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Muc tiéu chinh cGia nghién cru nay |a tim ra giai phap cho van dé dinh tuyén xe bang cach
st dung céac thuat toan di truyén. Bai toan dinh tuyén xe (Vehicle Routing Problem -VRP) la
mot bai toan tdi wu héa td hop phirc tap thudc Iép NP - day di (nondeterministic polynomial
- complete). Vehicle Routing Problem |4 mét van dé toan hoc, va dé bai gbc ciia bai toan nay
g6i gon trong cau hai: “Lam thé nao dé tao ra mot 16 trinh t6i wu cho mot ddi xe giao hang téi
mot lwong khach hang c6 s8n?”. Bai bao nghién clru thuat toan di truyén va ky thuat tim
kiém dé tim ra giai phap dung ho&c gan dung dén cac van dé téi wu hdéa va tim kiém dé giai
bai toan dinh tuyén xe.

Vehicle Routing Problem (VRP), Genetic Algorithm.

The main objective of this research is to find a solution to the Vehicle Routing Problem using
genetic algorithms. Vehicle Routing Problem (VRP) is a complex combinatorial optimization
problem of class NP-complete. The Vehicle Routing Problem is a math problem, and the
original problem of this problem is encapsulated in the question: “How to create an optimal
route for a fleet of vehicles to deliver to an existing customer? ". The article studies genetic
algorithms and search techniques to find the correct or approximate solutions to
optimization and search problems to solve vehicle routing problems.

Vehicle Routing Problem (VRP), Genetic Algorithm.

phap tiép can bang thuat toan dé giai quyét
van d& cung cap xang dau cho cac tram dich

C6 thé phét biéu bai toan VRP co ban mot
cach don gian nhu sau: C6 mot tap hop M xe
gidng nhau cing xuat phat tai mot kho hang
di lam nhiém vy giao hang cho N khéach hang,
mdi khach hang doi hoi cung cap mét lugng
hang nhat dinh. Yéu cau dit ra cua bai toan la
tim duong di ngan nhat cho M xe dap ung
duoc tat ca cac doi hoi cua khach hang [1].

Vehicle Routing Problem bat ngudn tir nam

1959 khi George Dantzig va John Ramser
[2][3] thiét Iap cong thic toan hoc va phuong

vu. Nam 1964, Clarke va Wright di cai tién
céch giai cua Dantzig va Ramser bang cach sir
dung mot céch tiép can khac, duoc goi la
thuat toan tiét kiém. Tur d6 thi sy quan tdm
dén VRP di dugc mé rong tir mot nhom céc
nha todn hoc sang pham vi rong cac nha
nghién ctu va cac nha thyc hanh, tir cac
nganh khac nhau, trong nhiéu linh vuc

Cac phuong phap giai chinh xac dam bao loi

giai toi wu s& duoc tim thay trong mot khoang
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thoi gian hitu han. Tuy nhién, thoi gian chay
ctia nd trong trudng hop toi nhat 1a rat 16n, do
do 16p thuat todn nay chi giai dugc nhiting bai
todn co kich thudc nhé hoac vira: thuat toan
nhanh can (brand and bound) [4], thuat toan
sinh cot [5]...

Céc phuong phap gan ding gdm céac giai
thuat cho chat luong 10i giai gan véi 1oi giai
t6i vu nhu nhém c4c giai thuat heuristic ¢b
dién, nhém céc giai thuat tim kiém cuc bo va
nhom céc giai thuat metaheuristic [6, 7]. Mot
trong s6 ching 1a giai thuat di truyén (GA), la
phuong phap tim kiém téi wu ngdu nhién
bang cach mé phong theo su tién hoa caa con
nguoi hay cua sinh vat. Tu tudng cua giai
thuat di truyén 12 mé phong cac hién tuong tu
nhién, 12 ké thira va dau tranh sinh ton.

Trong thuat toan nay, mdi c& thé trong mot
quan thé biéu didn mot 1oi giai cho bai toan
can giai. Ban diu, mot quan thé (tirc mét tdp
hop cac loi giagi) dugc khai tao mot cach ngau
nhién. Quan thé ban dau nay dugc goi la thé
hé dau tién. Sau d6, qua trinh tién hoa quan
thé nay s& duoc thuc hién nhiéu lan, mdi lan
mot thé hé mai hay mot quan thé méi s& duogc
sinh ra.

Thé hé méi duoc tao thanh bang cach nhu
Sau:

= Pau tién 1a qué trinh chon loc (selection).
MJi ca thé & thé hé cii s& c6 mot x&c suat
“song sot” dé co thé tiép tuc ton tai ¢ thé hé
méi. Loi giai twong tng véi mot ca thé co do
thich nghi cang cao, xac suat ca thé do song
s6t sang thé hé ké tiép 1a cang lon.

= Tiép dén l1a qua trinh lai ghép chéo
(crossover). V&i mdi mot ca thé can “sinh” ra
cho thé hé mai, mot cip ca thé s& dugc chon
ngau nhién nhién dé 1am “cha me”. Cap ca
thé “cha me” nay s& dugc két hop véi nhau,
theo mot quy tic dinh nghia trude, dé “sinh”
ra duoc ca thé mai. Quy tic “sink” con cho
cac bai toan khac nhau thi khac nhau. Céach

“sinh con” co ban nhat la iy mét nira thanh
phan cua cé& thé “cha” va mot ntra thanh phan

cua ca thé “me” rdi “tron” lai v6i nhau dé tao
duoc ca thé “con”.

= O budc tiép theo, mdi cé thé cua quan thé
méi s& bi dot bién gen (mutation) theo mot
X4c suit cho truéc. Ciing nhu céch thuc
“sinh” con, cach thirc dot bién & cac bai toan
khac nhau thi khac nhau. Cach do6t bién co
ban nhét 1a thay d6i mot thanh phan cua cé
thé.

Sau d6, tir quan thé méi c6, mot quan thé moi
hon ntra lai duoc tao ra theo qua trinh ndi trén.
Qué trinh nay lap di lap lai cho dén khi diéu
kién dimg duoc thoa man, nhu 1a chi phi téng
cac tuyén duong 1a nho nhat. Loi giai cua bai
toan chinh 1a ca thé tét nhat trong tat ca céac
quan thé da duoc tao ra.

2. MO HINH TOAN HOC

Bai toan VRP duoc biéu dién bai mot tap V
cac xe van chuyén, mot tap C céc khach hang
va mot do thi c6 hudéng G. Pb thi G ¢6 |C[+2
dinh, cac khach hang la cac dinh tr 1, 2,..., n;
dinh 0 biéu thi kho xuat phat va dinh n+1 biéu
dién cho kho két thlic. Tap A cac cung do thi
biéu dién két ndi kho véi khach hang va giira
khach hang véi nhau. Méi cung (i, j) c6 gia tri
chi phi c;j. Mdi khach hang i c6 nhu cau d;.
Mot 16 trinh bat dau tir kho xuat phét, di qua
mot s6 khach hang va két thic tai kho hang
két thiic, mdi khach hang duoc mot xe phuc
vu. Muc tiéu cua bai toan la tim mot phuong
an diéu doi xe hop 1y dé giao hang téi tt ca
cac khach hang sao cho tong chi phi 1a nho
nhat.

M hinh todn hoc cua bai toan nhu sau, gia
Su:

n: Tong s khach hang can phuc vy;

K: Tong s6 chuyén xe;

N={0, 1, ...,n+1}: Tap cac dinh cua do thi;
V ={0, 1, .., K}: Tap céc xe van chuyén;
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C=1{1,2,...,n}: Tap cac khach hang;
cij: Chi phi di tir i dén j;
Qg: suc chura cua mot xe;
di: nhu cAu tai nGt i.
Khi d6 ta c6 cac bién trong md hinh
Xijk: biéu dién xem mot xe k co di tir khach
hang i dén khach hang j khéng voi
. _{ 1 néu xe thir k di tir { d&n j

Lk 0 v&i cac trwdng hop con lai
trong doi, j € N,k eV
yik: biéu dién khach hang i c6 dugc xe k phuc
vu khong vai

_ { 1 néu xe thir kdi dén i

Yie =10 véi cac trudorng hop con lai
trongdoi e N,k eV
Ham muc tiéu cua bai toan:

min>. > > CiXi

ieN jeN keV

Céc rang budc cua bai toan:

ZieNXijk :yjkvje N,keK (1)
Z ieN Z kek Xijk =1lvjeC (2)
Z ien Xijk _z ien Xijk = OvjeCkeK (3)
ZieNyjk*dqu vkeK (4)
D X =1 VkeK (5)
Z ienXiow =0 VkeK (6)
Z ieN Kin+1)k =1 vkeK (7)
Z jen X ek =1 vkeK (8)

trong d6: (1) bieu dién mdi lién hé gitra x va y.

(2), (3): dam bao mdi khach duoc mot xe
phuc vu. (4) dam bao stc chira moét xe. (5),
(6), (7), (8) d&am bao moi 16 trinh déu bat dau
va két thic tai kho

Viéc mo hinh hoda bai toan VRP dugc nghién
ctru bai nhiéu tac gia va da duoc trinh bay chi
tiét trong cac bai béao [8-11].

3. THUAT TOAN DI TRUYEN GIAI BAI
TOAN VRP

3.1. Biéu dién l&i giai

Loi giai (nhidm sic thé) duoc biéu dién thanh
chudi cac sé nguyén co thé hoan vi. Mdi sb
nguyén trong chudi 12 mot sb nguyén gan cho
mot khéach hang. Thi tu gene trong nhidém sic
thé 1 tht ty tham cua céc Xe.

Vi dy: Vi 0 Ia kho, 10 1a kho két thiic
Lotrinh1:0>1—-9—>10
Lotrinh2:0 >4 —>6—>8—10
Lotrinh3:05>3—52—>7—->5—-10

Chudi s6 trong nhiém sic thé ung vai 1oi giai
nhu sau:

159-5(-1)>4-56->58->(-2)>3->
2—>7—-5

3.2. Kh&i tao quan thé ban dau
Phuong thuc khoi tao quan thé duoc mo ta
nhu sau:

1. Thuc hién thuat toan K-Means chia cac
khach hang thanh k cum (k = tong so xe).

2. V&i moi xe, khai tao ngau nhién mot 16
trinh trén cum khach hang twong ng.

3. Tong hop 16 trinh cac xe, ta c6 phuong an
tuong tng.

4. Lap lai hai budc trén dén khi c6 du quan
thé.

3.3. Lwa chon ham thich nghi

Ham thich nghi cua bai toan VRP c6 thé duogc
dinh nghia nhu sau:

trong d6: f; 1a do thich nghi cua ca thé thir i, d;
la tong d6 dai quiang duodng di, ¢; 1a tong chi
phi str dung cac xe. Nhu vay, loi giai duoc
danh gia 1a tot hon dua vao hai yéu té: tong
quang duong di, chi phi st dung xe la nho
nhét.
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3.4. C4c thao tac di truyén

3.4.1. Lwra chon cathé

Bai viét dung phuong phap ldy mau
Stochastic universal sampling — SUS) dé tim
ra cac ca thé cha me tét nhiam thuc hién tai to
hop.

Quy trinh thyc hién SUS nhu sau:

1. Tinh tong céc gia tri thich nghi cua quan
thé F.

2. Tinh khoang cach gitra cac con tro P = F/N,
véi N 12 s6 cé thé duoc gitr lai.

3. Tinh gia tri cac con tro

Pointers =[S+ i=Plvéii € [O,N — 1]

4. Tinh mot gia tri ngau nhién S € [0,P).

5. Véi mdi P € Pointers, néu i 1a nho nhat
ma tai d6 tdng cac gia tri thich nghi tir 0 dén i
>= P thi ca thé i duoc lya chon.

3.4.2. Trao déi chéo

Bai viét nay dung bién thé ciia phuong phap
trao d6i chéo ¢ tha ty dugc goi 1a trao doi
chéo khong go6i (Non-Wrapping Ordered
Crossover — NWOX);

Vi du:

NST 1: HCBD | GFE | NJALK

NST 2: CAGE | BDF | LKIJH

Str dung NWOX ta thu dugc céc con la:

NST con 1: HCGE | BDF | IJALK

NST con 2: CABD | GFE | LKIJH

3.4.3. D6t bién

Trong pham vi bai bao nay, phuong phap dot
bién dang déo gene duogc ap dung

3.4.4. Tao thé hé méi

O mdi thé h¢, cac ca thé tdt hon duogc lva
chon tir quan thé hién tai d&é xay dung thé hé

tiép theo, cac cé thé con mai sinh tir trao doi
chéo va dot bien s€ dugc thém vao quan thé

hién tai. Céc c4 thé trong quan thé dugc sip
xép giam dan theo d6 thich nghi. Quan thé
mai sé€ dugc xay dung sau khi loai bo cac ca
thé tring lap va cac ca thé kém nhat.

Nhu vay, thuat todn di truyén giai bai toan
VRP dugc thé hién nhu sau:

Buéc 1: Tién hanh phan cum khéch hang
thanh k-cum (k 1a s6 xe ché hang).

Budc 2: Khai tao quan thé ban dau gdm N ca
thé tir qué trinh phan cum.

Budc 3: Danh gia tinh thich nghi ctua cac ca
thé trong quan thé ban dau.

Budc 4: Lap lai tir bude 4.1 dén bude 4.4 dén
khi vuot qua sé thé hé cho phép:

= Buoc 4.1: Chon céc ca thé de tai to hop
bang phuong phap SUS;

= Buéc 4.2: Thuc hién trao doi chéo bang
thuat toan NWOX;

» Budc 4.3: Thuc hién dot bién céc ca thé;

* Budc 4.4: Danh gia tinh thich nghi ctua cac
ca thé trong quan thé hién tai va xay dung
quan thé mai.

Budc 5: Tra vé két qua va két thlic thuat toan.
4, CAI DAT THUAT TOAN

Duéi day, thuat toan GA duogc cai dat béng
ngdn ngit lap trinh R. Chuong trinh duoc viét
va bién dich trén Rstudio 1.4.1717 va chay
trén may tinh ca nhan Core i7-E7440 4600U
2.7GHz 8G RAM. Sau khi khai dong RStudio,
chon project 13 CVRP_NCKH. Pé cai dit
thuat toan, ta xay dung cac ham sau:

Ham khoi tao quan thé:
glant_path <- function(distance, demand);

Ham tinh d6 thich nghi caa ca thé trong quan
thé:

Fitness <- function(x,
distance);

capacity, demand,
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Ham thuc hién phép toan lwa chon 2 ca thé
trong GA:

gaperm_rwSelection <-function(ga_route);
Ham thuc hién phép toan lai ghép 2 cé thé
trong GA:

gaperm_oxCrossover <- function(ga_route,

parents=suggestion_route);
Ham thuc hién phép toan dot bién ca thé trong
GA:

gaperm_swMutation <-
parent= suggestion_route).

function(ga_route,

Ham tao quan thé:

ga_route <- ga(type = "vermutation”, fitness =
fitness, capacity = 6000, demand =
route$Demand, distance = route distance,
lower = 2, upper = max(route$i.Customer),
selection = gaperm_rwSelection, crossover =
gaperm_oxCrossover, pcrossover = 0.8,
mutation = gaperm_swMutation, pmutation =
0.1, popSize = 50, maxiter = 100, suggestions
= suggestion_route, keepBest = TRUE,
monitor =T).

5. T,HU’ NGHIEM VA DANH GIA THUAT
TOAN

Cac thong sd cau hinh cho thuat toan duoc
thiét 1ap nhu sau:

=S4 xe sir dung 50 xe;

= Kich thuéc cua quan thé: 250 cé thé;

= S6 luong thé hé t6i da 2500 thé hg;

= XA&c suat trao ddi chéo 12 0.75;

= X&c suat dot bién 12 0.07;

= Chi phi stir dung mét xe la 200.

Két qua thuc nghiém nhu hinh 1:

-600

—*— Best
P oo -~ Mean
PR s b S Median
T T T T T
0 20 40 60 80 100

1 | 1 1 1

Fitness value

Q e 2
2. afoaR iy F 82 070 o,
O [Pl B By Suf

L

-1000 -BOO

Generation

Hinh 1. Két qua thwc nghiém cha thuat toan GA
trén tap div liéu

Hiéu qua cua céc thuat todn GA phu
thudc vao khdi teo quan thé giant_path va cac
phép toan di truyén trong GA. Két qua
c6 dugc khi so sanh thuc nghiém GA vai
s6 lieu tham khao trén  website
https://www.sintef.no/projectweb/top/vrptw/s
olomon-benchmark/100-customers/ [12], chi
tiét duoc thé hién trong bang 1.

Trong bang 1, cot dau thé hién 4 nhém mau
dir liéu Vai két qua thuc nghiém, véi dir liéu
khéch hang tir 25 khach hang dén 1000 khach
hang, thuat toan GA cho két qua t6t hon.

Bang 1. So sanh két qua trung binh
gitra céc 1an thwe nghiém

Phuong P )
phép Ket qua Chuong
x tot nhat | trinh GA
Mau
R1 12.00 36.00
1217.73 3070.24
R? 2.73
967.75
c1 10.00
828.38
co 3.00 16.78
589.68 1985.25
6. KET LUAN

Céc thuat toan di truyén cung cap maot céch
tiép can rat tha vi dé giai quyét cac van dé
khéng thé ap dung mot phuong phap chinh
xac. Bai bdo da trinh bay rd thém cac kién
thirc co ban dinh tuyén xe, 1am rd thuat toan
di truyén va tién hanh thuc nghiém véi bo di
liéu duoc phan loai cu thé.

Viéc ting cac giai thuat heuristic va két hop
cac giai thuat tim kiém trong céc qua trinh dot
bién, trao ddi chéo 1a huéng nghién cau tiép
theo cua bai bao.
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