. (2020), Accelerating the Miller—Tucker—Zemlin model
for the asymmetric traveling salesman problem, 148, Elsevier, Expert Systems with Applications.

[3] Dong X. and Cai Y. (2018), A novel genetic algorithm for large scale colored balanced
traveling salesman problem, 95, Elsevier, Future Generation Computer Systems.

[4] Ebadinezhad S. (2020), DEACO: Adopting dynamic evaporation strategy to enhance ACO algorithm
for the traveling salesman problem, 92, Elsevier, Engineering Applications of Artificial Intelligence.
[5] Goli A., Moeini E., Shafiee A. M., Zamani M., and Touti E. (2020), Application of Improved
Artificial Intelligence with Runner-Root Meta-Heuristic Algorithm for Dairy Products Industry: A
Case Study, 29(5), World Scientific Publishing, International Journal on Avrtificial Intelligence Tools.

[6] Hu Y., Yao Y., and Lee W. S. (2020), A reinforcement learning approach for optimizing
multiple traveling salesman problems over graphs, 204, Elsevier, Knowledge-Based Systems.

[7] Laporte G. (1992), The traveling salesman problem: An overview of exact and approximate
algorithms, 59 (2), Elsevier, European Journal of Operational Research.

[8] Merrikh-Bayat F. (2015), The runner-root algorithm: A metaheuristic for solving unimodal and
multimodal optimization problems inspired by runners and roots of plants in nature, 33,
Elsevier, Applied Soft Computing.

[9] Nguyen T. T., Nguyen T. T., Truong A. V., Nguyen Q. T., and Phung T. A. (2017), Multi-
objective electric distribution network reconfiguration solution using runner-root algorithm, 52,
Elsevier, Applied Soft Computing.

[10] Oliver I. M., Smith Dj. And Holland J. R. (1987), Study of permutation crossover operators on
the traveling salesman problem, The Massachusetts Institute of Technology, Genetic algorithms
and their applications: proceedings of the second International Conference on Genetic Algorithms.

[11] Ouaarab A., Ahiod B., and Yang X. S. (2014), Discrete cuckoo search algorithm for the
travelling salesman problem, 24, Springer, Neural Computing and Applications.

[12] Pandiri V. and Singh A. (2019), An artificial bee colony algorithm with variable degree of perturbation
for the generalized covering traveling salesman problem, 78, Elsevier, Applied Soft Computing.

[13] Reinelt G. (1991), TSPLIB. A traveling salesman problem library, 3(4), The Institute for
Operations Research and the Management Sciences, ORSA journal on computing.

[14] Salman R., Ekstedt F., and Damaschke P. (2020), Branch-and-bound for the Precedence Constrained
Generalized Traveling Salesman Problem, 48(2), Elsevier, Operations Research Letters.

[15] Yuan Y., Cattaruzza D. Ogier M. and Semet F. (2020), A branch-and-cut algorithm for the
generalized traveling salesman problem with time windows, 286, Elsevier, European Journal of
Operational Research.

[16] Yuan Z., Yang L., Wu Y., Liao L., and Li G. (2007), Chaotic particle swarm optimization
algorithm for traveling salesman problem, IEEE, Proceedings of the IEEE International
Conference on Automation and Logistics.

Ngay nhén bai: 26-8-2020. Ngay bién tap xong: 11-01-2021. Duyé¢t dang: 22-01-2021

89



