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ABSTRACT

Bai toan dinh tuyén xe (VRP — Vehicle Routing Problem) lién quan truc tiép t6i dich
vu giao hang clia mot cong ty. Bai toan yéu cau tim dudng di t6i wu cho cic xe chd
hang xuit phat tif mot hodic nhiéu kho hang dé€ giao hang cho mdt tip khach hang cho
trude. C6 nhiéu tiéu chuén tbi wu, nhung thong dung nhit van 1a tdi thi€u héa chi phi

van chuyén hoic tong do dai quang dudng di chuyén cua cic xe.

Bai toan VRP ¢6 ¥ nghia 16n trong cong nghiép. Viéc tdi uu cac tuyén dudng van chuyén
c6 thé tiét kiém cho cac cong ty téi 5%. Thong ké cho thiy, chi phi van chuyén chiém ti
trong 16n cu thanh trong mot san phdm (10%). Do d6, moi chi phi tiét kiém dudc bang
cach giai tot VRP cho dit nhd hon 5%, déu c6 y nghia 16n.

Bai todn VRP ciing c6 nhiéu y nghia trong khoa hoc, bai toan di dudc chiing minh 1a
NP-khé. Do d6 nhiing thuat todn chinh xac ding dé gidi chung chi c6 thé giai dugc bai
todn véi kich thuéc nho. D€ giai dudc bai toan véi kich thuée 16n, da c6 nhiéu cong trinh
nghién ciu 4p dung cac phuong phap metaheuristic cho bai toan VRP, vi du nhu dung
giai thuat di truyén (GA — genetic algorithm), tim kiém Tabu (Tabu search), thuit toan
luyén kim (Simulated annealing). Mot s6 thuét todn metaheuristic t6t nhét hién nay c6
thé cho 15i giai véi do tot kém 0.5% dén 1% so vdi 18i gidi tdi vu cho cic bai toan 1én

t6i hang trim diém giao hang.

Luan viin sé nghién ciu, tim hi€u cac phuong phap metaheuristic n6i chung va phuong

phép tdi uu dan kién néi riéng dé€ giai quyét bai toian VRP.

Tir khoa: VRP, vehicle routing problem, CVRP, capacitated vehicle routing problem.
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Chuong 1

Bai toan VRP va cac bién thé

1.1 MGé dau

Logistic 12 qua trinh 1én ké hoach, trién khai va kiém sodt quy trinh van chuyén, luu
trif hang héa mot cach hiéu qua, tiét kiém. Linh vuc logistic dang dugc rat nhiéu nha
nghién ciu quan tim. Trong thap ki qua, logistic da dudc chiing té 13 yéu t6 quan trong
din dén su thanh cong hay thit bai ctia cac doanh nghiép. Logistic ¢6 anh hudng 16n ti

nén kinh té va mai trudng.

HiNH 1.1: 'Chi phi logistic tinh theo phan trim GDP

Logistics Cost As A Percent of GDP

8.3 84 83 8.2

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

INguén anh: http://www.scdigest.com/ASSETS/FIRSTTHOUGHTS/14-06-17 . php?cid=8190
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Linh vuc logistic tiéu ton rat nhiéu tai nguyén vé con ngudi cling nhu nhién liéu. Hinh

1.1 cho théy logistic chiém 1én t6i 10% GDP ctia Chau Au trong thap ki qua.

Hé thdng van chuyén 12 mot hé thdng quan trong nhit trong hé thdng phan phbi, chiém
1én t6i 50% chi phi logistic (Zhu and Zhai 2017). Theo théng ké, chi phi vé vin chuyén
chu thanh 10% chi phi tao ra mot san pham (Rodrigue, Comtois, and Slack 2016). Viéc
t6i uu céac tuyén dudng van chuyén c6 thé tiét kiém cho cic cong ty 1én téi 5% (Hasle,

Lie, and Quak 2007). Diéu nay c6 y nghia rat 16n.

Bai todn dinh tuyén xe - VRP (Vehicle Routing Problem) 12 mdt 16p cdc bai todn quan
tam tSi viéc tim cach dinh tuyén cic xe chd hang d€ van chuyén hang héa tir mot hoic
nhiéu kho hang t6i cac dia diém can chuyén dén. Bai toan VRP lién quan truc tiép tdi
viéc van chuyén, phan phdi hang héa cho nén nghién ciiu n6 c6 ting dung 16n trong viéc

giam chi phi logistic.

BANG 1.1: Khi thai cua xe tai

COZ SOQ NOx PMIO
Xetai | 26% | 43% | 38% | 59%

Khong chi c¢6 dnh hudng t6i kinh té, chi phi van chuyén gia ting dong nghia véi viéc
nhién liéu tiéu thu gia ting, dan tSi luong khi thai ting, tir d6 anh hudng nghiém trong
t6i mdi trudng. Xe tai thai ra nhiéu loai khi doc hai. Cu thé, théng ké vé luong khi thai
do xe tai dugc cho & bang 1.1 (Dablanc 2013). Xe tai thudng dudc dung d€ van chuyén
hang héa. Do d6, nghién ctiu bai todn VRP khong nhiing c6 y nghia dbi véi kinh té ma

con c6 y nghia t6i viéc bao vé mdi trudng.

Lép bai todn VRP ciing c6 nhiéu y nghia trong khoa hoc. Bai to4n da dudc chiing minh
1a NP-kh6. Do d6 nhiing thuét todn chinh xdc dung d€ giai chiing chi c6 thé gidi dudc
bai toan véi kich thuéc nhé. DE giai dudc bai todn véi kich thudc 16n, da c6 nhiéu cong
trinh nghién ctiu 4p dung cac phuong phap metaheuristic cho bai toan VRP, vi du nhu
dung giai thuat di truyén (GA — genetic algorithm), tim kiém Tabu (Tabu search), thuat
toan luyén kim (Simulated annealing). Mot s6 thuit todn metaheuristic tot nhét hién nay
c6 thé cho 15i gidi véi do tot kém 0.5% dén 1% so véi 16i gidi tdi uu cho cic bai toan 1én

t6i hang tram diém giao hang (Vidal, Crainic, Michel Gendreau, and Prins 2014).

Nhén thay ting dung thuc tién to 16n ctia 16p bai toan VRP, luin vin nay nghién cifu,
tim hiéu bai todn CVRP (mot bai todn don gian nhat ctia 16p VRP) va cdc phuong phap



giai chiing da dudc cong bd, dong thdi dé xudt mot thuit toan tdi uu dan kién dé giai bai
toan VRP.

Luan vin sé dudgc t6 chic thanh 4 chuong nhu sau:

e Chuong dau tién, chuong nay, 12 phin md dau, gidi thiéu 16p bai toan VRP va
ing dung to 16n ctia né trong thuc tién. Bai todn don gian nhat thudc 16p VRP
la CVRP ciing sé dudc phat biéu chit ché. Pong thdi, mot sd bién thé khéc ctia
CVRP ciing dudc gidi thiéu so qua,

e Chuong hai gi6i thiéu mot sé phuong phép da dudc ap dung truée d6 dé giai bai
toan CVRP.

e Chuong ba trinh bay thuat toan tdi uu héa dan kién dé xuat dé gidi bai toan CVRP.

e Cudi cung, chuong bon 1a phan két qua thuc nghiém cida thuat toan dé xuat, dua

ra két luan va 1én k& hoach nhiing cong viéc can lam, phat trién trong tuong lai.

1.2 Bai toan VRP va cac khai niém lién quan

Bai to4n dinh tuyén xe (VRP) thudc 16p bai todn t6i wu t& hop, quan tam t6i viéc van
chuyén hang héa tir mot hoic nhiéu kho hang t6i mot tap cac khach hang. Bai toan VRP
dugc dé xuit 1an dau tién bdi Dantzig va Ramser vao nim 1959 (Dantzig and Ramser
1959), trong d6 tac gia gi6i thiéu mot bai toan thuc tién vé viéc di chuyén xing t6i cac
tram xing. V6i s6 ludng xe chd xing cling v6i dung lugng chifa cta ching dudc biét
trude, tdc gid mudn tim cach di chuyén céc xe chd xing t6i cac tram xing sao cho mdi
tram xing dugc dén ding mot 1an, téng luong xing chuyén cho tram xing dudc thim
bdi mot xe khong vuot qua dung ludng chiia ctia xe d6, va dong thdi quang dudng di
chuyén ctia cdc xe 12 nho nhit c6 thé. Bai toan nay 14 dang don gian nhit ctia 16p cac bai

toan VRP, va s€ dugc dinh nghia chat ché é muc 1.3.

Bai toan dinh tuyén xe (VRP) dugc dinh nghia nhu sau. Bai todn VRP quan tAm tdi cach
thiic van chuyén hang héa tif mot hodc nhiéu kho hang t6i mot tap cdc khach hang véi
vi tri va nhu cau (demand) cho trudc (Achuthan, Caccetta, and Hill 1997). Nhu cau cta
mot khach hang c6 thé hiéu 1a lugng hang ma can giao cho khich hang d6. VRP héi
phéi diéu phdi xe chd hang nhu thé nao dé€ c6 thé tdi thiéu héa/tdi da héa mot muc tiéu

cho trudc nao do.



Dudi dy trinh bay chi tiét vé cic thanh phan lién quan trong bai toan VRP.

e Tap khach hang (Customers).
Khéch hang dugc biéu dién bdi vi tri dia 1y, noi ma xe chd hang can di dén dé
giao/nhén hang.

e Xe van chuyén (Vehicle).

Xe van chuyén 1a phuong tién di chuyén giita cdc khach hang dé thuc hién viéc
giao hang. Mbi xe c6 mot s6 thudc tinh gan véi né, vi du nhu 1a lugng hang héa

t6i da ma né c6 thé chd, hoic luong khach hang t6i da ma né dudc tham.

e Kho hang (Depot).
Kho hang dudc bi€u dién béi vi tri dia 1y, noi hang héa dudc chita. Thong thudng,
kho hang ciing 12 noi xuat phat va két thiic ctia xe chd hang.

e Mang ludi giao thong.

Xe van chuyén di lai gitta cdc khach hang thdong qua mang ludi giao thong nay.
Mang luéi giao thong thudng sé dudc biéu dién bang do thi, trong d6 dinh ctia dd
thi 12 khach hang va kho chifa, cdc canh ndi giita 2 dinh sé c6 mdt trong sb tuong

ting 12 chi phi (c6 thé 1a do dai hoic thdi gian) néu xe di qua canh ddy.

° Tuyén xe (route).

Tuyén xe 1a mot chudi c6 thy tu cac vi tri dudc thim bdi xe d6. Thong thuong,
mot tuyén xe sé xuit phat va két thic tai kho hang, va cac khach hang dugc thim
6 khoang gitia.

o Kho xe (fleet).
Kho xe tuong tng véi tp hogp céc xe c6 san c6 thé dung d€ giao hang. Kho xe c6
thé 1a dong nhét (tit ca cac xe 1a gidng nhau, c6 cling thudc tinh) hoic khong.

e Muc tiéu dinh tuyén.

Ham muc tiéu ctia bai toan VRP thuong 12 t3i thi€u héa/tdi da hoa mot dinh luong
nao d6. Muc tiéu co ban va thong dung nhét 12 t3i thi€u héa téng do dai quing
dudng ma xe di chuyén. Mot ham muc tiéu c6 thé khéc 12 t6i da héa 16i nhuén thu

dugc bang cach phuc vu médt tap khach hang.



e Loi giai cia VRP.
Mot 18i giai cho bai todn VRP thudng 12 mdt tip cdc tuyén xe cung véi xe chd
tuong ing sé di chuyén theo tuyén xe d6. Mot s6 bién thé phiic tap khac cta bai
todn VRP can c6 thém mot s6 thong tin khac d€ biéu dién 10i gidi, vi du nhu thai
gian biéu cho cic xe. Mdi 18i gidi déu c6 thé danh gid dudc do tdt clia n6 thong

qua ham muc tiéu.

¢ Rang budc.

Rang budc 1a nhiing diéu kién ma 15i giai cho VRP can phai dudc thda man. Mot
s6 rang buodc thong dung d6 1a: sd lugng tuyén xe tdi da, khoang cach tdi da ma

mot xe c6 thé di, van van.

1.3 Bai toan CVRP

Bai todn Pinh tuyén xe v6i dung Iuong van chuyén gii han - CVRP (Capacitated Vi-
hecle Routing Problem) 12 mot bai todn co ban nhit thudc 16p cic bai toan VRP. Nhu
da dugc dé cap, CVRP dugc dé xuit 1an dau tién bdi Dantzig vi Ramser vao nim 1959
(Dantzig and Ramser 1959), trong d6 tac gia gi6i thiéu mot bai toan thuc tién vé viéc
chd xing dén cac tram xing. CVRP ciing 12 bai toan dudc nghién ctiu chinh trong luin

vin nay. Muc nay phat biéu bai toan CVRP.

CVRP yéu cau phat hang cho cic khach hang, mdi khach hang c6 mot nhu ciu cho
trude, bang cach dung cic xe véi dung luong chiia gi6i han. Céac xe chd hang dugc dau
tai mot kho hang, cac tuyén xe sé& xuét phat va két thic tai kho hang d6. Muc tiéu 1a xdc
dinh cdc tuyén xe sao cho moi khiach hang dudc phuc vu, xe khong chd qua dung ludng

chita va tong khoang cach di chuyén ctia cic xe 1 nhd nhat.

Bai todn CVRP dugc dinh nghia trén mot do thi G = (V, E) bi€u dién mang luéi giao
thong. Tap dinh V = {0,1,...,n} bi€u dién cac dia diém khdc nhau, trong khi tdp canh
E bi€u dién cdc dudng di trong mang ludi giao thong. Pinhi = 1,2,...,n 1a cdc khiach
hang va dinh 0 tuong ting véi kho hang.

Mbi canh (i, j) € E c6 gén mot trong sb d;; biéu dién khoang céch gitia dia diém tuong
ting v6i dinh i va dia diém tuong tGng vé6i dinh j. Cdc khodng cich dugc gia s 1a dbi
xuing (d;; = dj; v6i Vi, j € V) va théa man bt dang thiic tam gidc (dy + dyj > d;j véi
Vi, j,keV).



M&i khéach hang i € V' \ {0} s& dugc gan mot sé nguyén g; 1a nhu ciu ctia khach hang i,
tic lugng hang héa ma khach hang nay can.

C6 K xe chd hang dong nhit, mbi xe déu c6 thé ché dudc t6i da Q luong hang héa. Mbi

xe chi c6 thé thuc hién tdi da mot chuyén di.

Mbi tuyén xe xuat phat tif kho hang, thim mot sd khach hang, sau d6 lai quay tré vé kho.
MBbi tuyén xe r c6 thé dudc biéu dién bdi mot chudi cé thit tu cac khach hang ma tuyén
xe d6 tham: r = (c1,c3, ..., ¢; ). Ky hiéu ryj 12 s6 lugng khach hang ma tuyén xe r tham.
Khach hang thi s dugc thim bdi tuyén xe r, ky hiéu béi r[s], 12 ;. Vi mot tuyén xe phai
xuét phat va két thiic tai kho hang 0, dé cho thuan tién, ta méc dinh 7[0] = r[rs. + 1] =0.

Muc tiéu clia bai toan CVRP 12 can tim mot 16i gidi dinh tuyén xe Sol, 12 mot tip hop

cic tuyén xe, Sol = {ry,rs,...,ry,}. Loi gidi ndy phai théa min cic diéu kién sau:

1. |Sol| <K.

S6 luong tuyén xe khong dudc qud sb luong xe dang c6 1a K.

2. riNrj=0v6iVri,rj € Sol,ri # rj va Upeso i =V \ {0}.

MBbi khach hang phai dudc thim ding mot 1an

3. Yeer 9c < QVre Sol.

Téng nhu cau cla cac khach hang dugc thim trén mot tuyén xe khong duge qua

dung lugng chua cua xe.

4. Dist(Sol) = ZreSol(Z:iz(; dr[i]r[i+1]) 12 nhd nhit.

Téng quing dudng di chuyén ciia cac xe 1a nho nhit.

Mot 15i gidi théa man moi diéu kién tir 1 dén 3 & trén dudc goi 12 mot 15i giai hop Ié.
Ngudc lai, 16i giai d6 dudc goi 1a khdng hop Ié.

Chit lugng ctia mot 16i giai Sol dudc ddnh gia bdi Dist(Sol). Gia tri nay cang nhd thi
161 giai cang tot. Loi gidi Sol* dudc goi 12 t6i wu khi va chi khi né 1a mot 19i giai hop 1&
va khong c6 101 gidi hop 1€ Sol’ nao khac ma Dist(Sol’) < Dist(Sol*). Luu y 1a ¢6 thé

.....

c6 nhiéu 15i giai tbi vu cho mot bai todn CVRP.

Nhén xét, khi K = 1, Q = oo, bai toan CVRP tr§ thanh bai toan ngudsi dua thu TSP
(Traveling Salesman Problem). Do do, bai toan CVRP kho hon bai toan TSP.



HINH 1.2: a) M6t vi du cho CVRP, trong d6 hinh vudng 1a kho hang, hinh tron la khach
hang, s6 ghi dui mdi khach hang 14 nhu ciu tuong dng; b) Mot 18i gidi hop 1é
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Ngudi ta da chiing minh dugc, kiém tra liéu mot 10i giai hop 1 c6 tbi vu hay khong
thudc 16p NP-day di (NP-complete), trong khi tim 19i gidi t6i uu thudc 16p bai todn
NP-khé (NP-hard) (Toth and Vigo 2002).

1.4 Céc bién thé cia CVRP

Muc nay gidi thiéu mot s6 bién thé phd bién khac ctia CVRP.

Tit bai toan CVRP, ta c6 thé thu dudc mot bién thé méi bang cach thay ddi bai todn gbe

theo mdt trong ba cach sau:

1. Thay d6i cAu tric tuyén xe.

2. Thay d6i ham muc tiéu.

3. Thém cac rang budc cho céc tuyén xe.
1.4.1 Thay doi cau truc tuyén xe

Bing céch thay ddi cau triic clia tuyén xe, mdt s6 bién thé ¢ thé thu dugc do la:

e Dinh tuyén xe voi nhiéu kho hang (Multi-depot Vehicle Routing Problem).



Trong bién thé nay, thay vi chi c6 mdt kho, sé c6 nhiéu kho hang c6 sdn. Xe xuét
phat tit kho nao thi van phai két thiic chuyén di tai kho dy. P& tim hiéu thém, ¢

thé xem tai (Jean-Francois Cordeau, Michel Gendreau, and Laporte 1997).

e Pinh tuyén xe v6i giao hang phén tin (Capacitated Vehicle Routing Problem
With Split Delivery).

Khéch hang c6 thé dudc giao hang nhiéu lan béi nhiéu xe. D& tim hi€u thém, c6
thé xem tai (Archetti, Maria Grazia Speranza, and Hertz 2006).

e Dinh tuyén xe v6i xe da chuyén (Capacitated Vehicle Routing Problem With
Multiple Trips).

Mbi xe bay git c6 thé thuc hién nhiéu chuyén di thay vi mot nhu trong CVRP. D&
tim hi€u thém, c6 thé xem tai (Taillard, Laporte, and Michel Gendreau 1996).

1.4.2 Thay d6i ham muc tiéu

Bing céch thay d6i ham muc tiéu, mot s bién thé c6 thé thu dugdc d6 la:

e Dinh tuyén xe t6i da héa 1¢i nhuan (Vehicle Routing Problem with Profits).

Mbi khach hang sé dudc gian thém mot s6 1a 16i nhuin thu dudc khi khach hang
d6 dugdc phuc vu. Trong bién thé nay, khong nhit thiét moi khach hang phai dugc
phuc vu. Muc tiéu ctia bién thé nay la tdi da héa 1oi nhuan, dudc tinh bing téng
lgi nhuén ctia cdc khiach hang dudc phuc vu trit di tong do dai quang dudc di
chuyén bdi cic xe chd hang. D& tim hi€u thém, c6 thé xem tai (Archetti, M Grazia

Speranza, and Vigo 2014).

e Dinh tuyén xe MinMax (MinMax Vehicle Routing Problem).

Trong bién thé nay, khodng cach di chuyén 16n nhét cac mot tuyén xe can dudc tbi

thi€u héa. D€ tim hiéu thém, c6 thé xem tai (Golden, Laporte, and Taillard 1997).

e Dinh tuyén xe toi thiéu sb lugng xe sit dung (Vehicle Routing Problem with

Minimization of the vehicle fleet).

S6 lugng xe can dung d€ phuc vu tit ca khach hang 1a cang it cang t6t. Néu c6
nhiéu 15i giai can dung cung mot sb lugng xe it nhat, cin tim 19i gidi c6 tdng
khoang cach di chuyén 1a nhd nhit. D€ tim hiéu thém, c6 thé xem tai (Bent and
Van Hentenryck 2004).



1.4.3 Thém céc rang budc cho cic tuyén xe

Bing cach thém mot s6 rang budc, mot sb bién thé c6 thé thu dugc do6 1a:

e Pinh tuyén xe véi khoang thoi gian giao hang (Capacitated Vehicle Routing

Problem with Time Windows).

Mai dia di€m, kho hang va khach hang, sé c6 mot khoang thdi gian “hoat dong”
cia n6. Can giao hang cho khéich hang trong khoang thdi gian “hoat dong” cla
khach hang d6. Xe chd hang c6 thé dén sém hon va doi cho t6i khi c6 thé giao
hang cho khich. Xe can phai xuit phat va két thic chuyén di trong khoang thdi

gian “hoat dong” ctia kho chita. D€ tim hiéu thém, ¢6 thé xem tai (Solomon 1987).

e Pinh tuyén xe véi dia diém nhan/giao hang (Capacitated Vehicle Routing
with Pick-up and Delivery).

V6i méi khach hang, ta biét dia diém can dén dé€ nhan hang va dia diém giao hang
cho khach hang nay. RS rang dé€ giao dugc hang, xe cin phai dén dia di€ém nhan
hang trudc. D€ tim hiéu thém, c6 thé xem tai (Parragh, K. F. Doerner, and Hartl
2008).

e Dinh tuyén xe vdi kich thuée hang da chiéu (Capacitated Vehicle Routing

Problem with Loading Constraints).

Nhu cau ctia mbi khach hang khong con dudc biéu dién bang mot s6 nita ma c6 thé
bing hai hoic nhiéu hon. Néi cach khac, kich thuc hang héa dugc van chuyén sé
c6 nhiéu chiéu (dimension). P& tim hiéu thém, c6 thé xem tai (Michel Gendreau
et al. 2008).



Chuong 2

Cac cong trinh nghién ciru lién quan

Trong chuong nay cic phuong phap gii bai toan VRP di dudc cong bd sé& dugc dé cap.

Céc phuong phép giai bai toan VRP ndéi riéng va cac bai toan thudc 16p NP-kho nodi

chung c6 thé dudc chia 1am ba loai:

e Thuat toan chinh xac.

Nhu tén goi, thuat toan chinh xdc ddm bao 18i giai tdi uwu sé dugc tim thiy trong
mot khoang thdi gian hitu han. Tuy nhién, thoi gian chay cua né trong truéng hgp
t6i nhét 12 rat 16n, do d6 16p thuat toan nay chi giai dudc nhiing bai todn c6 kich
thudc nho hoac via.

Thuaét toan heuristic.
Heuristic c6 thé hiéu 12 mot dinh huéng tim kiém 16 gidi. Cac thuat toan heuristic
thuong cho ra dudgc 15i gidi hop 1 v6i chit luong chap nhin dudc trong thdi gian

ngan.

Thuét toan metaheutistic.

Thuat toan metaheuristic 1a mot framework, st dung dinh huéng heuristic d€ tim
kiém 10i gidi. N6i don gian, metaheuristic thuc chét 1 heuristic v6i cch thiic st
dung dinh huéng tim kiém mot cach thong minh, phiic tap hon. Mot heuristic chi
4p dung dugc v6i mot 16p bai todn cu thé, con mdt metaheuristic c6 thé 4p dung

dugc véi nhiéu 16p bai toan.
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V6i kich thude dit liéu thuc cho bai toan VRP ngay cang tré nén ngay mot 16n hon, cac
thuat toan heuristic va metaheuristic phS bién hon so véi thuat todn chinh xdc. Dic biét,

metaheuristic dang la xu hudng nghién ctiu chinh.

2.1 Thuat toan chinh xac

Muc nay gidi thiéu mot s6 thuat toan chinh xac thudng ding dp dung cho bai todn VRP.

e Nhanh ciy va giGi han 1vi giai - B&B (Branch and Bound).

B&B 12 mot trong nhiing tiép can dau tién d€ gidi 16p bai toan VRP. B&B c6 thé
dugc tom tat nhu sau. Tap hop cac 10i giai sé dudc bidu dién bdi mot cay, trong
d6 mot dudng di tir dinh gdc t6i dinh 14 bidu dién mot 16i giai. Loi gidi tdi uu nhét
dugc tim kiém bang cach duyét trén cdy nay. Vi moi mot nhanh ciy, sé c6 mot
ham danh gi4, néu ta tiép tuc di vao nhanh ciy day thi do t6t tt nhat ctia 1i gidi
thu dugc s& 1a bao nhiéu. Néu do tét tot nhét khi di vao nhanh ciy dé khong tot
hon 16 giai tot nhAt da phat hién dudgc (tai thdi diém hién tai) thi nhdnh cay d6 sé
khong dudc di vao dé tiét kiém thoi gian.

¢ Quy hoach dong (Dynamic programming).

Quy hoach dong 12 phuong phap gidi cac bai todn phiic tap bang cach chia nhé né
thanh c4c bai toan con, gidi cdc bai todn con d6, rdi tdng hop lai d€ giai bai toan
ban dau. Phuong phap niy dudc phat trién bsi Richard Bellman vao nhiing nim
1950 va da dudc ting dung trong nhiéu linh vuc.

° Luﬁng trén mang (Network Flow).
Phuong phép nay phat biéu bai toan CVRP dudi md hinh cia bai todn ludng trén
mang (West et al. 1996).

e Pua vé bai toan chia tip hop (Set partitioning).

Phuong phdp nay phat biéu bai toan CVRP duéi dang bai toan chia tap hop, roi
sau d6 dung cac phuong phap da cé giai bai toan chia tap hgp. Mot bai bao da
dung phuong phap nay do la (Baldacci, Nicos Christofides, and Mingozzi 2008).
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2.2 Heuristic

Heuristic ¢6 thé dudc chia 1am hai loai:

e Heuristic xdy dung

e Heuristic cai tién

2.2.1 Heuristic xay dung

Heuristic dang nay xay dung 15i gidi bang cach bat du tir 15i giai rong, sau dé tiing bude
thém vao 10i gidi mot thanh phan hgp Iy nhdt cho dén khi 19i gidi hop 1€ hinh thanh.

Dudi day 1a mot s6 heuristic xay dung cho bai todn VRP.

e Thuét toan tiét kiém.
Thuét todn tiét kiém (saving algorithm) (Clarke and Wright 1964) 13 heuristic ndi
tiéng va 1au doi nhat. Thuat todn nay rat hay dudc dung dé tim 13i giai ban dau bdi
tdc do nhanh va két qua tét ctia nod.
Thuat todn sé tinh saving(i, j) vi moi cdp khach hang (i, j) 1a chi phi tiét kiém
dugc khi ndi hai tuyén xe, mot 1a r1 thim khach hang i cudi cing, mot 1a 72 thim
khdch hang j dau tién. Ta c6 cong thic saving(i, j) = doi+ doj — d;;.

HiNH 2.1: Thuat todn tiét kiém: trudc va sau khi ndi tuyén xe

T——

Mot 15i gidi ban dau dugc khdi tao trong d6 mdi tuyén xe chi thim ding mot
khach hang. Sau do, tiing cdp khach hang (i, j) dudc duyét theo saving(i, j) giam

dan s& dudc xi ly nhu sau. Néu hai tuyén xe r1, r2 c6 thé “ndi” dudc véi nhau

(tdc sau khi n6i van théa man vé diéu kién téng nhu cau khong qui dung lugng
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xe) thi ndi ching lai tao thanh tuyén xe méi r = r1 x r2. Loi gidi dudc cap nhat
béng céch loai bd 1, 2 va thém méi r: Sol = Sol \ {r1,r2} U{r}. Thuat todn két
thic khi khong thé thay ddi 16i giai dugc nita.

Luu ¥, 18i gidi thu dudc ti thudt toan nay khong dam bao 13 hop 1&, vi s6 ludng
tuyén xe c6 thé vuot qua sé luong cho phép.

Thuat toan quét goc.

Thuat todn quét géc (sweep algorithm) (Renaud and Boctor 2002) bao gém hai
giai doan. Pau tién 13 phan cum (cluster), cic khach hang thudc cing mot tuyén

xe sé thudc cing mot cum. Tiép theo, 4p dung bai toan TSP cho tiing cum.

HiNH 2.2: Thuit toan quét goc

Cluster 2

Cluster 1
Cluster 3

Giai doan phan cum nhu sau. Gid si céc vi tri clia khach hang va nha kho c6 thé
bi€u dién trén mit phang toa do 2 chiéu. Cho gbc ctia hé toa do tring véi nha kho.
S& c6 mot tia c6 gde triing v6i gbe toa do. Tia ndy sé quét mot vong tron. Khi tia
“cham” mot khach hang i, néu c6 thé thém i vao cum hién tai » ma vin didm bao
diéu kién vé dung lugng xe, ta sé thém i vao r. Ngudc lai, tao mot cum méi chi

chua i. Sau khi tia quét mot vong tron, ta thu dugc mot phan cum cac khach hang.

2.2.2 Heuristic cai thién

Heuristuc cai thién con dudc goi 1a tim kiém dia phuong (local search). Heuristic nay

xdy dung 15i gidi bang cach bat diu tir mot 16 gidi tdi, sau d6 tiing budc cai thién 15i gidi

hién tai bang cach thay d6i mot s6 thanh phan cta 16i gidi cii. Loi giai thu dudc bang
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cach thay d6i mot sb thanh phan dudc goi 1a k& nhau, hay 1a lang giéng véi 18i giai cil.
Do d6 ta c6 tén goi tim kiém dia phuong.

Céc cach thiic cai thién 10i gidi thudng 1a thay ddi thanh phan trong mot tuyén xe hoic
trdo ddi/thay ddi cc thanh phan trong mot cip tuyén xe. Vi du, mot khach hang c6 thé
bi chuyén sang tuyén xe khic, hai khach hang & hai tuyén xe c6 thé bi trio d6i, hay thi tu
thim khach hang trén mot tuyén xe bi thay ddi, van van. Qua trinh tim kiém dia phuong
sé& két thic khi 161 giai khong thé dudc cai thién nita. Loi gidi thu dudc 12 mot 15i gidi tdi

uu cuc bo.

2.3 Metaheuristic

2.3.1 Tim kiém Tabu

Thuat todn tim kiém Tabu dudc dé xuét bdi Glover vao nim 1989 (Glover 1989). Tim
kiém Tabu dudc thiét ké dé gitip tim kiém dia phuong thoat khoi ving t6i wu cuc bo,
bing cach tam cho phép di dén nhiing 10i giai lang giéng toi hon.

Trong thuat todn tim kiém dia phuong, khi khong ton tai mot lang giéng nao t6t hon
hién tai, thuat toan sé két thiic. Tuy nhién & tim kiém Tabu, khi diéu d6 xay ra, budc di
sang lang giéng to6i hon vAn dugc tam chip nhan dé€ thoat khoi ving t6i uu cuc bo. S& c6
mot danh sach luu céc 161 gidi da dugc thim gan diy nhit cing v6i mot danh sach cac
luat cAm dinh nghia bdi ngudi dung. Loi giai lang giéng da dudc thim gan day hoic vi
pham phai luit cAm thi s& khong dugc thim lai nita. Danh sach cic luat cAm dudc goi
1a danh sach tabu (tabu c6 nghia 12 khong thé cham t6i trong ngdn ngit ctia vuong qudc

Tonga).

Tim kiém Tabu dudc st dung rong rai dé giai cac bai todn 16p VRP. Montané va Galvao
phat trién mot thuit todn tim kiém Tabu dé gidi bai toan dinh tuyén xe vdi dia diém
nhan/giao hang (Capacitated Vehicle Routing with Pick-up and Delivery) (Montané and
Galvao 2006). (Jean-Fran Cordeau, Laporte, and Mercier 2001) giGi thi€u thuat toan
Tabu song song dé giai bon bién thé clia bai todn VRP: bién thé ¢ dién CVRP, periodic
VRP, multi-depot VRP va site-depentdent VRP.

Tim kiém Tabu con dudc két hop véi cac thuat toan khac dé gidi quyét bai toan VRP.

Mot két hop gitta tim kiém Tabu va thuit toan tim kiém lang giéng gan nhit (Nearest

Neighborhood Search) dudc gidi thiéu béi (Du and He 2012) c6 thé gii nhiing bai todn
14



VRP c6 kich thuéc 16n. Thuét todn nay dudc chia 1am hai giai doan. Giai doan thi nhét
dung tim kiém lang giéng gan nhat d€ xay dung 15i giai ban dau va giai doan thi hai 4p

dung tim kiém Tabu.

Mot sb nghién ctiu khac di 4p dung tim kiém Tabu cho bai toan CVRP va cic bién thé
la (M. Gendreau et al. 1999), (Brandao 2009), (Ngueveu, Prins, and Calvo 2009), (Liu,
Xie, and Garaix 2014). D€ tim hiéu thém, c6 thé doc bai khao sat vé thuit toan Tabu

ung dung cho bai toan VRP cuia (Basu 2012).

2.3.2 Thuat toan luyén kim

Thuat toan luyén kim, nhu tén goi, m6 phong qua trinh luyén kim loai trong d6 kim loai
ban dau dudc nung & nhiét d6 cao rdi sau d6 dugc lam lanh dan. Thuit toan luyén kiém

gidp tim kiém dia phuong thoat khéi viing t6i uu cuc bd.

Thuaét toan luyén kim c6 mot tham sb nhiét do thay ddi theo thdi gian 7. Ban dau T 16n,
sau d6 sé dan dan giam vé 0. Khi dang & 10i gidi s, 1i gidi lang giéng s/ s& dudc chon
dé€ di chuyén t6i v6i mot xac suat. Chit luong clia s/ cang tot thi x4c suit ndy cang cao.
Ham x4c suat phu thudc vao T. Khi T cang nhd, cang tién vé 0 thi xdc suét di chuyén
t6i lang giéng s/ v6i chat luong 10i gidi kém hon 15i gidi hién tai s s& cang vé nhd, cang
vé 0. N6i cach khdc, ban dau thuat toan cho phép di chuyén t6i nhitng 15i gidi c6 chat
luong thip d€ khai phd dugc nhiéu khong gian 15i gidi nhung vé sau chi cho phép di
chuyén t6i 16 giai tét hon ma thoi.

Thuét toan luyén kim da dudc ap dung cho bai toan VRP tur nhitng nam 1990, vi du nhu
12 (Osman 1993) va (Chiang and Russell 1996). (Tavakkoli-Moghaddam et al. 2011) dé
xuit mot thuat toan luyén kim giai bai toan dinh tuyén xe v6i khoang thoi gian giao
hang VRPTW (Vehicle Routing Problem Time Windows). Ciing giai bai toian VRPTW,

(BafiOs et al. 2013) dé xuit mot thudt toan ciing dua vao thudt toan luyén kim.

2.3.3 Giai thuét di truyén

Giai thuat di truyén (genetic algorithm) 1a mot thuat toan mo phéng qua trinh chon loc
tu nhién ctia cdc quan thé sinh vat. Holland gi6i thiéu thuat toan di truyén vao nim 1960
dua vao thuyét tién héa ctia Darwin, sau d6 hoc trd ciia 6ng 13 David E. Goldberg mé
rong né vao nam 1989 (J. Sadeghi, S. Sadeghi, and Niaki 2014).
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HiNH 2.3: So d ctia giai thudt di truyén

Initialize Population

v

- Fitness Calculation

i Yes
Terminate? > ———» Results

lNo

Selection

v

Crossover

v

] Mutation

Trong thudt toan nay, mdi ca thé trong mot quin thé biéu dién mot 16i giai cho bai todn
can gidi. Ban dau, mot qu?;m thé (ttic mot tap hop cac 18i giai) dude khéi tao mot cich
ngu nhién. Quan thé ban diu nay dudc goi 1 thé hé diu tién. Sau d6, qua trinh tién
héa quan thé nay sé dudc thuc hién nhiéu 1an, mdi 1an mot thé hé méi hay mot quan thé

mdi sé dugc sinh ra.

Thé hé méi dudc tao thanh bang cach nhu sau.

Pau tién 12 qua trinh chon loc (selection). Mdi c4 thé & thé hé cii sé c6 mot xac suit
“sdng sét” d€ c6 thé tiép tuc ton tai & thé hé méi. Loi giai tuong ting véi mot cd thé co
do tdt cang cao, xac suit cd thé d6 sbng sét sang thé hé ké tiép 1a cang 16n.

Tiép dén 1a qua trinh tuong giao chéo (crossover). Vi mbi mot ca thé can “sinh” ra cho
thé hé m&i, mot ciip cd thé sé dudc chon ngau nhién nhién dé 1am “cha me”. Cip ca thé

“cha me” nay sé dugc két hdp véi nhau, theo mot quy tac dinh nghia trudc, d€ “sinh”

ra dudc cé thé méi. Quy tac “sinh” con cho cdc bai toan khac nhau thi khac nhau. Cach
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“sinh con” co ban nhat 12 1Ay mop niia thanh phan ciia ca thé “cha” va mot nia thanh

A

phan ctia c4 thé “me” roi “tron” lai v6i nhau dé tao dudc cd thé “con”.

O budc tiép theo, mdi ca thé ctia quan thé méi sé bi dot bién gen (mutation) theo mot
x4c suat cho trudc. Ciing nhu céach thiic “sinh” con, céch thiic dot bién & cac bai todn
khdc nhau thi khdc nhau. Cach dot bién co ban nhét 1a thay d6i mot thanh phan clia ca
thé.

Sau dé, tif quan thé mdi c6, mot quan thé méi hon nita lai dudc tao ra theo cach thic néi
trén. Quad trinh nay lip di 1ip lai cho dén khi diéu kién diing dudc thda man, nhu 12 thdi
gian chay t6i da. Loi gidi ctia bai todn chinh 1a c4 thé ot nhit trong tat ca cdc quan thé

da dugc tao ra.
So do tdng quat ctia thuat todn di truyén dudc cho & hinh 2.3.

Mot s6 nghién ctiu 4p dung giai thuat di truyén vao bai toan VRP va da thu dudc két qua
xuét sac 1a (Prins 2004), (Nagata and Briysy 2009), (Vidal, Crainic, Michel Gendreau,
Lahrichi, et al. 2012).

2.3.4 Tbi vu héa dan kién

Pugc phat trién bdi (M. Dorigo, V. Maniezzo, and A. Colorni 1991), thuat toan toi wu
héa dan kién (Ant colony Optimization - ACO) 1a mot thut toan metaheuristic dudc ap
dung rong rdi cho nhiéu bai todn t6i wu t& hgp. Thuit todn tdi uu héa dan kién mo phong
céc con kién trong tu nhién dé lai vé&t mui ctia minh trén dudng di. Chi tiét cta thuat

toan sé dudc dé cap mot cach chi tiét & chuong 3.

Di c6 nhiéu cong bd st dung tbi vu hda dan kién dé gidi 16p cc bai todn VRP. (Reimann,
Stummer, and K. Doerner 2002) két hop thuit todn ti uu hda dan kién vé6i heuristic tiét
kiém d€ giai bai toan CVRP. Ciing giai bai toan CVRP, (Chen and Ting 2006) dé& xuét
thuat toan hé kién trong dé6 mui chi dudc cap nhat cho con kién tot nhat. (Zhang and
Tang 2009) dé xuat mot thuat toan két hop thuit toan dan kién véi tim kiém scatter
(scatter search). (Akpinar 2016) lai két hop thuat todn t6i uu dan kién véi tim kiém lang
giéng rong (large neighborhood search) dé giai CVRP va cic bién thé. Mdi day, (Goel
and Maini 2018) két hop thuit todn kién véi thuat todn dom dém (firefly) cho két qua
kh4 t6t trén bai toan CVRP.
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Chuong 3

Phuong phap ACO dé xuéat

Trong chuong nay, mot thuat toan tdi uu dan kién giai bai todn CVRP sé dudc dé xuat.
Pau tién, thuat todn tbi uu dan kién sé dugc nhac lai. Sau d6, cach thiic 4p dung n6 cho
bai toan CVRP sé dugc trinh bay.

3.1 Tbi wu héa dan kién

Thuat toan tdi vu héa dan kién mo phong qua trinh dé€ lai vét mui trén dudng di ciia cic

con kién.

3.1.1 T kién tu nhién dén kién nhan tao

Ngudi ta quan sat cdc con kién trong tu nhién trén dudng ti td né dén nguodn thiic in

bang thi nghiém nhu hinh 3.1.

HiNH 3.1: Thi nghiém quan sét kién
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Céc con kién trén duong di ctia minh s& dé lai mot chit héa hoc goi 1a vét mui (pheromone)

d€ ddnh diu duong di.

O thi nghiém trong hinh 3.1a, sau mot thdi gian cc con kién sé di theo chi mét trong
2 nhanh. DPiéu nay dudc giai thich nhu sau. Ban dau, khi d6i mit v6i ngi ré, con kién
s& Iva chon ngiu nhién mot trong 2 nhanh dé di tiép. Theo thoi gian, s& c6 mdt nhanh
dudc chon nhiéu hon nhanh con lai, tit d6 vét mui d€ lai trén nhanh d6 sé nhiéu hon. Ma
kién lai dua vao vét mui d€ chon dudng di, nén cic con kién sé dan dan di theo nhanh
c6 vét mui ddm hon nay, khién vét mui ngay cang nhiéu hon nita. Cubi ciing, tit ca cic

con kién déu di theo mot con dudng.

O thi nghiém trong hinh 3.1b, sau mét thdi gian cic con kién sé di theo nhanh ngan hon.
Diéu nay dudc gidi thich nhu sau. Ciing nhu trén, ban du con kién sé lua chon ngiu
nhién mot trong hai nhanh d€ di tiép. Tuy nhién, con kién di theo nhanh ngin sé dén
nguén thic dn sém hon, né di vé t6 sém hon. Lic di vé, vét mui trén nhanh ng:fln nhiéu
hon nén kién lai di theo nhanh ngin d6, din dén vét mui trén nhanh ngan cang nhiéu
thém. Dan dan, vét mui trén nhanh ngan sé di dam dic d€ thu hit tat ca kién di theo
nhanh doé.

Mot thi nghiém khac ntra dudc cho 6 hinh 3.2.

HiNH 3.2: Thi nghiém quan sét kién

@ 30 phut ~ a
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Ban dau, chi c6 mot dudng di dai giita t& va nguodn thifc in. Sau mot thdi gian, mot con
dudng ngan hon dudc thém mdi. Tuy nhién, kién khong chon dudng di ngan hon méi ma

van di theo dudng di dai cii. Ly do 14 vét mui trén dudng di dai cii dam dic hon nhiéu.

Nhu vy, ta thdy rang, kién tu nhién di chuyén dua trén xac suit va thong tin dia phuong
(chinh 1a vét mui) d€ tim dudng di gita 2 dia diém. V&t mui thuc chit 13 mot thong tin
hoc ting cuong, bdi vét mui 12 mot ddnh dau cta dudng di tdt. Tuy nhién, nhu da thiy
trong thi nghiém thif hai, vét mui chua han da t6t bai né khong cho phép kién kham pha
duong di méi tot hon.
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Dua vio quan sit nay, Dorigo (M. Dorigo, V. Maniezzo, and A. Colorni 1991) dé xuét
thuat toan hé kién (Ant System) dé& giai bai todn TSP. Hiéu qua clia thuit toan nay da
dudgc kiém ching bang thuc nghiém. Thuit toan nay vé sau dugc phat trién, goi chung
12 t6i wu héa dan kién (ACO).

3.1.2 Thuat toan ACO
Muc nay trinh bay tom tit nhiing ¥ cd ban nhét ctia thuat todan ACO. D€ biét chi tiét hon
c6 thé xem tai (Marco Dorigo and Stutzle 2004).
Thuat toan dugc dinh nghia trén mot do thi G = (V, E), trong do:
e V la tap dinh, mdi dinh dng v6i mot thanh ph?m cua 1oi giai. Mot 161 giai dude
bi€u dién bdi mot chudi c6 thi tu cdc thanh phan.
e E latap cdc canh (c6 huéng) trén dd thi. (i, j) € E c6 nghia 1a thanh phan 15i gidi

ting véi dinh j c6 thé dudc ghép sau thanh phan 10i gidi i.

Nhu vay, mot 18i giai ctia bai todn dang giai tuong ung véi mot duong di (c6 thé di qua
moi dinh hoiic khong, tly tiing bai todn) trén G. Do thi G con dudc goi 1a dd thi cau

tric.
MJi canh (i, j) sé ¢6 thém hai thong tin:
e h;; la heuristic trén canh (i, j). Gia tri nay cang 16n thi heuristic dinh huéng la
cang mudn duong di dng vdéi 16i gidi di qua (i, j).

e 1;; 1a thong tin hoc tdng cudng trén canh (i, j). Gid tri nay mo phong vét mui ctia
con kién trong tu nhién. Ta cling s& goi #; 1a vét mui. V&t mi ndy cang 16n thi

kién sé c6 xu huéng chon canh (i, j) nay khi dang & dinh i.
t;j 6 gid tri trong khoang [Tpin, Tnax]. Thong thuong, ¢; sé dugc khdi tao bing

Tmax .

Trong trudng hop déc biét, A;; va t;; chi phu thudc vao dinh dd thi. Khi d6 ching sé& dugc

gan vao dinh chi khong phai vao canh nita.

Thuat toan ACO tong quat c6 cac budc thuc hién sau.
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Thuét todn Lip mot s6 vong, mbi vong sé& co hai giai doan xay ra.
Giai doan mot.
Nan: con kién nhan tao sé dong thoi tim kiém dudng di 15i giai. Mdi con kién sé tao 10i
giai theo céch thuc:
1. Chon mot dinh ngiu nhién uo 1am thanh phan dau tién ctia 15i gidi.

2. Gia st kién da xay dung dudc dudng di < ug,u1,...,ur =i >. Goi A 1a tap hop
cac dinh ma kién c6 thé di tiép tir i. Thong thudng, A sé chiia moi dinh ké véi i
ma chua c6 trong 15i gidi hién tai. Kién sé chon mot cach ngiu nhién dinh thanh

phin uy = j,j € A d€ di tiep vGi xdc sudt chon P(j) la:
P(j) = { Teeali?nP " €
Onéu j ¢ A

trong d6 o, B 1a hai tham sb cda thuat toan.

3. Néu kién xay dung 15i giai xong, két thiic. Ngudc lai lip lai budc 2.

Vét mui trén mdi canh sé dudc cap nhat. V&t mui trén mdi canh déu sé bi bay hoi di.
Nhiing canh thudc 13i gidi dudc tao bdi mot trong s6 nhiing con kién & vong nay (hoic
chi bdi con kién tot nhit) sé dudc ting vét mui 1én. Nhin chung quy tic cip nhat mui
trén canh (i, j) s€ c6 dang:

tij < (L= p) xtij + A, j)
trong d6 p 1a tham sb bay hoi, c6 gid tri thudc khoang (0, 1). A() 12 ham ting vét mui

cho nhitng canh tot. C6 nhiéu loai ham A() khac nhau.

3.1.3 Tém tat thuét toan ACO

Ma gia thuat toan ACO
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So dd cta thuat toan ACO dudgc cho 6 ma gia (pseudo code) duéi day.

Algorithm 1: So d6 thuit toan ACO

Khdi tao tham s6, ma tran mui;

while diéu kién ditng chua théa man do

for i < 1 to ny,; do

Chon ngau nhién uy € V;

Loi giai cia kién ban dau s =< ug >;

while s chita hoan thién do

Gia st s =< ug,uy,... up =1>;

Dit A 12 tip céc dinh c6 thé dén ti i

Chon j € A ngiu nhién theo xic suét: P(j) = %,

Thém j vao s;

Cap nhat vét mui: #;; < (1 —p) x t;j+ A, j);

Cic tham s6 quan trong

Céc tham s6 quan trong can nhd trong thuat toan ACO d6 1a:

® 7., 12 56 luong con kién xay dung 13i gidi trong mdi vong lip.

e o, 3 1a hai tham s6 ting véi vét mui va thong tin heuristic. Hai tham sb nay gitp
“can bang” gitta thong tin vét mui va thong tin dinh huéng heuristic. Khi mudn
kién bi 4nh hudng bdi vé&t mui nhiéu hon 1a thong tin heuristic, ta cho & 16n hon

B va ngugc lai.

® Tin, Trna thid tu 12 gid tri nhé nhét, gia tri 16n nhat ma vét mii ctia mot canh c6

thé nhan.
e p €(0,1) Ia tham s bay hoi.

e A(i, j) 1a ham ting vét mui Ién nhiing canh c6 kién di qua.

3.2 Ap dung ACO cho bai toan CVRP

Muc nay dé xuét cach thifc 4p dung ACO cho bai toan CVRP. Mt s6 ki hiéu trong phan
phat biéu bai todan CVRP & muc 1.3 sé dudc st dung lai.
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Do thi céu tric cho bai toan CVRP c6 tap dinh la cac khach hang 1,2,...,n

Gibng nhu thuit todn ACO tdng quat, thuét toan dé xult cling c6 3 bu6e chinh. Pau tién
12 khdi tao ma tran heuristic va vét mui. Budc 2 va budc 3 sé dudc Lip di lip lai mot sd
1an. O budc 2, ngy con kién nhan tao sé 1an lugt xay dung 15i giai. Sau d6 ma trin vét

mui sé dugc cdp nhat & bude 3.

3.2.1 Budc 1: Khéi tao ma tran heuristic va vét mui

Vet mui £;j = Tpqx V61 V khdch hang i, ;.

Thong tin heuristic 4;; = d . Khi khoang cach d;; gitta i va j cang nho thi thong tin
heuristic gitta ching cang ldn, tir d6 c6 nhiéu kha ning dudc chon hon.

3.2.2 Budc 2: Kién tao 1vi giai

C6 ngy: con kién sé xay dung 15i giai. Mdi con kién xay dung 15i gidi theo cach sau.

Ban dau, c6 K tuyén xe rong (nghia la xe van dang & vi tri xuat phat) dudc tao. Sau do,
trong khi van con khach hang chua dudc giao hang, chon cic xe d€ thim cac khach hang

day:

1. Goi C la tap hop cac khach hang chua dugc tham.

2. Chon ngau nhién p trong s6 K dé€ cho ching di tiép thim cac khach hang chua
dudc phuc vu.

3. Tao mot do thi diy di 2 phia B, trong d6 mdt phia tuong tng véi tap p xe dudc
chon, phia con lai tuong tng véi tdp khach hang chua duge phuc vu C.

Gia st xe r dang thim khach hang i cudi cing, khi d6 canh ndi gitta dinh tuong
ting véi r va dinh tuong ting v6i khach hang j trén do thi B sé c6 trong s6 la:

[1:j]%[h ]]ﬁ
Yoccltie] *[hi]P

w(r, j) =

4. St dung thuat toan Hungarian', tim cip ghép véi tdng trong s6 cuc dai M trén B.
V6i moi canh (r, j) thudc cip ghép M, ta s& cho xe r di tiép thim khich hang j.

'https://en.wikipedia.org/wiki/Hungarian_algorithm
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Luu y, néu viéc di thim tiép khach hang j khién xe r phdi ché qua Q lugng hang

cho phép, ta vin cif tam chip nhén cho r thim j.

Lai giai thu dudc tir kién c6 thé 1a mot 161 gidi khong hop 1€, bsi tdng nhu cu ctia khach
hang trén mot tuyén xe c6 thé vuot tdng dung luogng t6i da Q clia xe. PE giai quyét van
dé nay, dong thdi ting chit luong 15i giai, ta s& 4p dung thuat todn tim kiém dia phuong,

v6i cac thao tac chinh stta 16i giai nhu sau:

e Trio d6i 2 khach hang & 2 tuyén xe khéac nhau.

e Trio ddi 2 khach hang trén cing mot tuyén xe.

3.2.3 Budc 3: Cap nhat vét mui

Sau khi tt ca ng, da xay dung 16i giai, 18i gidi t6t nhit Sol, trong sd ching sé dugdc
biét. V&i mdi canh (i, j), mui trén canh nay sé dugc cap nhat dua trén viéc canh nay c6

thudc 161 giai hay khong.

; (1 —p) X tij+P X Tax néu (i,j) € Solpegs
ij =

(1=p) X tij+p X Tpin néu (i, j) & Solpest

Quy tic cap nhat mui & trén dudc goi 1a quy tic SMMAS. Dé thiy, sau mdi 1an cip
nhat mui, bt dng thic Ty < #;; < Tnax van ding. Dong thdi, vét mui trén nhiing canh
khong thudc Solp, sé bi giam di, trong khi vét mui trén nhitng canh thudc 15i gidi S0l

s€ tang lén.

Loi gidi tot nht trong s nhiing 15i giai dudc sinh ra sé 1a két qua cho bai todan CVRP.

24



Chuong 4
Két qua thuc nghiém va két luan

Thuit todn d& xuét, da dudc trinh bay trong muc 3.2, dudc cai dit bang ngdn ngit C++11
va sé dudc chay thit nghiém trén mot s dit liéu cho bai toan CVRP.

Thuat toan dé xuit sé dudc thi nghiém d€ so sanh véi cac thuat todn kién phd bién giai

bai toan VRP di dudc cdng bd trudc do.

4.1 Di liéu

La mot bai toan dudc nghién cifu nhiéu, VRP ¢ nhiéu bo dit liéu thudng dudc nhiéu
nghién ciu st dung. Trong s6 nhiing b dit liéu d6, luan vin chon bo dit lieu CMT
cong bd béi (Christofides et al. 1979) bdi day 1a mot bo dif liéu truyén théng, dong
thdi nhitng thuét todn dugc dung so sanh vdi thut toan dé xuat déu st dung bd dit liéu
nay. Bo dit liéu CMT dugc tai vé tif dia chi http://vrp.atd-1lab.inf.puc-rio.br/
index.php/en/.

Dt liéu CMT Ia mot bd di liéu mo phong, trong d6 kho hang va khach hang dugc biéu
dién bdi cac vi tri trén mit phang toa do 2 chiéu. Khoing cich giita 2 diém dudc tinh
bang khoang cach Euclid (khong 1am tron t6i s6 nguyén gan nhit).

Bo dit liéu CMT c6 14 bai todan VRP can giai. Mot ntia s6 bai todn 12 dit liéu phu hop
cho CVRP. Mot nita s6 con lai c6 thém rang budc vé d dai quang dudng tdi da ma mot
xe ¢6 thé di chuyén va mbi khach hang c6 thém thong tin vé thdi gian phuc vu. Vi thuat

toan dé xuat chua xi ly dudc rang budc vé do dai quing dudng di chuyén t6i da ctia mot
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xe nén chi c6 7 bai todn phit hgp v6i CVRP trong bd dit liéu nay dudc chon dé chay thuc
nghiém. Chi tiét cu thé vé 7 bai toan nay dudc cho & bang 4.1.

BANG 4.1: Dit liéu CMT

STT Tén S6 khach hang | S6 lugng xe | Dung luong | Két qua tot nhit
n k chtta cua xe Q
1 | CMTO1 50 5 60 524.61
2 | CMTO02 75 10 140 835.26
3 | CMTO03 100 8 200 826.14
4 | CMT04 150 12 200 1028.42
5 | CMTO05 199 17 200 1291.29
6 | CMTI11 120 7 200 1042.12
7 | CMTI12 100 10 200 819.56

Két qua tot nhit cho 7 bai toan dudc st dung da dudc chiing minh 12 t6i uu.

4.2 Thiét lap tham so

Do thuit todn dé xuit sit dung nhiéu tham sé nén dé c6 dudc két qua tot can phai thi

nhiéu bo tham s6 khéc nhau.

Ba tham sb quan trong nhit clia thuat ton dé xuét dé 1a a, B, p. Qua thuc nghiém trong
(Marco Dorigo, Vittorio Maniezzo, Alberto Colorni, et al. 1996), tac gia nhan xét bd
tham s& o = 1.0, B = 5.0, p = 0.1 cho két qué tot hon han cdc bo tham s6 khac. Bo
tham sb nay c6 B 16n hon nhiéu so véi «, tiic thong tin heuristic can phai c6 anh huéng
16n hon thong tin vét mui. Pau tién luan vin sé ki€ém tra xem nhan xét nay c6 ding doi
v6i bai toan CVRP khong.

Dit liéu CMTO1 sé& dudc chon dé thuc nghiém véi 3 bd tham sd khac nhau & mdi 8. 8
sé dugc chon ting dan tit bé hon ¢, bang o r6i 16n hon . Cu thé:

e« a=20,=10.

o a=20,=20.

e a=2.0,8=3.0.
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Két qua thuc nghiém dudc cho & do thi trong hinh 4.1. Truc x clia do thi tuong ng véi
s6 vong ldp dugc thuc hién con truc y tuong ting v6i két qua & vong lip tuong tng.

HiNH 4.1: D thi so sanh khi tham s6 thay d6i

528.0
—i— alpha=2 beta=1
uuuuuuu Mﬂw‘ alpha=2,beta=2
527.5 1 —e— alpha=2,beta=3
527.0 4
o 526.5
=]
(=2
et
L)
2 526.0
525.5 1
525.0 1
524.51_ : ; . . '
0 10 20 30 40 50
sé vong lap

Dua vao hinh 4.1 cho thdy bd tham s6 a = 2.0, 8 = 3.0 gitip thuat toan hoi tu nhanh
nhét. Khi 8 ting dan, thdi gian hoi tu clia thudt toan gidm dan. Do d6 c6 thé thiy 12 nén

thiét 1ap tham sb B > a dé€ c6 dugc két qua tot.

Dé chay 7 bai toan CVRP, dua vio cdc quan sat trén, tham s sé dudc thiét 1ap nhu sau:

S6 lugng kién dugc ding cho mbi vong 1ip 1a ng,, = 20.
e Vét mui cuc tiéu va cuc dai: Tyax = 1, Thpin = % trong d6 n 12 s6 luong khach hang.

e p=2%:khikién tao 16i gidi 6 budc 2, chi c6 mot nita s6 xe 1a duge phép “di tiép”.

oc(1,3],B€[3,7 B >a).

p €0.1,0,3] (p chi cho nhan gia tri nhd xong quanh 0.1).
Diéu kién diing clia thuat toan la:
e S lugng vong lip tdi da 1a 100

e Thoi gian chay khong qua 2000 gidy (khoang 30 phut).
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4.3 Két qua thuc nghiém

Thuat toan dé xuit s& dudc so sanh véi 3 thut toan t6i uu héa dan kién da dugc cong
bd trude do:

e SBA (Saving based Ants): (Reimann, Stummer, and K. Doerner 2002)

e SS-ACO: (Zhang and Tang 2009)

e LNS-ACO: (Akpinar 2016)
V6i mdi trong 7 bai toan CVRP dudgc chay thuc nghiém, két qua tot nhit clia thuat toan
dé xut trong tat ca cic bd tham sd dudc ding sé& dugc dung dé so sanh véi 3 thuat toan

né6i trén. Két qua so sanh dugc cho & bang 4.2. Nhitng két qua dudc boi den 12 nhiing

két qua ma thuat toan dé xuat tot hon hoic tot bang véi ba thuit toan dudc so sanh.

BANG 4.2: Két qua: so sanh véi 3 thuit toan kién khac

STT Tén SBA | SS-ACO | LNS-ACO | thuét toan dé xuét
1 | CMTO1 | 524.63 | 524.61 524.61 524.61
2 | CMTO2 | 838.60 | 835.26 835.26 835.26
3 | CMTO3 | 828.67 | 830.14 826.14 826.14
4 | CMTO04 | 1040.09 | 1038.20 | 1046.03 1030.60
S5 | CMTOS | 1303.53 | 1307.18 | 1341.40 1317.09
6 | CMTI1 | 1042.12 | 1044.12 | 1042.12 1042.12
7 | CMTI2 | 819.56 | 824.31 819.56 819.56

Mot hinh anh truc quan hon so sanh thuat todn dé xut v6i 3 thuit toan SBA, SS-ACO,
LNS-ACO dudgc cho & biéu do cot trong hinh 4.2.

4.3.1 Phan tich két qua

Dua vao bang 4.2, cho thdy: 6 trong téng s6 7 bai toan CVRP (CMTO01, CMTO02,
CMTO03, CMT04, CMTO011, CMT12) thuat toan d& xuét cho két qua t6t hen hoic tot
b?lng 3 thut toan con lai. Mdi mot trong s6 6 bai todn nay déu c6 it nhat mot thuat toan

dugc so sénh ma thuat toan dé xuit cho két qua t6t hon han. Bai toan con lai (CMTO05),
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HiNH 4.2: Biéu dd cot: so sanh véi 3 thuat toan kién khac
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thuit toan dé xuét chi thua 2 thuit toan SBA va SS-ACO, con lai thi hon hén so véi thuét
toan LNS-ACO.

Tiép theo, luan viin sé so sdnh do tt clia thudt todn dé xuét so v6i két qua t6i vu da dugc
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cong bd & céac cong trinh trude d6. Pdi v6i mot bai toan CVRP, goi a 1a két qua tot nhit
da tiing dudc cong bd va b 1a két qua cho bdi mot thuat toan khac. Khi d6, phdn tram
khodng cdch (gap) ciia két qua thu dudc bdi thuat toan d6 so véi két qua tét nhat dugc

biét la:
b—a

x 100

phdn tram khodng cdch =

Néu phan trim khoang cach am, thuit toan phat hién dudc két qua tot nhit méi. Néu
phan trim khoang cach bang 0, thuit toan tim dudc két qua tot bang so vdi két qua tot
nhét ting dudc cong bd. Néu phan trim khoang cich duong, thuat todn cho ra két qua
kém hon so véi két qua tot nhét ting dude céng bd. Do 7 bai toan CVRP dugc ding
thit nghiém da dugc phat hién két qua t6i vu rdi nén trong trudng hop nay phan trim
khoéang cich luén khong am. Bang phan trim khodng cach cla thuit todn dé xuét va 3
thuat todn dugc so sanh dugc cho & bang 4.3. Cac sb dugc boi dam cho biét thuit toan

dé xuét c6 phan trim khoang cach t6t hon hoic t6t bang 3 thuat todn con lai.

BANG 4.3: Két qua: so sanh véi 3 thuat todn kién khéc theo phan trim khoang cach

STT | Tén SBA | SS-ACO | LNS-ACO | thuat toan dé xuat
1 | CMTO1 | 0.0038 0 0 0
2 | CMTO02 | 0.3999 0 0 0
3 | CMTO3 | 0.3062 | 0.4842 0 0
4 | CMTO04 | 1.1348 | 0.951 1.7123 0.212
5 | CMTOS | 0.9479 | 1.2306 3.8806 1.998
6 | CMTI11 0 0.1919 0 0
7 | CMTI2 0 0.5796 0 0
trung binh 0.4 0.49 0.8 0.32

Dua vao bang 4.3 cho thiy: thuat todn dé xuét va thut toan LNS-ACO phat hién dugc
5 két qua tdi uu, trong khi 2 thuat toan SBA va SS-ACO con lai chi phat hién dugc 2 két
qua t6i uu. Tuy cung cho ra dugc 5 két qua tbi uu cho ciing 5 bai toan CMTO01, CMTO02,
CMTO03, CMT11 va CMT12, phan trim khodng cach trung binh clia thuat toan dé& xuat
van t6t hon so véi LNS-ACO.

Vay c6 thé két luan: d6i véi bo dit lieu CMT, thuit todn dé xuit cho ra dugc két qua tot
nhét trong s6 3 thuit toan dudc so sanh: SBA, SS-ACO va LNS-ACO.
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4.3.2 So sanh thei gian chay

Bén canh két qua t6t, thdi gian chay 1a mot khia canh quan trong can phai dudc so sanh.
R rang néu hai thuat todn cho cting mot két qua, thuat todn véi thoi gian chay it hon sé

tot hon.

Thuat toan dé xuét sé dudc so sanh vé thdi gian chay so v6i 2 thuat todn SBA va SS-
ACO. Do khéng tim dudc chi tiét thdi gian chay trong bai bdo, thuit todn LNS-ACO sé&
khong dudc so sanh.

Moi truong chay thuat toan cuia ting thuat toan nhu sau:

e SBA: chay trén may tinh Pentium III va v6i 900Mhz CPU Speed.

e SS-ACO: cai dit bang ngoén ngit C++, chay trén mdy tinh IBM véi 512MB RAM
va véi 1600Mhz CPU Speed.

e Thuit toan dé xuét: cai dit bang ngén ngit C++, chay trén mdy tinh c¢6 bd vi xi ly
intel(R) Xeon(R) CPU E5-2697 va 3200Mhz CPU Speed.
Chi tiét vé thoi gian chay tinh theo don vi gidy clia 3 thuét todn dudc cho & bang 4.4.

BANG 4.4: Thoi gian chay (don vi gidy)

STT | Tén SBA! | SS-ACO | thuit toan dé xuit

1 | CMTO1 | 3.6 55.23 0.6

2 | CMTO02 | 20.4 70.43 5.28
3 | CMTO03 | 822 | 120.25 59.69
4 | CMTO4 | 504.6 | 250.76 65.2
5 | CMTO5 | 1992 | 707.8 96.64
6 | CMTI1 | 206.4 | 232.46 327
7 | CMTI2 | 79.8 | 156.47 1.77
trung binh | 412.71 | 227.63 37.41

Bang 4.4 cho thiy thuit toan dé xuét c6 thdi gian chay nhanh hon vuot troi so v6i 2 thuat
toan SBA va SS-ACO.

I'SBA bio cdo thdi gian chay theo don vi phiit. D& dong nhit theo don vi gidy, phiit da dudc nhan 1én
60.
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4.4 Kétluan

Chi phi van chuyén hang héa chiém mot lugng 16n trong GDP ciia toan cau. Do dé,
néu ta tiét kiém dudc chi phi nay thi s& rit c6 y nghia vé mit kinh té. Bén canh do, chi
phi van chuyén gia ting dong nghia véi viéc nhién liéu tiéu thu gia ting, dan tSi luong
khi thai tang anh huéng nghiém trong t6i mdi trudng. Vi vay, nghién ciiu bai toan dinh
tuyén xe VRP ¢6 tng dung rat 16n trong thuc tién.

Céc bai todn VRP trén thuc té c6 kich thudc rat 16n. Vi vy, mot thuét todn gidi quyét
n6 can phai c6 tde do chay nhanh. Dua trén nhu cau d6, luan vin nay dé xuat thuat toan

metaheuristic t6i wu héa dan kién dp dung cho bai toan VRP.

Bing céch chay thir nghiém trén bd dit liéu CMT va so sanh véi 3 thuat toan kién da
dugc cong bb trude d6 cho thiy: thuat toan dé xuit tét hon so véi nhitng thuat toan dugc
so sanh. Tuy nhién, phan thuc nghiém van con so sii, do d6 mot s6 cong viéc sé phai

thuc hién trong tuong lai, do la:

e B0 dit liéu CMT c6 kich thudc nhd, do dé trong tuong lai can so sanh véi nhiéu
bd dit liéu khéc nita d€ c6 mot két qua khach quan hon.

e Can phai so sdnh thuit toan dé xuit v6i nhiing thuit toan t6t nhat hién nay chi
khong chi don thuin so sanh véi nhung thuét toan ciing dung t6i uu héa dan kién

nhu thuét toan dé xuat.

e M4 rong thuat toan dé xuat dé€ c6 kha ning gidi dudc nhiéu bién thé phic tap hon
ctia VRP. Nhiing bai toan VRP trong thuc té c6 nhiéu diéu kién, rang budc phic
tap hon nhiéu so v6i CVRP, do d6 mudn thuat todn dé xuit c6 tng dung thuc tién

can phai md rong no.
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