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BAO CAO HQC THUAT CAP BQ MON
Chu dé: Tbi wu hoa tuyén duong logistics da diém st dung Google Maps: Thuc

nghi¢m tai Ha Noi

1. bai toan tdi wu tuyén dwong logistics
1.1 Khdi ni¢m logistics da diém

Logistics da diém 1 hoat dong van chuyén hang hoa tir mot diém trung tam,
ching han nhu kho hang hoic trung tim phan phdi, dén nhiéu dja diém nhan hang khéc
nhau. Trong qua trinh van chuyén, doanh nghiép can xac dinh tuyén dudng va thu tu
giao hang phu hop nham dap ing nhu ciu cua khach hang véi chi phi thap nhat [1].

Bai toan phan phdi hang héa nhiéu diém 13 sy mé rong cta bai toan nguoi du lich
[1]. Trong bai todn nay, mot phuong tién xut phat tir diém trung tam (P_0) dé giao hang
dén cac diém (P_1, P 2, ..., P_n). Mdi diém giao hang c6 nhu ciu hang hoa twrong tng
la(q 1,q 2, ...,q 2), trong khi phuong tién vén tai chi c¢6 stc chirc toi da 1a C.

Néu stic chira ctia xe 16n hon hodc bang tong nhu ciu cua tit ca cac diém can
giao hang, s& c6 mdi quan hé:

C2q,+q,+..+q, (1)

Khi d6, xe c6 thé phan phdi hang hoa cho tat ca cac diém can giao hang trong
mot chuyén duy nhat. Bai toan lic nay chi con 1a tim tuyén dudng t6i vu ngin nhat di
qua cac diém.

Tuy nhién, trong hoat dong logistics thuc té, tong nhu cau giao hang thudng 16n
hon strc chira ciia mot chuyén xe cua mQt phuong tién cu thé. Khi d6 ta s& co:

C<q +q,+..+q, (2)

Tir d6 sé& thay, can to chirc nhiéu chuyén xe dé co thé giao hang hoa dén tat ca
cac diém theo nhu cau thuc té hang hoa can thiét tai mdi diém.

Muc tiéu ctia bai todn bay gid sé 1 tim phuong 4n sao cho tong quing dudng di
chuyén ctia toan bo doi xe 1a nhé nhat. Him muc tiéu duoc biéu dién nhu sau:

D =dyxy +dyxg +.tdyx, +..+d, x 3)

Trong do:
+ D 14 tong quing duong van chuyén tbi thiéu can xac dinh;
+ dij 1a khoang cach giira hai diém P_iva P j;
+ xij 14 bién quyét dinh, nhan gia tri bang 1 néu tuyén duong tir P_i dén P_j duoc lya
chon va bang 0 trong truong hop ngugc lai.

Tir cach tiép can trén c6 thé thdy rang logistics da diém khong don thuan 14 viéc
tim duong di ngan nhat. Bai toan con phai xem xét dong thoi nhu ciu tai cac diém giao

hang, strc chira cua phuong tién va cach to6 churc cac chuyén van chuyén.



1.2 Cdc muc tiéu toi wu

Trong céac bai toan t6i wu tuyén duong logistics, muc tiéu cta viéc xdy dung 10
trinh khong chi 13 tim dudng di ngan nhat ma con hudéng dén viéc nang cao hiéu qua van
hanh cta toan bo hé thong phan phdi. Theo Braekers va cong sy [2], cac nghién ciru
hién dai vé Vehicle Routing Problem (VRP) str dung nhiéu loai ham muc tiéu khac nhau
dé phan anh cac yéu cau thuc té ctia doanh nghiép logistics.
a. Toi thiéu hoa thoi gian van chuyén

Muc tiéu t6i thiéu hoa thoi gian van chuyén dic biét quan trong trong méi trudng
giao thong do thi. Trong mdi truong nay, thoi gian di chuyén co thé thay d6i do un tic
giao thong hoic cac diéu kién van hanh khac. Viéc giam thoi gian van chuyén giup
doanh nghiép rit ngan thoi gian giao hang va nang cao chét luong dich vu khach hang.

Tong thoi gian di chuyén cua cac xe trong trudng hop nay duoc biéu dién nhu
sau:

T=t+t,+..+t, 3)
Trong do:
+ T 14 tong thoi gian van chuyén;
+ ¢,t,,...,¢, 1a thot gian di chuyén giita cac diém trén tuyén dudng.
b. Téi thiéu hoa quing dudng van chuyén

Muc tiéu nay dugce st dung rong rii trong cac nghién ctru toi wu trong van chuyén
hang héa. Viéc giam quing dudng van chuyén dong nghia v6i giam chi phi nhién liéu,
han ché hao mon phuong tién va giam chi phi van hanh. Hon thé nira, viéc giam chi phi
nhién liéu con gop phan hudng dén logistics xanh.

Téng quing dudng van chuyén duoc xac dinh theo cong thirc sau:

D=d +d,+..+d, (4)
Trong do:
+ D 14 tong quing duong van chuyén;
+ d,,d,,...d, 1a khoang cach giita cic diém lién tiép trén tuyén duong.
c. T6i thiéu hoa s6 lugng phuong tién st dung

Bén canh khoang cach va thoi gian, nhiéu nghién ctru con hudng t6i viée giam
s6 luong phuong tién can huy dong dé thuc hién hoat dong giao hang. Khi so luong xe
duogc giam xudng, doanh nghiép c6 thé tiét kiém chi phi dau tu, chi phi bao tri va chi phi
nhan céng. Myc tiéu ndy thuong xut hién trong cac bai toan phan phdi quy mé 16n hoic
cac hé théng van tai co nguén luc han ché.
d. Giam chi phi do giao hang tré

Trong thyc té, nhiéu khach hang yéu cau hang hoéa phai duoc giao trong mot
khodng thoi gian nhat dinh. Néu phuong tién dén mudn, doanh nghiép c6 thé phai chiu

cac khoan phat hodc lam gidm murc d6 hai long ctua khach hang. Vi vay, mot so6 mo hinh



VRP str dung ham muc tiéu dwa trén muc do giao hang tré nham giam thiéu cac ton that
phat sinh.
e. Giam rui ro trong van chuyén

Mot s6 hoat dong logistics dic thu nhu van chuyén hoa chat, nhién liéu hodc hang
héa nguy hiém con quan tim dén yéu t6 rii ro. Trong truong hop ndy, muc tiéu téi uu
khong chi 1a giam chi phi méa con giam kha nang x4y ra tai nan hodc cac sy c6 anh huéng
dén con ngudi va mdi trudng. Pay 1a hudng nghién ctru ngay cang duoc cha y trong céc
mo hinh logistics hi¢n dai.

1.3 Cdic mé hinh téi wu pho bién
a. Travelling Salesman Problem

Bai toan tdi vu ndy st dung dé mo ta mot nguoi xuat phat tir mot thanh phd cho
truée, can di qua mot loat thanh phé duoc xac dinh, mdi thanh phé chi ghé tham 1 lan,
sau d6 quay tré lai diém xudt phat. Muyc tiéu ctia bai toan 1a tim duoc hanh trinh c6 tong
chiéu dai ngan nhat [3].

Muc tiéu trén dugc mo ta nhu sau:

D=(d,) (5)

Phuong trinh (5) duoc goi 1a bai toan ma tran ddi xing trong d6 dij 1a khoang
cach tir thanh phd i dén thanh phd j, khoang cach giita thanh phd i dén thanh phé j bang
khoang cach nguoc lai.

Nhiém vu ctia bai toan lac nay d6 1a sap xép cac thanh phd theo mot chu trinh
khép kin sao cho tong khoang cach giira cac thanh phd lién tiép dat gia tri nho nhat. Mdi
tuyén dudng duoc mo ta thong qua bién quyét dinh xij. Bién nay nhan gia tri bang 1 néu

tuyén dudng giita hai thanh phd i va j dugc lya chon, trong trudng hop con lai, bién co

gia tri bang 0.

DPé dam bao mdi thanh phd chi ghé thim maot 1an, phuong trinh duoc thiét lap
nhu sau:

Xy X, etx, =2 (6)

phuong trinh trén s& gi¢i han diéu kién mdi thanh phd chi c6 1 canh di vao va 1 canh di
ra tir do s€ tao nén mot chu trinh lién tuc.

Muc tiéu cua bai toan 1a tdi thiéu hoa tong khoang cach ctia toan bd hanh trinh,
khi d6 ham myc tiéu dugc bicu dién:

D(x)= Z d,x; (7)
Trong do:
+ D(x) 1a téng chiéu dai cta tuyén duong;
+ d; la khoang cach gitra hai thanh ph6 i va j;

+ x; la bién quyét dinh thé hién viéc lya chon tuyén duong.



b. Dynamic Routing Problem

D3 co rit nhiéu nghién ctru duge thuc hién vé cac bai toan dinh tuyén phuong
tién dong va ngiu nhién, qua d6 mang lai nhirng budc tién dang ké trong viéc hiéu va
giai quyét cac thach thire cta linh vuc ndy. Pang chu ¥, theo hiéu biét cua chung t6i,
mot sd bai tong quan tai lidu toan dién duoc cong bd gan diy da tong hop cac két qua
nghién ctru hién c6, xac dinh nhitng xu hudng chu dao va lam rd cac khia canh phurce tap
cua linh vuc nghién ctru nay [4].

Bai toan nay dugc chia thanh 4 nhoém chinh nhu sau:

+ Tinh va xac dinh (Static and Deterministic - SD);

+ Tinh va ngu nhién (Static and Stochastic - SS);

+ Dong va xac dinh (Dynamic and Deterministic - DD);
+ Pong va ngau nhién (Dynamic and Stochastic - DS).

Trong linh vuc bai toan dinh tuyén phuong tién dong (Dynamic Vehicle Routing
Problem — DVRP), nhiéu hé thong phan loai da duoc dé xuat nham gitp mé ta va phan
tich cac dic diém khac nhau cta bai todn mot cach hiéu qua hon. Mot nghién ciru da xay
dung hé théng phan loai DVRP toan dién dua trén 11 tiéu chi chinh cing cac bién thé
tuong Ung cua ting tiéu chi. Sau do, mot nghién ctru khac tiép tuc mo rong hé thong
nay bang cach bd sung thém mot chiéu phan loai lién quan dén phuwong phap giai. Theo
cach tiép can nay, cac phuong phap giai duoc chia thanh bén nhém chi dao va duoc
trién khai theo ba ché do thyc thi gdm ngoai tuyén (offline), truc tuyén (online) va két
hop (hybrid). Trén co s& cac hé thong phan loai do, cac tac gia di tién hanh phan tich
toan dién nhitng dic diém quan trong ciia DVRP, bao gdm cac ngudn goc phd bién tao
nén tinh dong va tinh ngau nhién ctia bai toan, cac phuong phap giai dugc sir dung ciing
nhu nhirng linh vuc tng dung tiéu biéu ciia mé hinh nay [4].

Trong khi cac nghién ctru trudc xem xét ca hai nhém bai toan dinh tuyén phuong
tién tinh va dong, cac bai tong quan khac lai tap trung hoan toan vao khia canh dong va
ngiu nhién cua bai toan dinh tuyén phwong tién (Dynamic and Stochastic Vehicle
Routing Problems — DSVRPs). Mot nghién ctru da dé xut cach phan loai dya trén thuat
toan t6i wu, trong d6 phan biét giita cac phuong phap dya trén nhiing quyét dinh dugc
tinh toan trude (offline) va cadc phuong phap tinh toan trong thoi gian thyc (online).
Nghién ciru nay ciing thuc hién mot khao sat chuyén siu vé cac yéu té ngau nhién thudng
gip trong bai toan, chang han nhu thoi gian di chuyén, nhu cau khach hang, yéu cau
phat sinh tir khach hang va cac mé hinh két hop nhiéu ngudn bat dinh khac nhau. Bén
canh d6, mot nghién ciru khac da cung cép cai nhin tong quan toan dién vé cac bai toan
dinh tuyén phuong tién dong va ngiu nhién dudi goc do phan tich du bao. Noi dung

khao sat bao gom cac khai niém phuong phap luan, kién trac xap xi, cac nguon bat dinh



chu yéu cung cac phuong phap mé hinh héa twong tng, cach phan loai cdc mién bai
toan va nhitng phuong phap giai duoc ap dung trong thyc té [4].

Mot nghién ciru tong quan chi tiét vé cac bai toan dinh tuyén phuong tién dong
va ngiu nhién (SDVRP) dua trén phuong phap Hoc ting cuong (Reinforcement
Learning - RL) di dugc thuc hién nham 1am rd nhimg thach thic dic trung cua linh vuc
nay. Cac tac gia chi ra ring mot trong nhitng khé khin 16n nhit cia SDVRP 1a hién
tugng “1oi nguyén chiéu khong gian” (curse of dimensionality), khi s luong trang thai
va quyét dinh ting rat nhanh theo quy mé ctia bai toan. Thach thirc ndy dugc phan anh
1d trong cac phuong phap giai hién c6, vén dugc chia thanh hai nhom chinh: nhém c6
stt dung thong tin tuyén dudng trong khong gian trang thai va nhoém khong st dung
thong tin nay. Cac phuong phap khong dwa dir liéu tuyén dudng vao trang thai thuong
tap trung danh gia tinh kha thi va loi ich cta viéc phan cong yéu cau cho cac phuong
tién, sau do s dung céc thuat toan heuristic don gian dé xay dung 10 trinh. Nguoc lai,
cac phuong phap c6 tich hop dit liéu tuyén dudng cho phép dua ra nhimg quyét dinh
chinh x4c va giau thong tin hon, nhung phai danh doi bang d phirc tap tinh toan cao
hon va khong gian hanh dong bi gi¢i han hon. Tir d6, cac tic gia nhan manh su can thiét
ctia viéc két hop giira qua trinh tim kiém trong khong gian hanh dong t6 hop voi kha
nang danh gia va hoc hoéi ciia phuong phap Hoc tang cuong. Bén canh do, mot nghién
ctru khac tap trung vao cac bai toan DVRP c6 sy xuit hién ngiu nhién cta cac yéu cu
khach hang di dé xuat mot hé thong phan loai dua trén ba tiéu chi chinh, bao gdm ngudn
gbc cua tinh dong, loai yéu cau khach hang va khoang thoi gian 1ap ké hoach [4].

2. Google Maps trong toi wu 1§ trinh

Céc dich vy diéu hudng pho bién nhu Google Maps, Waze va Apple Maps hién
dang duogc sir dung rong rii bai ngudi 1ai xe trén toan thé gidi dé 1ap ké hoach cho céac
chuyén di va lya chon 10 trinh t6i wu theo tinh hinh giao thong thuc té nham tranh Un
tac. Nhitng dich vu nay sir dung dir liéu vi tri hodc dir liéu GPS tir dién thoai thong minh
dé thu thap thong tin giao thong theo thoi gian thuc, chang han nhu tinh trang giao thong,
tai nan giao thong hoic cac tuyén duong bi dong, sau d6 tinh toan va tbi wu héa 16 trinh
cho tirng phuong tién sir dung phan mém diéu hudng. Nhiéu dich vy diéu hudéng con
cung cép céc giao dién 1ap trinh ung dung (API), cho phép ngudi dung truy cép nhiéu
loai dir liéu khac nhau nhu ma tran khoang cach, thoi gian di chuyén du bao, dinh tuyén
theo tinh trang giao thong, dir liéu giao thong thoi gian thuc, ché do xem duong phd va
nhiéu thong tin khac. Cac dich vu ndy cung cap ngudn dit liéu thoi gian thuce phong phu
va dé tiép can, gop phan khic phuc mot s6 han ché cia cac nguon dit liéu truyén thong
nhu cam bién giao thong, camera giam sat hodc cac phuong tién thu thap dit liéu chuyén
dung. Nhirng ngudn dit liéu truyén thong thudong kho tiép can, chi phi thu thap cao, s6

luong han ché va co thé gay sai léch trong qua trinh 1y mau dir liéu, chang han nhu sir



dung dir liéu tir xe taxi dé dai dién cho hanh vi ctia toan bo ngudi tham gia giao thong.
Vi vay, muyc tiéu chinh cua nghién ctru 1a khic phuc nhitng han ché ctia cac ngudn dir
lidu va phuong phap mé hinh héa truyén théng thong qua viéc sir dung cac cong cu
thng ké két hop voéi dir liéu do Google Maps cung cap nham mo hinh hda mang luéi
giao thong va dénh gia do tin cay cua thoi gian di chuyén [5].

Viéc md hinh hoa mang ludi giao thong tir 1au da 1a mot chu dé nghién ciru quan
trong trong linh vyc van tai. Tuy nhién, nhiéu mé hinh duge dé xuit truée day van ton
tai nhitng han ché nhét dinh, chéng han nhu dya trén cac gia dinh khé ap dung trong
thue té hodc c6 cdu tric mo hinh phuc tap. Nghién ciru nay hudng t6i viéc khic phuc
mot phan cac han ché d6 bang cach dé xuat mot phuong phap méi dé xay dyng mé hinh
mang ludi giao thong thong qua viée ap dung cac cong cu théng ké két hop dit liéu tuyén
duong va dir lidu cac doan dudng (link) duoc thu thap tir Google Maps. Cu thé, mang
luéi giao théng duge mé hinh héa nhur mot hé thdng nhiéu cip gdbm cac doan dudng va
céc tuyén duong duoc lya chon. Trong mang ludi nay, dit liéu vé tinh trang giao thong
trén timg doan dudng ciing nhu thoi gian di chuyén giita cac cip diém xuat phat - dich
trén mot s6 tuyén duong cu thé duoc thu thap va phan tich. Nghién ctru s dung phuong
phap uéc luong hop 1y cuc dai (Maximum Likelihood Estimation - MLE) dé xac dinh
gia tri trung binh cua ty I¢ luu thong thanh cong trén cac doan duong, trong dé trang thai
khong un tdc duoc xem 1 thanh cong va trang thai un tdc duoc xem 13 that bai. Cac két
qua ude lugng nay ciing cé thé duge sir dung dé du béo thoi gian di chuyén trén nhimng
tuyén duong bat ky. Ly do chinh cta viéc 4p dung phuong phap MLE duya trén dit liéu
tuyén duong va doan dudng 13 vi ton tai mdi quan hé phirc tap gitta hanh vi giao thong
trén toan tuyén va dong luu thong trén timg doan dudng. Trén thyc té, cac yéu to nhu
tai nan giao thong, khu vuc thi cong, diéu kién thoi tiét bat loi, hanh vi ctia nguoi di bo
hoic sy thiéu hop 1y trong diéu khién tin hiéu giao thong déu c6 thé anh huong dén luu
lugng giao thong va rat kho duoc mé ta chinh xac bang cac mé hinh todn hoc truyén
théng. Trong khi do, viéc st dung céc udc lugng MLE dua trén dir li¢u thuc té cho phép
khai thac dong thoi thong tin & ca cap d6 doan dudng va cap do tuyén duong, tir d6 phan
anh t6t hon cac méi lién hé nay va gian tiép mo ta duoc tinh dong cia hé thong giao
thong.

Phuong phap hé théng nhiéu cp (multi-level systems method) danh cho cac hé
thong hoan chinh c6 cac hé thong con dang nhi phan lan dau tién dugc dé xuat va xay
dung trong mot nghién ctru trude d6. Sau d6, Spall da phat trién co so 1y thuyét cho
phuong phap nay bang cach chimg minh tinh phan phdi chuan tiém can va xay dung cac
khoang tin cdy cho cac udc luong do tin cay dua trén mo hinh hé thong tong thé va hé
théng con sir dung phuong phap udc luong hop 1y cuc dai (MLE). Ngoai ra, mot s6 vi
du s6 ciing di dugc thuc hién nham minh hoa tinh kha thi va hiéu quéa cta phuong phap



trong thuc té. Phuong phap nay tiép tuc duoc ap dung cho mét tuyén duong don 1é tai
khu vuc trung tim thanh phé Baltimore va cho thay wu diém 1a don gian, dé trién khai
va dé ap dung trong cac bai toan giao thong thuc té. Trén co s& do, nghién ctru hién tai
mo rong ¥ tuong tir viée phan tich mot tuyén duong riéng 1é sang mo hinh héa toan bo
mang ludi giao thong.

Nghién ctru [5] mé rong khuon khod duge dé xuat trong cong trinh trude nham
cho phép ap dung mo hinh mang luéi giao thong vao viée xay dung phan phéi thoi gian
di chuyén va dy bao d6 tin ciy cta thoi gian di chuyén trén cac mang luéi giao thong
bat ky. Trong bdi canh nghién ctru, d6 tin cay cta thoi gian di chuyén duoc hiéu 1a mirc
d6 on dinh hodc tinh nhat quan cta thoi gian di chuyén giita cac ngay khac nhau hodc
giira cac thoi diém khac nhau trong ngdy. Pay duoc xem 1a mot yéu t6 quan trong trong
viéc mo hinh hda va phéan tich hanh vi di lai cua con nguoi, béi ndé phan anh mtc do
khong chic chan vé mat thoi gian ma ngudi tham gia giao thong phai d6i mat khi di
chuyén gitra mot cip diém xuét phat va diém dén trong mang luéi giao thong. Chu dé
nay di duoc nghién ciru rong rai trong khoang hai thip ky gan day. Mot phuong phap
thuong duoc str dung dé danh gia do tin cdy cta thoi gian di chuyén 1a khai thac truc
tiép dir liéu thuc nghiém ma khong xay dung mé hinh phan phdi xac suét cho dir liéu.
Tuy nhién, cach tiép cin nay co6 thé bo qua nhitng dic diém quan trong ctia phan phdi
thoi gian di chuyén co ban. Ngoai ra, phuong phap duoc dé xuét trong nghién ctru con
¢6 thé dugc ap dung dé uéde luong d0 tin cdy trong cac mo hinh nhu cau giao thong, noi
can tinh toan do tin cdy cho cac ma tran diém xuét phat - diém dén (Origin—Destination
Matrix). Do céc chi s6 do tin cay & cép doé doan duong, chéng han nhu do 1éch chuan,
khong thé cong don truc tiép dé tinh toan do tin cay & cép do tuyén duong do ton tai su
phu thudc giita cac doan dudng, nghién ciru da dé xuit mot cach tiép can méi bang cach
két hop dit lidu tuyén dudng va dir liéu doan dudng thong qua phuong phap udc lugng
hop 1y cuc dai (MLE), dong thoi xay dung chién luge thu thap dit liéu nham giam thiéu
anh hudng cua su phu thude dir liéu ¢ cép d6 doan duong.

3. Ung dung trong hoat dong logistics tai Ha Noi
3.1 Két qua thuwe nghigm véi quing dwong cé dinh
Trong bao c4o nay, 5 vi tri kho hang duoc gia dinh bao gom Cau Gidy, Péng Da,

Hoang Mai, Long Bién, Ha Dong v&i ma tran khodng cach nhu sau:

Diém xuat N B . .
, 2 Cau Dong Hoang Long Ha
phat \ DPiém Kho » . " .
d4é Giay Da Mai Bién Dong
en

Kho 0.0 4.2 5.1 8.5 7.9 9.3



Piém xuat

) 2 Ciu Pong Hoang Long Ha

phat \ DPiém  Kho X ) N R
B Giay Da Mai Bién Dong

dén
Ciu Giay 4.2 0.0 2.1 6.4 5.7 7.5
Péng Pa 5.1 2.1 0.0 5.5 6.3 6.2
Hoang Mai 8.5 6.4 5.5 0.0 4.1 5.6
Long Bién 7.9 5.7 6.3 4.1 0.0 8.2
Ha Dong 9.3 7.5 6.2 5.6 8.2 0.0

So d6 thuc thi trong trudng hop nay nhu sau:



Buwéc 1. Bit dau chuong trinh

\4

Bwéc 2. Khéi tao thu muc dau ra

\4
Bwée 3. Cau hinh font chit cho biéu do

\4
Bwac 4. Tao dir liu gia dinh:
ma tran khoang cach giira cac diém

\4

Buéc 5. Hién thi ma tran khoang cach

\4

Buwéc 6. Xac dinh tuyén ban dau
(theo thir tr diém duoc cho)

A\

Bwéc 7. Tinh tong quang duong tuyén ban dau

4
Bwérc 8. Giai bai toan TSP

dé tim tuyén t6i wu va tong quing duong toi wu

v

Bwoc 9. Tinh ty 1€ giam quang duong

A

Buée 10. Luu tit ca két qua ra file (Excel, hinh anh, bao cao Word)
va két thiic chuong trinh

Hinh 1. Chu trinh thyc hién t6i wu hoa tuyén duong
Két qua chay chuong trinh thu duoc nhu sau:
- Tuyén dudng ban dau dugc gia dinh (hinh 2): Kho — Cau Gidy — Pong Pa —
Hoang Mai — Long Bién — Ha BPong — Kho



Hodng Mai Kho

Long Bi Ha Paong

Hinh 2. Tuyén dudng tuan ty ban du
- Tuyén dudng t6i vu (hinh 3): Kho — Cau Gidy — Pdéng Pa — Ha Pong — Hoang
Mai — Long Bién — Kho

DPbng Dar du Gidy

Hoang Mai Kho

Long Bién Ha Béng

Hinh 3. Tuyén duong di tdi wu khoang cach
Trong d6, téng quing dudng ban dau 1a 33,40 km, tong quing duong sau tdi uu
la 30,10 km. Ty 1€ quang duong giam duoc la 9,88%.
3.2 Két qua thuwe nghiém véi quing dwong xdc dinh trén google maps
Trong trudng hop ndy, ham thu vién googlemaps duogc tmg dung dé xac dinh

tuyén duong toi vu voi két qua nhu sau:



Ding Da du Gidy

N

Hoang Mai Buru dién Ha Noi

e

Long Bién Ha Bong

Hinh 4. Xac dinh tuyén duong toi vu voi googlemaps

- Thu ty phéan bo ban dau:
Buu dién Ha Noi — Céau Gidy — Pdng Pa — Hoang Mai — Long Bién — Ha Pong
— Buu dién Ha No6i
- Thir tu 10 trinh t6i vu:
Buu dién Ha Noi — Péng Pa — Cau Gidy — Ha Pong — Hoang Mai — Long Bién
— Buu dién Ha No6i
+ Tong quang dudng phan bo ban dau: 55.30 km
+ Tong quing dudng sau tdi vru: 42.00 km
+ Hiéu suét cai thién rat ngan: 24.05%

Danh sach chi tiét cac truc duong chinh va tuyén phé két ndi bat budc phai di qua
dugce boc tach tir ban do s6 cho hanh trinh tdi wu chu trinh toan dién:
Ching 1: Tir Buu dién Ha Noi di Péng Pa

Lo trinh di qua: Phd Lé Thach — Phd Tran Hung Pao — Phd Ba Triéu — Pudng
Nguyén Khuyén — Phé Tén Pirc Thing
Ching 2: Tir Pong Pa di Cau Gidy

Lo trinh di qua: Phé O Chg Dira — Phd Xa Pan — Pudng Nguyén Luong Bang —
Puong Lang — Puong Cau Gidy

Ching 3: Tir Cau Gidy di Ha Dong

Lo trinh di qua: Pudng vanh dai 3 — Puong Khuat Duy Tién — Duong Nguyén Xién
— Puong Tran Pha (Ha Dong)

Chang 4: Tur Ha Bong di Hoang Mai



Lo trinh di qua: Pudng Lé Trong Tan (Ha Pong) — Puodng Phic La — Puong Nghiém
Xuan Yém — DPuong Giai Phong

Chang 5: Tor Hoang Mai di Long Bién

Lo trinh di qua: Puong Tam Trinh — Dudng Minh Khai — Céau Vinh Tuy — Duong
Nguyén Vin Linh — Pudng C6 Linh

Chang 6: Tu Long Bién di Buu dién Ha No6i

Lo trinh di qua: Puong Nguyén Van Cir — Cau Chuong Duong — Phd Tran Nhat Duat
— Phd Hang Thung — Ph Dinh Tién Hoang

Tai li€u tham khao

1. Dantzig, G.B. and J.H. Ramser, The truck dispatching problem. Management
science, 1959. 6(1): p. 80-91.

2. Braekers, K., K. Ramaekers, and 1. Van Nieuwenhuyse, The vehicle routing
problem: State of the art classification and review. Computers industrial
engineering, 2016. 99: p. 300-313.

3. Dantzig, G., R. Fulkerson, and S. Johnson, Solution of a large-scale traveling-
salesman problem. Journal of the operations research society of America, 1954.
2(4): p. 393-410.

4. Mardesi¢, N, et al., Review of stochastic dynamic vehicle routing in the evolving
urban logistics environment. Mathematics, 2023. 12(1): p. 28.

5. Zhao, X. and J.C. Spall, Modeling traffic networks using integrated route and
link data. arXiv preprint arXiv:.01314, 2018.



