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Viéc str dung drones cho cdng doan giao hang chang cudi va viéc phdi két hop ching cung
v&i tuyén xe tai véi muc dich cai thién chat lwong dich vu va ting loi nhuan van chuyén, da
dat ra thém nhiéu 16'p Bai toan dinh tuyén phwong tién méi. Ching t6i xem xét dén bai toan
t6i wu héa Dinh tuyén 1ap lich drone song song xem xét dén lgi nhuan. Trong bai toan nay,
viéc phan giao khach hang cho xe tai hay drones duwgc tinh toan ky lwdng. Chung t6i da
nghién clru muc tiéu loi nhuan cta quy trinh giao hang va dé xuét cai tién phwong phap
SISRs (Slack Induction by String Removals) giai bai toan dinh tuyén phwong tién lap lich
drone song song nham dwa ra |&i gidi v&i loi nhuan tbi da.

SISRs, Drone, quy nap chung, lap lich.

Using drones for the end-stage delivery and combining them together with trucks in purpose
of service quality improvement and transport profit increase, it sets forth more classes of
new Vehicle Routing Problems. We consider the Parallel Drone Scheduled Vehicle Routing
Problem (PDSVRP) with profit objective. At this problem, allocating customers to trucks or
drones will be calculated thoroughly. We researched the profit objective of delivery process
and proposed an improvement of the Slack Induction by String Removals method (SISRs) to
solve the parallel drone scheduled vehicle routing problem in order to give a solution with

maximum profit.

Keywords:

1. GIOI THIEU

Bai todn PDSTSP (parallel drone scheduling
travelling salesman problem) dugc Murray va
Chu (2015) [1] gi6i thiéu, mo ra hudng
nghién ctu méi vé dinh tuyén cho xe tai va
drone. Muc tiéu caa bai toan PDSTSP 1a nhiam
tim dugc duong di Hamilton cho xe tai va tap
hop drone gidp giam thiéu thoi gian hoan tat
nhiém vu giao phat va quay vé kho hang.
Mbiadou Saleu va cong su (2018) [2] da dua
ra phép siéu suy nghiém gom hai budc: Budc
ma hoa dé chuyén cach giai PDSTSP thanh
tuan tu khach hang; va budc giai ma dé phéa
v& tuan tu khéach hang thanh 16 trinh cho xe

SISRs, Drone, slack induction, scheduling.

tai va drones. Dell’s Amico va cong su (2020)
[3] d3 dé& xuat mot phép siéu suy nghiém c6
cung Yy tudng véi cac bude nhu trong tai li¢u
Mbiadou Saleu va cong sy [2]. Tuy nhién,
thay vi lap trinh dong, phuong phap MILP
duoc stir dung cho budc giai ma.

O bai toan PDSTSP, thong sé can quan tam
nhat 12 téc do phuc vu khach hang va chat
luong phuc vu cua hé thdéng van chuyén.
Trong céc hoat dong logistic, mot yéu t quan
trong khéc can dugc xem xét d6 1a loi nhuan
thu duoc cua hoat dong van chuyén. Chua co
nghién cau nao vé loi nhuan thu duoc cua hé
thdng van chuyén, chi c6 mot s tai lieu da
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khao cru ham muc tiéu lam giam thiéu tong
chi phi van chuyén, nhu: Mathew va cong su
[4] dd xem xét Bai todn giao hang hdn hop
(HDP - Heterogeneous Delivery Problem); Ha
va cong su [5] da nghién ctru Bai toan ngudoi
chao hang véi drone chi phi tbi thiéu (TSP-D
- Traveling Salesman Problem with Drone) la
phién ban Bai toan FSTSP (Flying Sidekick
Traveling Salesman Problem) dugc Murray va
Chu [1] gigi thiéu. Ham muc tiéu tuong tu
cting duoc nghién ctru trong HVDRP (Hybrid
\ehicle - Drone Routing Problem) cho céc
dich vu don va giao hang dugc Karak va
Abdelghany [6] giagi thiéu.

Nghién ctru xem xét khia canh lgi nhuan cua
hé théng giao phét bang cach xem xét ham
muc tiéu sao cho ting t6ng lgi nhuan thu duoc
ciia hé thong xe tai va drones. Hon nita, tac
gia con mé rong bai toan PDSTSP bang cach
bd sung thém hai rang budc. Rang budc thu
nhat 13 téng trong luong goi hang dugc phan
bd cho mdi xe tai hodc drone khong vuot qua
stc chd cua né. Thir hai 1a tong thoi gian 1am
viéc cua mdi phuong tién khong vuot qua gid
tri cho trude. Nhu vay, bai toan nghién ctru sé
1a Bai toan dinh tuyén phuong tién lap lich
drone song song PDSVRP (Parallel Drone
Scheduling Vehicle Routing Problem).

Nghién cttu c6 nhitng dong gop nhu sau: (1)
giéi thiéu bién thé mai Bai toan dinh tuyén
phuong ti¢n xe tai va drone giao phat cac goi
hang cho khach hang; (2) lap céng thac toan
hoc cho bai toan; (3) D& xuat phuong phép
SISR cai tién dua trén phuong phap SISR ciia
Christiaens va Berghe [7]. Phan tiép theo trinh
bay cach xac dinh bai toan va nhitng mo ta chi
tiét vé phép suy nghiém. Cudi cung 1a két qua
thi nghiém va cac phan tich, danh gia.

2. XAY DUNG MO HINH TOAN HOC CUA
BAI TOAN

Bai toan PDSVRP tac gia dé xuat gom doi n

xe tai va nhdm m drones phéi hop giao phéat
cac goi hang tsi tap hop khach hang, mdi
khach hang dwoc phuc vu mot lan. Xe tai s&
thuc hién nhiém vu trong pham vi mot chuyén
di tir kho hang, qua tat ca cac vj tri khach
hang dugc phan bd va quay lai kho hang.
Drones sé di lai gitra kho hang va khach hang.
Mo hinh bai toan PDSVRP dugc mé ta nhu
trong Hinh 1: Duong nét lién biéu thi tuyén xe
tai, miii tén do biéu thi tuyén drones.

Hinh 1. Md hinh bai to4an PDSVRPI[8]
2.1. Xac dinh bai toan va nhirng chu giai

Bai toan duoc biéu thi trén d6 thi co hudng
G={N,C}, tap hop node N={0, 1,..., n}, node
kho hang 0, va tap hop khach hang C={0,
l,..., n}. Tap khach hang xe tai giao hang
C, cC.bat C. =C/C, biéu thi khach hang
phu hop véi ca hai phuong thirc giao phéat xe
tai va drone. Trong luong goi hang cua khach
hang ieCla o .

Tai kho hang, d6i V gom n xe tai va nhém D
vai m drones ¢6 kha nang dap ung cac nhiém
vu giao phat. Khoang cdch xe tai tr node
ieN téi node jeN voi (j=i) la dij. bat
d =d, +d;, la tong khoing cach bay cua
drone phuc vu khach hang jeC_.. Véi cung
cach thuc do, tj; la thoi gian xe tai di trén canh
(i,j), va t’; la thoi gian drone phuc vu khach
hang ieC, . Pat P va P’ lan luot Ia loi nhuan
thu duoc cua xe tai va drone trén moi don vi
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khoang céch. Strc chd xe tai chiu rang budc
boi Q. Chlng toi gia dinh thiét 1ap nhu sau:

= M6t drone chi mang mot goi hang va quay
vé kho hang sau mdi lan giao phét.

» Thoi gian nhan, tra cac goéi hang va hoan
d6i pin 1a khong dang ké.

= MGi drone s& phuc vu mot khach hang mot
lan trong pham vi khoang bay giéi han.

= Mdi phuong tién (xe tai va drone) gigi han
thoi gian 1am viéc ti da 1a T va e.

Muc tiéu cua bai toan PDSVRP nay la tim tap
hop tuyén duong cho d6i hdn hop xe tai va
drone ¢ loi nhuan thu dugc téi wu.

2.2. Lap cbng thwc toan cho PDSVRP

Lap cong thic s& sir dung cac bién sau day:

= xj: bang 1 néu node ieN dén node
icN (i=]) boixe tai, con lai 12 0:

= y: bang 1 néu node ieC, duoc phuc vu
bai drone ke D, con lai la 0;

= « U eRR: cac bién lién tuc Ia trong lwong
Xe tai tginode ieC;

= 7z, eR: biéu thi thoi gian xe tai tir node
ieNdénnode ieN (i=]).

Bai toan PDSVRP c6 thé duoc l1ap cong thuc
nhu sau:

maxy > d;x;.P+ > diyi P’ 1)

ieV jev ieD

X <h
Z " 2
ZEGN Xij +ZkeD y'; =1 Vj eN (3)

i#]
DXty =1vjeC, @
ieN keD
i=]
2 % =1vieC ()

ieN
i#]

U —u; +Qx; <Q-o, (6)
‘v’ieC,je{C:j;ti}

D yit;<e VkeD ()
iCy

D7+ X = >z, VjeC (8)
Y joN

I~ ki jei

2, =ty X, VieC (9)
2, <Tx, VieC (10)
Xije{O,l} V(i,jeN,iij) (11)
yik IS {0,1} VieC.,keD (12)
0<u <Q VieC (13)
0<z,<T V(i,j)eN,i=]j (14)

Ham muc tiéu (1) dé tim lgi nhuan téi da cua
quy trinh. Rang budc (2) sb luong xe tai khai
hanh tr kho hang dugc cho trudc. Rang bugc
(3) dé dam bao tinh lién tuc cua I9 trinh xe tai.
Rang budc (4) mdi khach hang duoc ghé thim
dung mot 1an, hoic 1a bang xe tai hozc la bang
drone. Rang budc (5) khach hang chi dung xe
tai. Rang bugc (6) 1a rang bugc sirc ché. Tong
thoi gian van hanh cia moi drone sé chiu gisi
han theo rang budc (7), rang buoc (8)-(10)
dam bao thoi gian lam viéc ti da cua xe tai
khong vuot qué gia tri T xac dinh trugc. Cudi
cling, cac rang buoc (11)-(14) s& cu thé hda
c4c mién bién thién quyét dinh.

3. THUAT TOAN SISRs CHO BAI TOAN
PDSVRP LQI NHUAN TOI DA

Phuong phap SISRs cai tién cua tac gia duoc
xay dung trén co s¢ phuong phap SISRs do
Christiaens va Berghe (2020) [7] da gidi thiéu.
Phuong phap SISRs duwa trén phép quy nap
chung va quy trinh pha huy - tai tao.
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3.1. Thuat toan SISRs (Slack Induction by
String Removals)

Cach giai khoi tao: phuong phap thuc hién lap
lai hai pha sau: pha Ph4 hay (R) mét phan
cach giai hién tai bi phd hiuy va sau d6 dugc
Téi tao (R) bang céch giai hoan chinh hon.

Trong Hinh 2a, khu vuc kha thi caa 16 trinh t0
mau xam, node den la khach hang trong 10
trinh, node trang la khach hang ngoai 16 trinh.
V& nguyén tic, khu vyc kha thi s& mé rong
mai khi c6 khach hang bi loai khoi 16 trinh va

khi d6 16 trinh c6 thé bo sung khach hang méi.

Hinh 2b, quy nap chung dat duoc bang viéc
loai bo khach hang (node den thanh node
trang), phan chung suc chd va phan ching
khong gian cua 1§ trinh dugc mé rong. Cho
phép c6 lva chon méi (node triang) vao 16

trinh.

spaual slack

(@) payload
capacmf

o

.
Q

[L}]

capacity slack j/-
occupied capacity

Hinh 2. Minh hoa phép quy nap chung
3.2. Thuat toan SISRs cai tién

Thuat toan SISRs cai tién duoc xay dyung trén
co s& thuat toan SISRs véi mot sd cai tién sau:
bé sung quy trinh tim kiém cuc b, cung co
ché nhiéu loan dé tranh su hoi tu sém.

Tim kiém cuc bg

Str dung thuat toan tham lam[9] dé xay dung
cach giai tir diém xuat phat. Trugc hét ham
nay s€ chén cac node stir dung drone theo trat
ty giam dan vé muc lgi nhuan. Quy trinh nay
duoc 1ap lai véi tit ca cac drone. Khach hang
con lai sau d6 dugc duoc chén vao tuyén xe
tai dé t6i da hoa loi nhuan. Thuat toan ding

lai khi khong c6 thém viéc chén nao cé thé
xay ra. Loi nhuan theo cong thicc (1) mdi lan
chén c6 thé dugc danh gia theo thoi gian
khong dbi.

Thudt toan 1. bestInsertion

Input: VRP problem instance INS
Output: bestInsertion st
1: function bestInsertion (ins)

2: S, « InsertionConstruction

3: s* <5, s s,

4 repeat

5: s = Ruiné&Recreate (s*)

6:  ifprofit(s)>profit(s*)-Ax 1n((U(0.1))then
1 S*¥ <~

8: if profit(s*) > profit (sbest) then

9: Pt L g%

10: Al % €:

11: until Terminal condition met

O Thuat toan 1, tao cach giai dau tién thdng
qua toadn tir bestinsertion (dong 2), khai tao
cach giai hién tai s* va cach giai tét nhat s°
(dong 3). quy trinh lap nham cai thién cach
giai (dong 4-11). Mdi lan lap, cach giai l1an
can s duoc tao ra tur cach giai hién tai s* qua
quy trinh Ruin&Recreate (dong 5).
Co ché nhiéu logn
Co ché nhiéu loan
Nhim tim ra phuong 4n tot nhit, co ché
nhiéu loan dugc &p dung thong qua ham
perturbation(s), nhu dugc md ta trong thuat
toan 2.
Thuat toan 2. Perturbation
Input: s

p «—randInt(1,d);

s* « randomRemove (s, p);

s* «bestlInsertion(s");
return X'

Nhim da dang hoéa céc cach giai, ham
perturbation(s)) nhu duwgc mo ta trong Thuat
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toan 2, trudc hét s& tach s6 lugng khéch hang
(duoc tao ra ngau nhién giira 1 va d) khoi cach
giai hién tai s va chay toan tir bestinsertion(s’)
dé cai thién céch giai nay. Sau do6, pha tai 1ap
dugc xur ly thdng qua phép suy nghiém trén
SISRsnew dugc trinh bay trong thuat toan 3.

Thudt toan 3:

Input: PDSVRP problem instance ins
1: function SISRsnew(ins)

2: Sy « SolutionConstruction

3: S* « g

4: repeat

5: S « Ruin&Recreate(s*)

6: If profit(s) > profit(s*) x (1 + &) then

7 s* « bestInsertion(s)

8: if profit(s*) > profit(s**") then

9. Sbest — g%

10: if Inte,,. iterations without improving s™**
then

11: Perturbate (s*)

12: Al X €

13: until Terminal condition met
14: return s

O Thuat toan 3, qua trinh khi tao tir dong 1
dén dong 5. Dong 6 kiém tra cach giai néu
thoa man nguong s€ qua quy trinh
bestInsertion (dong 7). O day, A la gia tri khai
tao cua Ajn. Céch giai tim duwoc sé dugc luu
nhu 13 cach giai hién tai cho nhiing lan lap
tiép theo. dong 8-9 tim cach giai tot nhat s°*.
Khi s6 lan lap khéng c6 cai thién dat toi
Iterimp, pha nhiéu loan Pertubate(s*) duoc
thyc hién (dong 11-13).

4. KET QUA THi NGHIEM

Kiém tra tinh hiéu qua cua thuat toan, théng
s6 duoc thiét 1ap trong Bang 1.

Bang 1. Thiét lap théng sé cho SISRsnew

Théng sé hli(é,{x Gia tri
Khoang céch cho phép e 0.6h
Strc ché cho phép (xe tai) | Quuek | 1300 kg
Strc ché cho phép (drone) | Qgrone | 2.27 kg
Gi6i han thoi giantuyén | T up to 8h
Loi nhuan xe tai trén 1 km | C 0.03 $/km
Loi nhuan dronetrén 1 km | C 1.25 $/km
S6 luwong khach hang n [10, 750]

CAac thuat toan nay duoc thyc hién trén nén
C++ duoc soan véi GCC 9.3.0. Toan bo thu
nghiém duoc chay trén AMD Ryzen 3600
@3.8GHz CPU, 16GB RAM, may tinh cé
nhan Xubuntu 20.04.

Bang 2 va 3 trinh bay két qua thu duoc cua thi
nghiém. trong d6: phuong phap SISRs gia tri
cua cac giai phap tét nhit duoc tim thay (Cot
“z”), thoi gian thuc hién tinh bang giay (Cot
“time”). “zinit”” 18 gia tri muc tiéu trung binh va.
Tuong tu, SISRsnew: gié tri cac giai phap tot
nhat (Cot “zpest’”), thoi gian thuc hién trung
binh tinh bang gidy (Cot “time™), s luong
khach hang du diéu kién sir dung drone (Cot #
DE) trong vi dy, s6 luong khach hang duoc
drone phuc vu (Cot # D) va sé lugng xe tai
dang str dung (Cot # trucks).

Bang 2. Phwong phap SISRs va SISRsnew truwéng hop 30 khach hang

SISRs SISRsnew
Instance - Zinit - # DE #D |#trucks
Z Time Zbest Time
30-r-0-c 228.67 169.06 228.67 228.67 6.98 23 13 3
30-r-0-¢ 350.05 1817.10+ 351.12 350.05 5.13 14 5
30-r-0-r 299.76 1536.89+ 312.07 299.76 6.45 14 4
30-r-1-c 158.30 2.79 158.30 163.25 7.32 26 16 1
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SISRs SISRsnew
Instance - Zinit - # DE #D | #trucks
z Time Zbest Time
30-r-I-e 314.41 651.71 + 314.32 314.41 7.56 16 8 4
30-r-I-r 264.75 2310.15+ 266.45 264.75 6.97 21 11 3
30-r-2-c 191.57 41.60 191.57 191.57 8.78 29 15 2
30-r-2-e 306.05 956.03+ 346.07 306.05 6.52 17 9 4
30-r-2-r 271.26 789.46+ 313.22 271.26 6.89 17 9 4
30-c-0-c 122.15 38.87 122.15 122.15 10,02 24 11 2
30-c-0-e 189.12 41.87 189.12 194.15 8.75 11 3 3
30-c-0-r 142.72 326.63 142.72 142.72 9.02 21 5 3
30-c-I-c 79.56 4.07 79.56 79.56 9.23 26 16 1
30-c-l1-e 184.49 3600.00 184.49 190.12 7.87 20 7 3
30-c-I-r 121.28 1.11 121.28 121.28 7.23 24 13 1
30-c-2-c 107.44 6.17 107.44 107.44 8,14 26 18 2
30-c-2-e 184.82 3600.00 197.36 186.82 7.45 19 3 3
30-c-2-r 128.55 31.42 128.55 128.55 9.03 25 10 2
30-rc-0-c | 121.06 15.81 121.06 125.32 8.52 26 14 2
30-rc-0-e | 231.10 3600.00 251.10 231.10 7.89 14 3
30-rc-0-r 186.73 2491.38+ 202.11 186.73 8.15 22 3
30-rc-I-c 125.07 7.51 125.07 125.07 8.13 27 16 1
Bang 3. Phwong phap SISRs va SISRsnew trwwong hop 50 khach hang
SISRs SISRsnew
Instance 3 Time Zinit - Time # DE #D # trucks
50-r-0-C 290.13 17.15 297.95 290.13 17.10 41 15 3
50-r-0-¢ 2163.21+ 435.21 436.23 18.23 22 8 5
50-r-0-r 2418.11 + 353.81 354.12 18.34 29 14 4
50-r-I-¢ 287.21 3600.00 280.84 287.21 17.12 41 15 4
SO-r-l-e 376.97 3600.00 370.02 376.97 16.78 24 10 3
50-r-I-r 2572.35+ 355.04 358.11 19.78 33 13 4
50-1--2-c 282.09 3600.00 278.73 282.09 15.12 32 15 4
50-r-2-¢ 2387.22+ 500.12 512.36 17.45 25 4 6
50-r-2-r 2633.51 + 380.61 381.49 19.67 29 12 6
50-c-0-c 189.04 3600.00 151.73 189.04 18.58 44 15 2
50-c-0-e 283.26 3600.00 255.69 267.14 16.81 30 10 4
50-c-0-r 162.17 3563.53+ 153.15 162.17 16.17 36 17 2
50-c-I-c 181.76 859.09 116.83 190.16 16.54 42 18 2
50-c-l-e 183.57 3600.00 177.55 185.61 14.58 41 6 3
50-c-I-r 199.24 1512.49+ 196.76 199.24 18.91 41 17 3
50-c-2-C 177.16 73.52 154.70 177.16 20.26 40 15 2
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SISRs SISRsnew
Instance , — Zinit . — # DE #D # trucks
50-c-2-e 294.25 2684.94+ 292.78 294.25 17.52 23 13 4
50-c-2-r 186.60 2288.27+ 186.17 197.51 18.73 34 15 3
50-rc-0-c 246.80 53.87 236.97 246.80 20.90 43 16 2
50-rc-0-e - 2679.98+ 345.61 348.56 15.63 32 5 4
50-rc-2-e - 3032.47+ 487.22 489.15 15.71 26 8 7
50-rc-2-r 277.20 3600.00 272.75 277.20 16.34 29 16 4

T Bang 2, ching tdi nhan thiy SISRsnew ¢
thé tim ra giai phap t6i wu cho 4 trén 22
treong hop vai 30 khach hang trong vong
chua day 3 phit. Khi sé luong khach hang
tang 1én 50, Bang 3 cho thay SISR trung binh
mat nhiéu thoi gian hon. Trong cac truong
hop khdng thanh céng, SISRs budc phai cham
dut do tinh trang hét bo nho trén 11 instance
(dugc danh dau “+” trong cot time) va khong
dua ra duwoc giai phap kha thi nao trong 7
truong hop (duoc danh dau “-”).

SISRsnew c6 hiéu suit tét vi n6 cé thé tim
thiy tat ca cac giai phap toi wu duoc SISRs
tim thay. Ngoai ra, n6 con tim ra giai phéap tét
hon SISRs thuc hién (in dam trong Cot Zpest)..
Trong ca hai bang, thoi gian chay trung binh
nhanh, dudi 21 gidy. Ty I¢é khach hang dugc
drone phuc vu trén tong s khach hang du
diéu kién sir dung drone thay ddi trong
khoang rong tir 12,50% dén 82,35%. Diéu nay
mét lan nira khang dinh tinh da dang cua cac

truong hop duoc tao ra va cho thay van dé
phan b khéach hang cho xe tai hoic drone s&
1a bai toan kho giai quyét.

5. KET LUAN

Trong nghién cau, ching t6i da tim cach dé
t6i wu loi nhuan van chuyén ciaa doi hon hop
phuong tién xe tai va drone trong hé thong
giao phat. Chiing t6i da dé xuat SISRs cai tién
dé tranh sy hoi tu sém tai cac diém téi vu cuc
bo bang cach bd sung quy trinh tim kiém cuc
bo, cing co ché nhiéu loan.

Nhin chung, két qua tim duoc trong nhiéu thi
nghiém Ién tap truong hop dat ra lya chon
ngau nhién mai da xac nhan duoc tinh hiéu
qua va nhat quan cua thuat toan.

Véi két qua nay, ching tdi hi vong cac giai
thuat toi wu nay c6 thé 4p dung dé tinh toan
cac khia canh khéc cua bai toan lap lich drone
song song.
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