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~ MQT CACH TIEP CAN MOI DUA TREN GIAI THUAT DI TRUYEN
DE TIM DPUONG PI TOI UU CUA BAI TOAN DA NGUON DI, PA PICH PEN
TREN GOOGLE MAPS

Hoang Phuéc Loc'”, Nguyén Phong', Lé Thanh Hiéu?
YTvwong Cao ding Si pham Qudng Tri, 2Trirong Pai hoc S pham Hué

TOM TAT

Vian dé tim duong di trong tap cac nit dé cho duong di don ngin nhat giira 2 nat trong d6 thi da
duoc giai quyet bang mot s thuat toan nhu Dijkstra, Hueristic, Floyd, ... Bai toan nay goi la bai
toan don nguon di, don dich dén. Tuy nhién, trong thuc té cudc song cua ching ta can phai giai
quyét bai toan phirc tap hon 1a lam thé nao dé tim duong di toi wu nhat tir da diém lya chon xuat
phat, da diém lya chon dich dén cho cong viéc ciia ngudi dua thu, ngudi giao hang hay di du lich
hang ngay, ... 1a vin dé dang dugc quan tim nghién ctru. Nhirng bai toan dang nay con duoc goi 1a
bai toan don nguén di, da dich dén hodc da nguén di, da dich dén ma céac giai thuat dang ton tai
nhu Dijkstra, Floyd, ... kho giai quyét dugc. Nghién ciru nay d& xuat thuat toan tbi vu dua trén tiép
can giai thuat di truyen dé giai quyet bai toan tim duong di qua da diém, thudc 16p bai toan da
ngudn di, da dich d&én, tir 46 dé xuat mot ing dung ti wu hoa chi phi di lai dya trén dir liéu Google
Maps. Két qua thi nghiém chi ra rang phuong phap dé xuat t6i wu hon vé dudng di va thoi gian khi
so sanh véi cac ung dung phd blen nhu Google Maps, Dia diém va thuét toan Dijkstra. Nghién ctru
nay hy vong mang lai nhitng nén tang mg dung d¢é giai cac bai toan giao thong trong doi sdng mot
cach hi€u qua.

Tir khéa: Puong di ngan nhat, P thi, Google Maps, Gidi thudt di truyén, Pa nguon di da dich dén
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A NEW APPROACH BASED ON GENETIC ALGORITHM
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ABSTRACT

Searching path problem in two points of graph is solved by some algorithms such as Dijkstra,
Hueristic, Floyd, etc. This problem is belong to single source, single destination problem.
However, in our real life, we need to solve more complexity problems, which are how to find the
optimal path through multi-source selection, multi-destination for some works such as postman,
roundsman or travel man, etc. are interesting research problems. The Dijkstra and Floyd
algorithms can not solve the finding path problem in multi-source and multi-destination. This
research proposes an optimal algorithm based on genetic algorithm approach to solve finding path
problem through multi-point, which belong to class of multi-source, multi-destination problem.
And also proposes an application for optimizing travel cost based on Google Maps database. The
experiment results pointed out that the proposed method is more optimal in time and travel cost in
comparison with some real applications such as the Google Maps and Pia diém applications, and
also Dijkstra algorithm. We hope that, this study brings the application grounds to solve travel
problems in the real life effectively.
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1. Giéi thiéu

Tim duong di ngin nhat 1a bai toan dugc ap
dung rong rii trong giao thong, truyén thong
va trong mang may tinh. N6 giai quyét nhimng
thach thirc dé xac dinh mot duong di voi 10
trinh chi phi nhé nhat vé khoang cach, thoi
gian hay gia tri tir nguon dén dich thoa man
nhiing yéu cau nao d6 ciia nguoi s dung.
Trong 16p cac bai toan tim duong di ngin
nhat, bai todn giao thf)ng la mot bai toan 16,
co tac dong sdu rong dén doi sdng cia con
ngudi vé nhu cau van chuyén, di lai v6i mot
16 trinh thong minh va it chi phi nhat. Do dé,
mg dung khoa hoc cong nghé vao phat trién
cac dich vu hd tro dé lya chon phuong an
giao thong t6t nhat 1a mot yéu cau luén duge
dat ra voi nhitng nha nghién ciru.

Tuy nhién, nhitng céng bd lién quan dén bai
toan tim duong di ngin nhit hau hét giai
quyét bai toan tim duong di ngin nhét giira
mot dinh ngudn va mot dich dén. Nhimng bai
toan tim duong di gitta don ngudn di va da
dich dén hodc da ngudn di va don dich dén
cling da duoc nghién ctu nhung két qua van
con khiém tén. Vi bai toan tim duong di
giita Pa Nguon Di va Pa Pich Bén (DND,
DPDD) duge mo ta 1a bai toan tim diém xuat
phat t5t nhat trong n diém va dong thoi phai
tim 16 trinh qua tap da diém (n-1 diém con lai)
dugc lwa chon tiy ¥ theo mot cach nao do dé
dat chi phi nho nhét 1 bai toan 16n, phirc tap
it dwoc nghién ctru va cong bd. Bai toan dang
nay duoc bt gap rat phd bién trong doi sdng
ciia chung ta dit ra nhu: Lam thé nao dé
nguoi giao hang hay nguoi du lich chon mét
16 trinh trong tap n diém can dén véi quing
duong ngin nhat va chi phi di lai ré nhat. Day
la nhitng bai toan thuc té dang dat ra va hét
sirc can thiét ma da s thuat toan to ra khong
hiéu qua hodc kho giai quyét dugc. Thuat
toan Dijkstra duoc biét dén 1a mot thuat toan
phd b1en dé tim duong di ngan nhit trén do
thi xuat phat tir mot ngudn s va mot dich dén t
x4c dinh. Han ché cua thuét toan Dijkstra 1a
kho dé xac dinh dugc duong di toi wu nhét dé
di qua n dinh nao d6 ma dinh ngudn va dich
1a bat ky trong n dinh va nhiing han ché khac
dugc chi ra ¢ [1]. Nhiing cong bd gan day cho

thy, v6i thuat toan Heuristic tim ra duong di
tdt nhat trong da ngudn di ciia n nit nhung chi
giai quyét duoc trong mot dich dén don cla
d6 thi [2]. Liang va Wenjia ¢ [3] cling dé xudt
mot thuat toan moi dé tim duong di trong do
thi da ngudn di va mot dich den dé giai quyet
bai toan dich vy dinh tuyén trong truyén
thong. CO thé no6i rang, cac giai thuat
Heuristic ciing to ra han ché dé giai quyét bai
toan DND, BDPD da duogc chung minh 1a bai
toan c6 do phuc tap NP-day du.

V6i nhitng han ché vé chi phi dudng di cua
thudt toan Dijkstra va cac thut toan Heuristic
trong vigc giai quyet cac bai toan tim duong
di ngin nhat trén d6 thi, trén mang dinh tuyén
hay dinh duong di cua robot. Giai thuat di
truyen (GA) ra doi va mang lai nhimng vu thé
noi trdi trong viéc giai quyet bai toan tdi uu
hoa duong di nay [4]. Hién nay, giai thuit GA
duogc ung dung trong kha nhiéu linh vuc khac
nhau nhu: t6i wu héa duong di trong mang
may tinh; tim duong di cho ban dd video
game; tim duong di ngan nhét cho ro bét, két
hop lai ghép gidi thuat GA véi cac giai thuat
khac dé giai quyét bai todn nao do. O [5], cac
tac gia su dung GA trong viéc t6i wu hoa dinh
tuyen dé chuyén cac tin hiéu giao thong tir
ngudn dén dich. Mot nghién ciru khac ung
dung GA dé tim duong di don trong d6 thi da
nat ciia mang chuyén mach géi véi thoi gian
chap nhan duogc [6]. Nhirng nghién ctru tuong
tu s dung giai thuat GA dé tim duong di
ngan nhét trong mang chuyén mach géi giita
nat ngudn va nit dich ciing duoc chi ra & [71,
[8], [9] va [10]. Tuy nhién, nhimg cong bd
nay chi tap trung nghlen clru dé tim ducmg di
t6i wu tir ngudn dén dich hoic cho két qua
duong di don tir do thi da dinh xuit phat tir
mot dinh ngudn. O [11], cac tac gia thé hién
mot tiép can giai thuat di truyén méi dé giai
quyét van d& bai toan tim duong di ngin nhat
giita hai thanh phd chi ra ctia ban d0 giao
thong. Mot sé ing dung trén thiét bi di dong
sir dung GA dé xac dinh 16 trinh duong di
gilta 2 nit giao thong ciing duoc cong bd &
[12], [13] va [14]. Nhiing ung dung nay giai
quyét cac bai toan thudc 16p don ngudn di,
don dich dén don gian va linh vuc nay cé
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nhidu cong bd. Mot hudng tiép can khac 1a
tac gid su dung thuat toan lai ghép GA véi
giai thuat toi wu héa dan kién hodc giai thuat
Dijkstra va GA d¢ giai quyét bai toan tim
duong di ngin nhét cia mang khong day [15]
va [16]. Nhirng tng dung dugc cong bb nay
cling chu yeu tap trung giai quyet bai toan tim
duong di ngdn nhit giita 2 nat cua ban d6 hay
mang khong day. Tu nhitng phan tich ¢ trén,
6 thé dé nhan thay giai thuat di truyén dugc
ung dung rong rai trong nhleu linh vyre dé giai
quyét cac bai toan thuc té cua doi song con
ngudi. Tuy nhién, nhitng tng dung dé cap &
trén thudc 16p tng dung chu yéu 13 tim duong
di t6i wu tir ngudn dén dich xac dinh hogc cho
két qua duong di don trong d6 thi da dinh
xudt phat tir mot dinh ngudn. Cac tng dung
ma& rong trén ban dd da nguén Ivra chon va da
dich dén nham tim kiém giai phap t6i vu cho
bai toan giao thong van con chua duoc nghién
ctru dung muc, chua tdi wu trong viée dua ra
101 giai cudi hodc chua hd tro tim kiém qua
DND, bbb. Tu nhiing 13p luadn trén, trong
bai bao nay cac tac gia di nghién ctru va dé
xudt mot thuat toan méi dua trén tiép can di
truyén dé tim duong di tdi (ru nhat trong
DND, BDD duya trén dit liéu vao cua Google
Maps. Két qua thyc nghiém chi ra rang
phuo‘ng phap dé xuét t6i wu hon khi so sanh
v6i két qua tim kiém duong di cia ung dung
Google Maps, utng dung Dia diém
(http://www.diadiem.com/) va so sanh voi két
qua cua giai thudt Dijkstra.

Phan con lai cua bai bao duge ciu triic nhu
sau: Phan 2 mo ta vé giéi thuat di truyén va
giai phap dé xuat. Dé xuit thuat toan dya trén
cach tiép can cua giai thuat di truyén dé tim
duong di ngan nhét trong da diém ctia Google
Maps dugc dit o Phan 3. Két qua thuc
nghi€m va so sanh danh gia véi cac ung dung
va giai thuat khac duoc dit & phan 4, nhimng
két luan va kién nghi dugc dit ¢ Phan 5 cua
bai béo.

2. Giai thuit di truyén

Giai thuat di truyén dua trén y tudng qua trinh
tién hoa cua sinh vat trong tuy nhién dé mo
phong giai thuét nhim giai quyet cac bai toan
t6i wu hoa va dua ra 1oi giai tot nhat voi mong

mudn téi vu theo su tién hoa cua cac loai vt
trong thé gidi ty nhién.

Giai thuat di truyén dugc mo ta mot cach co
ban nhu sau. Pau tién, chung ta xac dinh cac
tham sb vao cua bai toan va sau do khoi tao
quan thé ban dau 1a cic tap nghiém cua bai
toan. Tiép dén, xac dinh do thich nghi cua cac
c4 thé trong quan thé, tirc 1a thoa mén diéu
kién cua bai toan néu ra va néu 1oi giai dat tbi
vu thi théng bao két qua cia bai toan va két
thuc. Nguoc lai, néu 101 giai chua tbi uu, ta
tién hanh chon loc cic ca thé theo mot
ngudng nao d6 va tién hanh lai tao nham tao
ra quan thé mdi. Cudi cing tién hanh dot bién
nhim tao ra cac ca thé c6 do thich nghi cao
hon. Qua trinh nay lap lai va dugc goi la qua
trinh di truyén dé tao ra cac nghiém tdi uu
nhat. Dya vao so dd giai thuat nay, cac tac gia
da xay dung, cai tién thuat toan va tao mot
mg dung Demo* dé tinh chi phi di lai téi wu
trong da diém. O thi nghiém md phong nay
cac trong s6 cua bai toan duoc sinh ra mot
cach ngu nhién. Bang 1 md ta mot phin ma
trdn duong di va cac phuong an lua chon
duoc sinh ra tir thuat toan. Theo két qua cda
Bang 1 thi phuong an Iya chon theo tiép can
DND, DPD dé dat duong di t6i wu nhét 1a tip
cac dinh theo thir ty xuét phat: 14 1149 15 1
719617102813 0183 1216 5, vdi quang
duong ngan nhét 1a 30. Néu thyc hién giai
thuat theo tiép can don ngudn di, da dich dén
va dinh xuit phat 14 dinh 0 va dinh dén 1a N
dinh bt ky thi 16 trinh t6i wu nhét 1a: 0 18 3 9
15171962813 121651411417 10 voi
quang duong 1a 39. Tu day ta dé dang nhan
thdy rang trong cac bai toan giao thong, cach
tiép can DND, DPD 1a bai toan phic tap véi
nhiéu rang budc, tuy nhién két qua chi phi
thue té cua nguoi sir dung 13 toi wu hon nhiéu
cach tiép can don ngudn di, don dich dén
hoac don nguén di, da dich dén.

3. P¢ xuit thuit toan va ing dung tim
dwong di toi wu trong PND, PDPD

Trong thyc té cho thiy, bai toan vén tai hay
du lich, nguoi su dung mudn lap mot ké
hoach dé thuc hién 10 trinh N diém dén véi

! http://doisanh.edu.vn/dadiem/giaithuatditruyen.aspx/
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mot chi phi vé 10 trinh nho nhét 1a mot nhu
ciu 16n. V6i y nghia 0, cac tac gia da dé xuat
thuat toan dua trén tiép can cua giai thudt di
truyén va xay dung hé théng tim kiém duong
di trong da diém Google Maps. Hinh 1 mé ta
thuat toan tim kiém duong di t6i uu trong da
diém Google Maps. Tién trinh cua thuat toan
dugc mb ta mdt cach ngin gon biang ngdn
ngtr ty nhién nhu sau: Trudce tién, thuat todn
xt ly dir liu va doc cac diém tir Google
Maps vao ma tran. Ké dén, tién hanh xir ly
mang va tinh khoang céach giira cac diém. Sau
d6 kiém tra c6 hay khong su ton tai cua
duong di theo yéu cau cua bai toan. Néu
khong ton tai duong di thi thong bao duong di
khong ton tai va két thuc. Néu ton tai duong
di, thuat ton tién hanh kiém tra c6 ton tai
duong di don khong, néu chi ton tai duong di
don thi thong bao ton tai duong di duy nhat
va tién hanh xuét duong di trén Google Maps

va két thac. Néu duong di ton tai va khdng
duy nhét, chung ta chuyén sang budc tiép
theo 1a tim duong di t6i wu trong da diém da
Xuit ra & ma tran dua trén tiép can cua giai
thuat GA. Sau qua trinh tinh toan s€ cho ra
duong di tdi wu va chuyén sang budc tiép
theo 1a xuit duong di trén Google Maps va
két thuc thuat toan. Thuat toan: CGTDDG liét
ké chi tiét nhitng modul co ban cia giai thuat
cai tién ctia Hinh 1. Hinh 2 mé ta tmg dung
Demo? duoc phat trién nham hd trg nguoi
ding tim duong di t6i wu trong da diém
Google Maps. Hinh 2 con thé hién 16 trinh
dudng di chi tiét trén ban d6 dé ngudi ding c6
thé nhin thdy mot cach truc quan dudng di cua
minh trén may tinh, tablet hay thiét bi di dong.
Pong thoi hién thi thong tin tom tit gdm chi phi
quing dudng, thoi gian di dy kién bang taxi, dé
xuét 19 trinh diém khéi dau, cac diém can di qua
va diém dau cudi can dén.

Bang 1. Mo ta ma tran duong di va nhitng phwong an lya chon

Chudi gen di truyén Quing duwong
1411 4 9 15 1 7 19 6 1710 2 8 13 0 18 3 12 16 5 [30]
7 196 2 8 16 5 1411 4 13 0 18 3 9 15 1 17 10 12 [37]
2 8 16 5 14 11 4 13 0 18 3 9 15 1 7 17 10 12 19 6 [40]
101712 3 9 15 1 7 19 6 2 8 16 5 14 11 4 13 0 18 [44]
151 7 196 2 8 16 5 1411 4 13 0 18 3 9 12 10 17 [44]
8 1016 5 14 11 4 13 0 18 3 9 15 1 7 19 6 2 17 12 [49]
3 9157 19 6 2 8 16 5 1411 4 13 0 18 1 12 10 17 [52]
13 8 16 5 14 11 4 2 0 18 3 9 7 19 6 17 10 12 15 1 [58]
16 5 1411 4 13 0 18 3 9 151 7 19 6 2 8 17 10 12 [41]
19 6 2 8 16 5 1411 4 13 0 18 3 9 15 1 7 12 10 17 [47]
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Hinh 1. Tim dwong di t6i wu trong DND, PPP trén Google Maps theo tiép cdn di truyén

? http://doisanh.edu.vn/dadiem/haihoacnhieudiem.aspx
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Bang 2. Danh sdch da diém thiec nghiém (N=10)

w
—

Pia di€ém can dén

Hung Vuong, Pong Ha, Quang Tri

Lé Loi, BDong Ha, Quang Tri

Lé Duén, bong Ha, Quang Tri
Ham Nghi, Bong Ha, Quang Tri
Nguyén Hug¢, Pong Ha, Quang Tri

©Co~NoOTaAWNRFH

[y
o

Trin Cao Van, bong Ha, Quang Tri

Tran Hung Pao, Dong Ha, Quang Tri
Nguyén Dinh Chiéu, Pong Ha, Quang Tri
Ly Thuong Kiét, Bong Ha, Quang Tri
Dién Bién Phu, Dong Ha, Quang Tri

Thuat toan: CGTPDG (Cadi tien Giai thudt di truyén Tim dwong di trén DND,

DDD cua Google Maps)

Input: Pa diém tim kiém trén Google Maps.
Output: Mot dudng di toi uu qua da diem trén Google Maps.

Method:

1: Tao mot danh sach s& chira da diém trén ban dd;

2. {

C}
: Xur 1y da diém trén Google Maps;
- q
Xu ly da di€m; )
9: Kiém tra dudng di ton tai;

PRNIDAED

Tao mang chira da diém can tim kiém;
Thém mang da diém vao céc vi tri cua Google Maps tuong rng;

10:  Tinh toan khoang cach cua 2 diém ton tai trén Google Maps;

11: }

12: Truy van tinh toan dudng di ngan nhét cia DND, DPD duya trén tiép can di

truyén;

//C6 N phuong 4n chon ngudn di va N phuong 4n chon dich dén chua xéc dinh.

13: {

14:  Khdi tao cac tham sb (cac diém, quén thé, GEN, dot bién, V),

15:  Tim va chon duong di tdi wu;

16: {

17: Sinh ra va chon loc nhitng phuong 4n GEN tbi wu;

18: {

19: Tim va chon loc chudi GEN tét nhét trong cac GEN la
phuong 4n duong di tdi wu;

20: }

21: }

23: }

24: Théng bao duong di toi wvu qua N diém trén Google Maps;

25: Return.

4. Két qua thye nghiém

Trong nghién ctru nay, cac tac gia di tién
hanh thyc nghiém dé tim duong di t6i wu nhat
trong DND, PPD (N=10), v6i 16 trinh mdi
diém 1a toa do tim kiém diém gin nhit cua
duong giao nhau tir co s¢ di li€u & Google
Maps dugc chi ra & Bang 2. Hinh 2 1a két qua

thue nghiém cta phuong phap dé xuét, n6 chi
ra thir tu cac nit duoc di qua dé cho két qua
duong di t6i wu nhat. O bai bao nay, cic tac
gia ciing da tién hanh chay thuc nghiém dé so
sanh giai phap dé xuat véi cac ing dung phd

bién: (1) Google Maps
(https://www.google.com/maps/). (2) Ung

dung Pia diém (http://www.diadiem.com/) la
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mdt trong nhiing tmg dung tim dudng di pho
bién nhit ¢ Viét Nam va (3) thudt toan
Dijkstra. Két qua so sanh duoc thé hién chi
tiét & Bang 3. Két qua nay cho thiy phuong
phap dé xuat tdi ru hon céc ung dung khéc ca
vé duong di toi uu va chi phi thoi gian. Ung
dung dé xuit thuc hién 16 trinh véi quang
duong 1a 21,8 Km va thoi gian du kién bang
phuong tién 6 t6 1a 46,65 phut, chi tiét duogc
thé hién ¢ Hinh 2. Trong khi d6 tmg dung
Google Maps (1) thuc hién 16 trinh v6i quang
duong 1a 27,1 Km va thoi gian du kién 1a 57
phat. Cu thé két qua dwoc chi ra & Hinh 3.
Ung dung tim dia diém (2) khong hd trg tim
kiém duong di theo dang DND, PPP. Ung
dung nay chi hd tro thyc hién tim kiém dudng
di theo doan kiéu mot nguén di, mot dich dén,

P o Tk G Vi, Py M Qwbing T 04 el Dby 1A, Qg Bf

L Dul, By B Quing T1] - Mug vasng Dy 114 Quiiny Bt

chi tiét dugc chi ra ¢ Hinh 4. Trong nghién
clru ndy, cac tac gia ciing tién hanh cai dat
dya trén thuat toan Dijkstra dé tim kiém
dudng di tdi wu cho bai toan dé cap. Két qua
thuat toan Dijkstra khong thé thuc hién duogc
bai todn vdi rang bude lua chon DND, bDD.
Két qua thuc nghiém nay cho thdy ring,
phuong phap d& xuit dé tim kiém duong di
t6i uu trong da diém véi dir lidu va ban do
thuc té duge chiét xuét tir Google Maps co
nhidu wu thé ndi troi va tdi wu hon cac ung
dung phd bién khac dugc so sanh. Phuong
phap nay co thé dugc sir dung dé xay dung
cac ung dung vé bai toan lién quan dén giao
thong trong thé gi6i thuc nhim tiét kiém chi
phi va hira hen mang lai hiéu qua kinh té 16n
trong thé gidi sb ngay nay.
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Hinh 2. Két qua tim dwong di t6i wu trong da diém ciia phwong phdp dé xuat

Bang 3. Két qua so sanh thuwc nghiém

Phwong phap dé xuit Google Maps  Pia diém Thuit toan
(CGTBDG) (1) (2) Dijkstra (3)
Quang duong 21,8 27,1 #, (™ (##)
(Km)
Chi phi thoi gian 46,65 58 ™ #)
(phat)

#: Ung dung khong hé tro dé thuc hién tim kiém dwong di theo dang PNB, PDP.

(*): Ung dung chi thiee hién tim kiém dwong di theo doan kiéu mot nguon di, mét dich dén, két qua dwong
di va chi phi thoi gian duoc tinh theo 19 trinh ma nguoi s dung nhdp vao.

(##): Thudt toan cai dat khong thé thue hién dwoc loi gidi voi bai toan DPND, DDD.
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Hinh 3. Tim dwong di trong da diém ciia iing dung Google Maps

Hinh 4. Tim dwong di ciia irmg dung Pia diém (diadiem.com)

5. Két luan va kién nghi

Trong bdi canh ing dung cong nghé thong tin
theo xu thé thoi dai cong nghiép 4.0 dang
dién ra va hudéng dén mot cudc cach mang 5.0
sdp toi. Viée xdy dung cac giai phap tdi uu dé
giam chi phi cho bai todn di lai cang tré nén
can thiét nham gop phan phat trién kinh té, xa
hoi ctia mdi qubc gia trén thé gidi. Trong bai
b4o nay, cac tac gia da dua trén tiép can cua
giai thuat di truyén dé xdy dung mot giai
thuat nham tim kiém duong di téi vu trén co
s¢ dit liéu da diém cia Google Maps. Giai
thuat nay duoc dung dé phat trién mot tng
dung tim kiém duong di tdi wu cho bai toan
DND, DDD trén ban d6 Google Maps. Ung
dung thyc nghiém duoc danh gia qua tap dir
liéu vao N=10 nut. Két qua thyc nghiém nay
dugc so sanh véi cac tmg dung pho bién nhu
https://www.google.com/maps/,
http://www.diadiem.com/ va thudt toan

Dijkstra. Két qua so sanh cho thiy giai phap
dé xuat t6i wu hon cic ing dung va thuat toan
duogc so sanh vé chi phi khoang cach va thoi
gian. Vé&i két qua niy, cic tic gia hy vong
giai phap s€ dugc su dung vao cac linh vuc
khac nhau trong giao thong, trong du lich,
trong vén hay céc cong viéc khac.

Trong nghién ctru nay, khi st dung tng dung
dugc dé xuat dé tim duong di v6i sé diém kha
1on, bude xtr Iy mang va tinh khoang cach céac
diém cia thuat toan con chim. Do mét thoi
gian hang doi khi doc va chuyén dbi dir liéu
thuc phu thude vao dir li€u cua Google Maps.
Pay cling 1a cong viéc ma nhom tac gia s€
nghién ciru dé cai tién va dé xuat giai thuat ti
wu hon trong tuong lai. Hon nita, trén nén
ung dung nay, xay dung cac ung dung di kém
dé giai quyét cac cong viéc khac nham ap
dung vao doi séng xa hoi ciing 1a nhiém vu
trong twong lai ma nhom tac gia huéng dén.
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