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Sv gia tdng gan day trong viéc st dung phwong tién bay khéng ngwdi 1ai drone cho viéc
giao hang, da dap ng yéu cau ti wu héa sw van hanh cla quy trinh giao hang. Chung toi
xem xét dén bai toan téi wu héa DPinh tuyén Lap lich Drone Song song xem xét dén loi
nhuan. Trong bai toan nay, xe tai giao hang va ddi drones dwoc st dung két hop. Xe tai chju
trach nhiém phuc vu khach hang & nhirng noi vwot qua tam bay cia drone hay nhirng
khach hang c6 goi hang nang. Ching té6i da nghién ctru muc tiéu Igi nhuan cta quy trinh
giao hang va dé xuét dung phuwong phap SA-ILS (Simulated Annealing - Iterated Local
Search) giai bai toan nguwoi giao hang 1ap lich drone song song nham dwa ra & giai véi loi
nhuan tdi da.

SA, SA-ILS, Drone, thuat toan moé phéng luyén kim, 13p lich.

The increasingly larger interest with Drone unmaned aerial vehicle in application to the
cargo delivery has gradually met the needs of optimizing the operation of delivery process.
We focus on researching the optimization problem of Parallel Drone Scheduling Vehicle
Routing (PDSVRP) with profit objective. At this problem, it uses combination between truck
and drone fleets. The truck is responsible for making delivery to customer beyond the
drone’s flight distance or heavy packages. We researched the profit objectives of delivery
process and recommended the SA-ILS method (Simulated Annealing-lterated Local
Search) for solving the parallel drone scheduling travelling salesman problem for a solution
with maximum profit.

SA, SA-ILS, Drone, annealing algoristhms, scheduling.

1. GIOI THIEU

Bai toan nguoi chao hang lap lich drone
song song PDSTSP (Parallel drone
scheduling travelling salesman problem) duoc
ldy nguyén mau cia Murray va Chu (2015)
[1], m& ra huéng nghién cau méi vé dinh
tuyén cho xe tai va drone. Muyc tiéu caa bai
toan PDSTSP la nhim tim dwoc dudng di
Hamilton cho xe tai va tap hop céc chuyén di
cho drone ma theo d6 gitip giam thiéu thoi
gian hoan tit nhiém vy giao phéat va quay vé
kho hang.

O bai toan PDSTSP, téc do6 phuc vu khach
hang, chit luong phuc vu cua hé thdng van
chuyén va chi phi van chuyén duoc quan tam
xem xét. Mot s6 tai liéu da khao ciru ham muc
tiéu lam giam thiéu tong chi phi van chuyén,
nhu 1a: Mathew va cong su [2] da xem xét Bai
toan Giao hang Hon hop HDP (heterogeneous
delivery problem); Ha va cong su [3] da
nghién ciu Bai toan nguoi chao hang voi
drone chi phi téi thiéu TSP-D (traveling
salesman problem with drone). Ham muc tiéu
tuong tu ciing dugc nghién ctru trong HVDRP
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(hybrid vehicle-drone routing problem) cho
cac dich vu dén va giao hang dugc Karak va
Abdelghany [4] gi¢i thiéu. Mbiadou Saleu va
cong su (2018) [5] da dua ra phép si€u suy
nghiém gém hai budc: Budc mi hoéa dé
chuyén céch giai PDSTSP kha thi thanh tuan
tu khach hang; va budc giai mi dé pha vo
tuan ty khach hang thanh 16 trinh cho xe tai va
céc chuyén di cho drones. NM.Anh va cong
su (2021) da dung thuat toan SISSRs dé giai
bai toan chi phi ti thiéu cho md hinh két hop
xe tai va drone [8].

Viéc giao hang bang drone hua hen la mot
cuoc cach mang trong nganh kinh doanh
logistics, song mot vai nhirng rao can ky thuat
dang luu tdm van can phai khac phuc trudc
khi drone dat dwgc su chap nhan rong rai
trong nganh thuwong mai nay. Trong khi nhiéu
nghién ctu nham vao viéc khac phuc nhiing
van dé ky thuat dat ra voi giao hang bang
drone, thi chi c6 mot sé it nghién ctu dé cap
dén nhitng thach thac van hanh. Khéc véi
kiéu giao hang bang xe tai truyén thong, kiéu
giao hang bang drone ¢ mot s6 wu diém
chinh:

= C0 thé diéu khién ma khong can phi cong.

= Tranh dugc tic duong do c6 thé bay bén
trén.

» Nhanh hon xe tai.
= Chi phi di lai thip hon xe tai truyén théng.

Tuy nhién, vi drones hoat dong dung nang
luong pin, khoang cach di chuyén t6i da va
kha nang chuyén chd ctia né han ché. Nguoc
lai, xe tai c6 uu thé vé& ning luc di chuyén
trong khoang cach xa. N6 c6 thé mang dugc
hang héa ning va cong kénh nhiéu kich ca,
nhung lai cham va c6 chi phi cao hon nhiéu.

Uu nhuoge diém cua xe tai va drone s& bu dép
cho nhau. Nén viéc sir dung két hop doi

drones va xe tai trong bai toan nguoi giao
hang lap lich drone song song véi chi phi toi
thiéu PDSVRP (min-cost Parallel Drone
Scheduling Vehicle Routing Problem) mang
lai hiéu qua dang mong dogi. Doi xe tai va
nhoém drones dugc phdi hop dé giao phat cac
goi hang téi tap hop khach hang, mdi khéach
hang dugc phuc vu mot lan. Xe tai s& thuc
hién nhiém vu trong pham vi mot chuyén di tur
kho hang, qua tat ca cac vi tri khach hang
dugc phan bo va quay lai kho hang. Drones s&
di lai gitta kho hang va khach hang, moi
chuyén di 1a mét lan giao phat. Téng thoi gian
lam viéc cua moi phuong tién (ca xe tai va
drones) khong vuot qua gigi han nhat dinh.
M6 hinh bai toan PDSVRP dugc md ta nhu
trong hinh 1: Puong nét lién bicu thi tuyén xe
tai, duong dut nét biéu thi tuyén drones.

Mic du c6 mot s6 nghién ciu vé viéc giai bai
toan PDSTSP véi chi phi tdi thiéu hay thoi
gian 1am viéc toi thiéu, nhung khong c6
nghién ctru nao da thyc hién 1am téi da hoa
muc tiéu loi nhuan cho bai toan. V&i muc tiéu
loi nhuan cua bai toan giao hang, mdi khach
hang déu dugc xem xét vai mot loi nhuan va
nghién ctu nay nham tao ra dugc ké hoach
thu thap loi nhuan cao nhat trong pham vi
rang budc thoi gian 1am viéc téi da cua xe tai
va drone.

Hinh 1. M6 hinh lap lich cho xe tai va tap drone [9]
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2. XAY DUNG MO HINH TOAN HOC CUA
BAI TOAN

Bai toan PDSTP duoc biéu thi trén do thi c6
huong G={N,E}, tap hop node N={0, 1,..., n,
n+1} c6 node kho hang (node 0) va ban sao
cua n6 (node n+l1) va tap hgp khach hang
C={1, 2..., n}. Tap khach hang chi dung xe
tai C, cC. Nhu vay, dat C. cC/C,la tap
khach hang phu hop vai ca hai phuong thic
giao phat xe tai va drone. Mdi khach hang
i e C s& gan véi loi nhuan p.

CO mot xe tai va mot tap hop m drones (D) cé
kha nang dap (rng cac nhiém vu giao phat tai
kho hang. Khoang cach yéu cau d6i vai xe tai
dé chuyén dich tir node ieCtéi node ieN

V6i (j#) duoc xac dinh bang dij va d’ la
khoang céch bay tir node i téi j cua drone. trén
thuc té drones sé& bay téi bay di giira kho hang
va khach hang, dat d’; = d’gi + d’jo 1a tong
khoang cach bay cua drone dé phuc vy khéc
hang ieC.. Véi cung cach thic do, t; biéu
thi thoi gian tiéu ton bai xe tai dé di lai trén
canh (i, j)ee, va t’; la thoi gian bay phai
tiéu ton khi drone phuc vu khach hang ieC,,
(bao gém thoi gian cho cac hoat dong: bay di
bay vé giita kho hang va khach hang, bbc va
d& g6i hang va thay pin (néu c6) cho drone).

Gia dinh:
= Mot drone chi mang mot g6i mot lan va
phai quay vé kho hang sau mdi lan giao phat.

= Dit liéu dau vao, chang han nhu sé lan lai
va bay twong (ng cua xe tai va drone, dugc
gia dinh 1 tat dinh.

= Stic chd cua xe tai la da 16n dé co thé phuc
vu dugc tit ca khéach hang.

Muc tiéu cta bai toan nay 1a nhim tim dugc
tap hop céc tuyén cho doi hdn hop xe tai va
drone 1am tdi da héa tong loi nhuan c6 duoc
cua tat ca cac phuong tién va lam thoa man

cac rang budc sau day:

= Mbi drone s& phuc vu mot khach hang mot
lan bang cach thuc hién cac chuyén bay tgi
bay lui trong pham vi khoang bay giai han.

= Mbi phuong tién (ca xe tai va drone) sé
phu thudc vao thoi gian 1am viéc t6i da T.

Cac tham sb st dung:

yi: bang 1 néu xe tai di chuyén qua node
i e N, bing 0 néu xe tai khéng qua node i.

Xij: bang 1 néu xe tai di tir node ie N t6i node
i € N, truong hop con lai bang 0.

Zij: bang 1 néu khach hang i€ C. dugc phuc vu
bang drone i e D, truong hop con lai bang 0.
7i: bién lién tuc biéu thi thoi gian xe tai t6i
khach hang ieC.

Bai toan PDSTSP véi lgi nhuan t6i da c6 thé
duoc dién giai nhu sau:

Tbi da hoa

AN 3 1)

ieC ieCp ieD

Rang budc

ZYi"‘ Z ;=1 €eCg 2
ieCr ieD,ieCp
y;=1 Vie{0,n+1} 3)
Z Xoi = (4)
ieN\{O}
Z Xi,n+1 :1 (5)
ieN\{n+1}
> x; =y, VieN\{n+1} (6)
ieN\L}
> x; =Yy, VieN\{0} )

ieN\{i}

Ti+tij STJ.+(1—X“)><(T +tij)
VieN, jeN,i# ]

T.<T 9

n+l —

(8)
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Z 7t <T (10)
ZZ.,.—ZZ.JJV'ED\{} (11)

E{O,l} (12)
X € {0,1} ieN, jeN (13)
Zje{O,l} VieCg, jeD (14)
T e {O,T} VieN (15)

Ham muyc tiéu 1 téi da héa loi nhuan. Rang
buoc 2 dam bao mdi khach hang chi dugc
phuc vu bang 1 xe tai hoac 1 drone. Rang
budc 3 dam bao rang xe tai di qua kho hang
va ban sao caa n6. Rang bugc 4 va 5 yéu cau
xe tai bat dau va két thic tuyén di tai kho
hang. Su duy tri dam bao tuyén chay cua xe
tai dugc thoa mén theo rang budc 6 va 7.
Rang budc 8 biéu thi mdi quan hé gitra bién t
va x. Rang budc nay ciing dam bao rang

khong cd 16 trinh phu nao trén tuyén cua xe tai.

Rang buoc 9, 10 la cac rang buoc thoi gian
lam viéc tdi da cua xe tai va drone. Rang budc
11: drone j phai két thic thoi gian lam viéc
khong cham hon drone j—1. Cudi cing, cac
rang buoc 12, 13, 14 va 15 nhim xac dinh
mién cua céc bién.

3. THUAT TOAN MO PHONG LUYEN KIM
CAl TIEN SA-ILS (Simulated Annealing -
Iterated Local Search)

3.1. Thuat todn M6 phéng luyén kim SA

Thuat toan SA dugc dé xuit nim 1983 boi
Scott Kirkpatrick [7]. Tén goi va y tuong cua
thuat toan bat nguon tir ky thuat luyén kim
trong nganh luyén kim, mot ky thuat sa dung
mot cach khéo 1éo viéc nung nong réi lam
nguoi vat lieu kim loai nhim lam ting kich
thugc va giam nhitng chd khuyét, 18m cua
chung. Nhiét @6 lam cho cac nguyén tir trong

vat liéu tré nén mat lién két, roi khoi vi tri ban
dau caa ching va di chuyén ngau nhién vao
nhitng noi ¢6 nang lugng cao hon; viéc lam
nguoi s€ lam tang kha nang nhan dugc mot
trang thai c6 noi nang thap hon so véi ban dau.
Luu d6 thuat toan nhu sau:

BEGIN

L4y ngAu nhién theo
nhiét d6 hién tai

Yes

Thay thé bing giai
phap mai

Con giai
phép tot hon
khong?

Pat duoc
muc thir

l Yes

Giam nhiét 6 xudng
murc danh nghia

Pat can
nhiét do
dudi

Hinh 2. Lwu d6 giai thuat SA
Cac budc nhu sau:
Buéc 1: Khai tao bo dém i = 0, nhiét do ban
dau To, trang thai ban dau x

Budc 2: (Qua trinh Metropolis TPM): Tao
trang thai x” theo co ché nhiéu loan.

Budge 3: Néu thoa man bude 2, hé théng dat
trang thai can bang thi chuyén sang budc 4,
nguoc lai thi quay vé buéc 2.
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Budc 4: Qua trinh giam nhiét do dé hé thdng
dat trang thai can bang
Budc 5: Qua trinh hoi tu: xac dinh nhiét do tai
trang thai can bang va cho két qua nghiém,
nguoc lai tang i = i+1 va quay budc 2.
3.2. Thuat toan M6 phéng luyén kim cai
tién SA-ILS
Dé giai bai toan PDSTSP tbi da lgi nhuan tac
gia cai tién thuat toan SA bang cach bo sung
thém bugc tim kiém cuc bo ILS (lterated
Local Search) nham khic phuc nhuoc diém
khong thoat dugc diém téi wu cuc bd cua thuat
toan SA tim dén diém téi wu toan cuc cua bai
toan.
Goi A la sai sb cua ham muc tiéu gitta cach
giai mai va cach giai hién co, va T la nhiét do
hién tai. To la nhiét 3o khoi tao cua T. Nhiét
d6 T giam trong qué trinh tim kiém théng qua
quy trinh 1am mat duoc kiém soat bai hé s6 o.
A
eT 14 x&c xuat gidi han cho viéc chap nhan
cach giai mai.
Thuat toan SA-ILS dé& xuat duoc trinh bay
trong Thuat toan 1.

Thuat toan 1. Thuat todn SA-ILS
X < bestInsertion(@);
Xposr € X5
T<«T;
d<«1;
iter < 0;
while iter < maxiter do
iter < iter + 1;
X «—perturbation(X, d);

X'« localSearch(X");

A « profit(X') - profit(X);

iﬂ'd < dmax then
d<«d+1;

A

if rand(0,1) < €7 then

X< X;
if profit(X) > profit(Xbest) then

Kpest <X,
o d<«1;
T« aXT,
Return  Xpest

Ham bestlInsertion(X) str dung thuat toan tham
lam[6] dé xay dung cach giai tir diém xuat
phat (X # 0) . Trudc hét ham nay s& chén céc
node sir dung drone theo mot trat tu giam dan
P
o

vé muc loi nhuan trén chi phi thoi gian

Quy trinh nay duoc lap lai véi tat ca cac drone.
Khéach hang con lai sau d6 dugc dugc chén
vao tuyén xe tai dé toi da hoa loi nhuan. Thuat
toan dung lai khi khdong c6 thém viéc chen
nao co thé xay ra. Loi nhuan theo céng thuc
(1) mdi lan chén c6 thé dugc danh gia theo
thoi gian khong doi.

Co ché nhiéu loan

Nhim tim ra phuong an t6t nhit, co ché
nhiéu loan dugc ap dung thong qua ham
perturbation(X,d), nhu dugc mo ta trong thuat
toan 2.

Thuat toan 2. Perturbation

Input: X. d
p* randInt(1,d);
X' T randomRemove (X, p);
X' 7 localSearch(X');
X' 7 bestlnsertion(X");
return X'

Trudc hét s& tach sé luong (dwoc tao ra ngau
nhién gitra 1 va d) khach hang khoi cach giai

76

TAP CHi KHOA HOC & CONG NGHE . SO 41 - 2023



KHOA HOC & CONG NGHE

hién tai X va chay toan tir localSearch(X”)
dé tim giai phap tét nhit cho nhoém khéch
hang nay. Sau do, pha tai 1ap duogc xu ly théng
qua ham bestlInsertion() nham tao ra 16 trinh
giao hang c6 loi nhuan tét nhat tai thoi diém
hién tai.

Tai mdi lan lap cua phuong phap ILS (tim
kiém cuc bo lap lai), quy trinh perturbation()
duoc st dung voi d 1a sé lwong khach hang
duogc tach ra. d dugc khoi tao 1a 1 va tang 1
cho mdi lan tim kiém ma khong c6 cai thién
nao cho dén khi dat duoc dmax. Khi cach giai
t6t nhat duoc tim thay, quy trinh ILS dung lai
cho nhom khach hang nay va d sé duoc tai
khoi tao bang 1 cho nhém khach hang duoc
tach ra tiép theo.

Nham thuc té hda cac cach giai, trong khoang
thoi gian goi bestInsertion(), nhiéu s& duogc
cdng vao cach tinh toan lgi nhuan trén chi phi.
Loi nhuan trén chi phi sau khi cong nhiéu
nhu sau:

. +—MaX. P
poc, = _PEMaGP +r (16)
cost; +max; p,
Vsi r~N(0,1) (17)

Quy trinh tim kiém cuc bo (ILS).

Hai vung lan can sau day duoc st dung trong
ham tim kiém cuc bo:

Hoan ddi: s& trao dbi sy phan giao cho hai
phuong ti¢n.

Di chuyén: tach khach hang khoi phuong tién
hién tai cua n6 va phan giao no téi mot
phuong tién Khac.

4. KET QUA THi NGHIEM

Chung t6i str dung thuat toan SA va SA-ILS ¢
trén dé giai cac truong hop thi nghiém véi sé
lugng khach hang ne{10,30}; thoi gian lam
viéc téi da Te{0,5;1} va kich ¢ cua doi
drone me{1,3,5}. M6 hinh nay dugc thuc
hién trén nén C++ thong qua thu vién IBM
ILOG CPLEX 12.10 Concert va chay trén
may macOS 11.1 véi b xu ly 2,3 GHz
Dual-Core Intel Core i5. Gigi han thoi gian
cia mdi truong hop duge dat 1a 30 phut.
Ching t6i da thyuc hién phép suy nghiém SA
va SA-ILS vai cung mot dang thice. M6 hinh
dat ra 10-khach hang va 30-khach hang; cac
thong sé dat ra: maxlter dugc thiét lap véi
25000 lan Iap; nhiét do ban dau Ty duoc dat 1a
—maxProfit+In(0.5); dmax duoc dat 1a 10 va hé
s6 kiém soat nhiét do « duge dit la 0,99975.
Phép suy nghiém duoc chay 10 lan va muc
tiéu tét nhat va muc tiéu trung binh s& duoc
ghi chép. So sanh chi tiét co thé thiy trong
bang 1 va bang 2, bang 3, bang 4.

Bang 1. Phwong phap SA va SA-ILS cac trwong hop 10-khach hang, T=0.5

T=0.5.
Instance SA Best SA-1LS
Profit R.Gap% Avg Time Gap%

10-c-c-0 43.9503 0.00 43.9503 43.9503 0.09 0.00
10-c-c-l 46.0901 0.00 46.0901 46.0901 0.08 0.00
10-c-c-2 28 9319 0.00 28.9319 28.9319 0.08 0.00
10-c-e-0 20.1762 0.00 20.1762 20.1762 0.07 0.00
10-c-e-l 7.02177 0.00 7.02177 7.02177 0.10 0.00
10-c-e-2 33.9582 0.00 33.9582 33.9582 0.14 0.00
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T=05.

Instance SA Best SA-1LS
Profit R.Gap% Avg Time Gap%
10-c-r-0 53 5087 0.00 53.5067 53.5067 0.16 0.00
10-c-r-l 35.1715 0.00 35.1745 35.1715 0.09 0.00
10-c-r-2 26.5277 0.00 26.5277 26.5277 0.10 0.00
10-r-c-0 33.4198 OS 0.00 33.4198 33.119s 0.12 0.00
10-r-c-| 52.9405 0.00 52.9405 52.9405 0.24 0.00
10-r-c-2 33.5392 0.00 33.5392 33.5392 0.16 0.00
10-r-e-0 22 7788 0.00 22.7786 22.7786 0.08 0.00
10-r-e-l 16.793 0.00 16.793 16.793 0.07 0.00
10-r-e-2 14.5689 0.00 14.5689 14.5689 0.11 0.00
10-r-r-0 27.0319 0.00 27.0319 27.0319 0.07 0.00
10-r-r-I 29.091 0.00 29.091 29.091 0.09 0.00
10-r-r-2 20.1295 0.00 20.1295 20.1295 0.06 0.00
Avg 22.6105 0.0000 30.3128 28.4559 0.11 0.00

Bang 2. Phwong phap SA va SA-ILS cac trwong hop 10-khach hang, T=1
T=1
Instance SA SA-ILS
Profit R.Gap% Best Avg Time Gap%

10-c-c-0 60.5285 0.00 60.5285 60.5285 0.18 0.00
10-c-c-I 60.5285 0.00 60.5285 60.5285 0.15 0.00
10-c-c-2 54.1568 0.00 54.1568 54.1569 0.23 0.00
10-c-e-0 53.5067 0.00 53.5067 53.5067 0.22 0.00
10-c-e-1 30.3665 0.00 30.3665 30.3665 0.10 0.00
10-c-e-2 50.5364 0.00 50.5364 50.5364 0.15 0.00
10-c-r-0 60.5285 0.00 60.5285 60.5285 0.14 0.00
10-c-r-1 53.5067 0.00 53.5067 53.5067 0.11 0.00
10-c-r-2 60.5285 0.00 00 5285 60.5285 0.13 0.00
10-r-c-0 60.5285 000 60.5285 60.5285 0.13 0.00
10-r-c-I 52.9405 0.00 52.9405 52.9405 0.13 000
10-r-c-2 52.5113 0.00 52.5113 52.5113 0.12 0.00
10-r-e-0 37.3475 0.00 37.3475 37.3475 0.10 0.00
10-r-e-l 39.0133 0.00 39.0133 39.0133 0.10 0.00
10-r-e-2 24.9903 0.00 24.9903 21.9903 0.08 0.00
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T=1
Instance SA SA-ILS
Profit R.Gap% Best Avg Time Gap%

10-r-r-0 36.5883 0.00 36.5883 36.5883 0.09 0.00
10-r-r-1 15.2771 0.00 152771 45.2771 0.09 0.00
10-r-r-2 26.5174 0.00 26.5174 26.5174 0.07 0.00

Avg 46.1056 0.0000 41.8942 46.3840 0.13 0.00

Bang 3. Phwong phap SA va SA-ILS cac trwong hop 30-khach hang, T=0.5
T=05
Instance SA Best SA-1LS
Profit R.Gap% Avg Time Gap%

30-c-c-0 34.1299 288.06 34.1299 34.1299 0.13 0.00
30-c-c-l 95.0054 25.93 96.5282 96.5282 0.33 -1.58
30-c-c-2 89.0257 25.11 89.0257 89.0257 0.45 0.00
30-c-c-0 26.7939 300.82 28.698 28.698 0.15 -6.63
30-c-e-1 38.282 233.47 38.6051 38.6651 0.24 -0.84
30-c-e-2 60.6913 159.38 60.6913 60.6913 0.22 0.00
30-c-r-0 49.4799 177.53 51.8841 51.8841 0.20 -4.63
30-c-r-l 60.5002 151.93 60.5003 60.5002 0.30 0.00
30-c-r-2 53.1642 98.51 53.1642 53.1642 0.27 0.00
30-r-c-0 42.3231 0.00 42.3231 42.3231 0.24 0.00
30-r-c-l 86.3708 54.19 88.0827 88.0827 0.48 -1.94
30-r-c-2 60.4699 141.36 60.4699 60.4698 0.27 0.00
30-r-e-0 63.8935 105.45 63.8935 63.8935 0.24 0.00
30-r-e-1 41.6073 184.04 41.6073 41.6073 0.20 0.00
30-r-e-2 61.4658 89.07 61.4658 61.4658 0.28 0.00
30-r-r-0 52.3789 102.69 52.3789 52.3789 0.26 0.00
30-r-r-1 49.1944 202.67 49.1944 49,1944 0.29 0.00
30-r-r-2 57.8256 171.27 57.8256 57.8256 0.25 0.00

Avg. 56.8112 138.1317 57.2482 57.2515 0.27 -0.87
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Bang 4. Phwong phap SA va SA-ILS cac trwong hop 30-khach hang, T=1

T=1

Instance SA SA-ILS
Profit R.Gap% Best Avg. Time Gap%
30-c-c-0 129.648 24.61 129.648 129.648 0.58 0.00
30-c-c-l 143.496 12.59 151.414 151.413 0.53 -5.23
30-c-c-2 133.244 21.25 140.102 140.102 0.59 -4.90
30-c-e-0 67.6403 138.85 72.803 72.803 0.28 -7.09
30-c-e-1 112.118 13.86 116.292 114.929 0.46 -3.59
30-c-e-2 98.8922 63.37 98.8922 98.8922 0.30 0.00
30-c-r-0 122.144 32.27 126.756 126.756 0.60 -3.64
30-c-r-l 133.621 20.91 134.973 134.973 0.62 -1.00
30-c-r-2 117-721 37.24 122.855 122.855 0-56 -4.18
30-r-c-0 100.167 61.29 103.912 103.912 0.39 -3.00
30-r-c-1 137,505 17.49 139.909 139.909 0.60 -1.72
30-r-c-2 113.318 97.44 116.112 116.112 0.51 -2.41
30-r-c-0 81.8263 97,44 81.8263 81.8263 0.40 0.00
30-r-e-1 93.0449 73.63 102.041 102.041 0.40 -8.82
30-r-e-2 102.714 57.29 102.714 102.714 0.32 0.00
30-r-r-0 81.6401 97.89 88.2174 88.2174 0.32 -7.46
30-r-r-1 114.088 41,61 120.769 120.769 0.42 -5.53
30-r-r-2 90.3602 78.79 90.7372 90.7372 0.32 -0.42
Avg. 7734.6090 47.1539 113.3318 113.2561 0.4244 -3.28

Trong khi SA hi¢u qua véi nhitng md hinh ¢ 5 KET LUAN

quy md nho, viéc tim dugc cach giai tdi wu
truong hop quy mé I6n thuong khéng chic
chan. SA-ILS hiéu qua ddi voi ca md hinh sé
lugng khach hang nho va lon. Tu bang 1, 2, 3,
4, ta thay: d6i véi truong hop 10 khach hang
ca hai thuat toan SA va SA-ILS déu tim duoc
két qua twong dong. Nhung khi sé lugng
khach hang tang 1én 30, thuat toan SA-ILS co
nhiéu truong hop loi nhuan tim duoc cao hon
dang ké (cac truong hop in dam trong bang).
Viéc thay thé cac phuong phap truyén théng
bang sir dung SA-ILS cho thay hiéu qua rd rét
trong viéc dem lai 1oi giai t6t cho bai toan
trién khai hé théng giao hang théng minh két
hop xe tai va drone.

Trong b&o céo nay, tac gia da giai quyét van
dé t6i da hoa loi nhuan cho bai toan ngudi
giao hang lap lich drone song song véi viéc dé
Xuit ding phuong phap SA-ILS.

Khi st dung phép suy nghiém nay dé giai
nhing truong hop I6n hon, da dat dugc nhiing
cach giai c6 chat lugng nhit quéan véi thoi
gian tinh toan rat ngin (tac gia da thir nghiém
véi truong hop tap 400-khach hang, thoi gian
tinh toan chi mat 30 giay).

Véi két qua nay, ching t6i hi vong céc giai
thuat toi wu nay co thé &p dung dé tinh toan
cac khia canh khac cua bai toan lap lich drone
song song.
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