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Phéin Tuyén Xe buyt O Thanh Ph6 H6 Chi Minh

Nguyén Trudng Hdi - Trudng THPT Chuyén Tran Hung Pao, Binh Thudn
Tiéu Phdt Pat - Truong Phé Théng Ning Khiéu - PHQG TP Ho Chi Minh
Pham Thanh Ngoc - Truong quoc te Anh - Viét

T(“;ng quan

Nhém chiing t6i xin dé xuit 3 mé hinh cho viéc phin phdi xe buyt 6 mét sb tuyén xe cu thé & Thanh
phb H6 Chi Minh dé nang cao hiéu qua di lai va tiét kiém chi phi. Nhitng mé hinh nay sé huéng t6i
nhitng vu tién khéc nhau trong viéc phan phdi sb xe, tit d6 nghién cttu va chon ra phuong 4n vita dap
{tng nhu cAu clia ngudi dan, vita kha thi dua theo phin bb dia ban va din cu trong thanh phd.

V& huéng thit nhit, ching t6i mong mudn gidm thiéu thdi gian chd xe ctia hanh khach trén cac chuyén
v6i sb luong xe buyt gidi han. Sé di phuong an nay duge dé xult 1a d€ han ché su bit tién ma hanh
khach phai gip. Trong khi d6,  huéng thit hai, ching t6i ddm bao nhu ciu ctia hanh khach va tiét
kiém chi phi mua xe buyt. Ng4n sach ctia thanh phd sé khéng gia ting qua mitc va sé khong tén qué
nhiéu vi tri cho bén bai. Cubi cling, ching t6i quyét dinh thay déi sb tram va vi tri clia ching, nhu mét
su chudn bj hitu ich cho viéc phan phbi sb xe vio cac tuyén. Huéng 1 va 2 6 thé sé dugc giai quyét tot
hon khi ¢6 su phén bb lai cac tram xe.
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1 Ditvan dé

Tit 1au, xe buyt da tré thanh phuong tién giao théng céng cong quen thude dbi véi ngudi dan Thanh
phb Hb Chi Minh. Xe buyt déng vai tro khong nhé trong viéc giai quyét nhu cu di lai gia ré cho hanh
khach. Hién nay, do su gia ting clia dan sb va lugng ngudi nhip cu tit cac khu vuce khac, nhu ciu st
dung xe buyt ngay cang cao. Vi vy, rit cAn su diu tu ding muc clia cic co quan chitc ning d€ dap tng
mong mubn xac dang ctia ngudi d4n. Tuy nhién, viée ting s6 xe va xiy dung cac chuyén sao cho phi
hop véi dia ban, dan cu thanh phé ciing nhu ddm bao nhu ciu ctia ngudi di xe buyt 1a khéng hé don
gian. Diéu nay d4 tré thanh mot vAn dé nan gidi dbi v6i bd may 1anh dao Thanh phé trong nhiéu nim
qua.
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So db cac tuyén xe trong thanh phb

Nhan thdy yéu ciu cip thiét d6, nhém ching t6i da suy nghi vé viéc phan hoach sb xe & cac tuyén
duong. Y tudng dé da din dén bai toan va mé hinh di néu. Tuy nhién, do sb liéu va thdi gian c6 han,
& day ching t6i chi xét 6 tuyén xe buyt cu thé dé 1a: tuyén 02, 28, 30, 109, 149, 152 d& tién cho viéc
mo hinh hoa. Néu md réng theo cach ndy trén mot quy mé 16n hon, chiing ta cé thé c6 mét cach phan
hoach xe buyt hiéu qua giai quyét cho nhu ciu 16n hon nhiéu so v6i mé hinh.
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2 Mo hinh héa bai toan va cac gia thiét

DE viéc xay dung mé hinh dudc thuén tién, do c6 mét vai diéu kién phtic tap anh huéng 16n dén viéc
nghién cttu nén nhém da don gian hod mot sb yéu tb clia viée di lai bing xe buyt nhu:

(1) Gia st so db tuyén 1 khong déi va giao thong ludn 6 trang thai Iy tudng.

(2) Nhu cAu di lai 13 bing nhau tai cic vi trf tram va thoi gian trong ngay.

(3) Khoang thdi gian giita 2 chuyén cach nhau trén méi tuyén khéng déi.

(4) Céc thay déi trong mé hinh ap dung vao thuc té déu dudc su chép thuin cta co quan 6 thdm
quyeén.

(5) Céc xe buyt dude cip stt dung ludn trong diéu kién hoat déng tét.

(6) Trong thuc t&, mét sb tram gan nhau c6 luong hanh khach nhé thi sé gop lai thanh 1 tram c6
luogng hanh khach da 16n trén mo hinh.

Ching t6i dua ra mét ban db 16 trinh thu gon céc tuyén néi trén. Cac dudng bifu thi 16 trinh cla cac
tuyén, con cac chdm tron dai dién cho cac tram trén tuyén dé. Muc tiéu clia ting huéng di sé duge 1am
16 & phan dudi.
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3 Hudng giai quyét

3.1 Toi vu vé nhu cdu sit dung ctia nguoi dan theo thoi gian
Bai toan. V6i sb luong xe buyt cho siin, ta cAn tim ra cach phan bb s xe buyt vao cc tuyén sao cho
t6ng thoi gian chd ctia hanh khach 14 nhé nhét.

LJi giai. Gid st vin toc cta cac xe trén tuyén tai moi théi diém la nhu nhau.

Xét tuyén dudng i, trén dé c6 sb tram 14 a; + 1, khodng cach giita 2 tram 13 b; va sb xe buyt 13 s;. Gia

stt van tbc trung binh cta xe 14 v, km/h thi d6 dai tuyén dudng 14 a;b,. Thoi gian xe chay hét tuyén 13
a;b; /o2 1A . A 1A ~ & @b | A 4 \ 4 N A 2R 2.
. Do d6 & bén A;, xe di dén bén B; sé mat —— va quay vé cling mat chiing ay thdi gian nén dé di
Vi Vi

a;b;

tlt A;, dén B; rdi quay vé A;, xe mét m, := git. Luu y rang A, 1 bén xut phat va B, 1a bén két
Vi

thic ctia chuyén thit i.

Ta can tinh xem sau bao 14u thi ¢4 1 xe xuat bén.

o Néu chi c6 1 xe thi mét m; phtit méi 6 1 xe xudt bén.
A s . L n N L T A, 1 A
o Néu c6 2 xe thi thay phién cho nhau nén chi mat ?l phut la c6 1 xe xuat bén.

, 4 A \ m; T A, 1A
o Ci nhu thé, suy ra néu cd s; xe thi cit sau — phtt 1a ¢6 1 xe xuat bén.
i

LA N PR T fs A NI A \ . m; T ,
Diéu nay cling ndi 1én rang v6i mot tram tuy y trén tuyén dudng i, cit sau — pht la ¢ 1 xe buyt. Do
i
trong ngay, & tuyén i c6 N; ngudi c6 nhu cau st dung thi tong cong sé c6 N; ngudi di don xe buyt tai

bat clt tram nao trén tuyen i.

D€ don gian vAn dé, ta gid st ring mdi ngudi nay déu vita tré chuyén xe trude do, va phai chd ding
m; , Lo 71 A LA LR NP . > N 5 ~ \s
— phiit méi dén dudce chuyén tiép theo. Do dd, tong thdi gian doi xe (trong ca ngay) clia nhiing ngudi

1
N.-m

i i

trén tuyén i la:
Si

Tinh t6ng hét trén k chuyén tit 1 dén k, ta cAn tim gia tri nhd nhit ctia ham muc tiéu:

N,-m N, -m N,.-m
=1 1 2 "2, 4k Tk

F=
S1 S2 Sk
, \ 2‘ai'b
trong d6 s; +s,+...+s,=Lvam; = ——.
Vi

V6i mé hinh, ta ¢6 thé tim dudc cac gid tri cGa s;,5,, ...,s; bang bat ding thiic Cauchy - Schwartz. Tuy
nhién khi 4p dung bt dang thitc nay, thi diéu kién cac bién nguyén cta ta chua dude ddm bao. Do dé
khi tim dugde diu bing bing bt ding thitc Cauchy - Schwartz, khi tim dudc gia tri cta cac bién, ta sé
thit phin nguyén va phin tran clia chiing va tht cic dap sb. Gia tri thod mén diéu kién tot nhit ta sé
14y 1am két qua.
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Vi du 1. 6 tuyén néu trén cé cdc db dai tuyén a; - b;, nhu cdu N; va téng sb xe L = %is; = 50 duoc ghi
lai theo bdng sau:

Tuyén 02 | 28 | 30 | 109 | 149 | 152

D6 dai tuyén (km) | 13.75 | 25.9 | 9.48 | 34 | 22.5 | 15.55
Sb tram 38 65 | 59 | 22 | 47 28

Nhu cdu No Nog N3y | Nigg | Nigo | Nisy

Khi do, theo doan code Python [1], ta tim ra dudc cac gia tri s; sau:

Tuyén | 02 | 28 | 30 | 109 | 149 | 152

| Séxe(s) [11]17[22] 4 | 12 | 12 |

Ngodi ra, tdng thdi gian chd nhé nhit clia mbi hanh khach trén 6 tuyén 1a xap xi 10 phit (duge tinh
béng thuong giita téng F v6i tdng sb lugt trén sb chuyén).

3.2 Tbi uu vé chi phiva tién vén ddu tu
Bai toan. Thuc té, Thanh phé H6 Chi Minh khong chi st dung mét loai xe buyt. C6 nhiéu loai xe
dugc dé cip d€ phuc vu ngusi dan. Trong bai viét nay, ching t6i stt dung k loai xe véi k siic chita
khac nhau.

Gia thiét: Nhu cAu clia ngudi dan 1 nhu nhau tai moi vi tri trén tuyén dudng va sb lugng xe phai dap
{ing d nhu ciu cta ngudi dan.

Input:

o j: sb chd trén 1 xe buyt (Diing d€ phén loai xe buyt. Vi du: xe buyt 30 ch, 40 chd, 50 chd, v.v ).

/. sr A o ’ s . X A
° s,;: gia tién cua 1 xe buyt c6 j cho ngoi.

o N;: lugng hanh khach trén 1 16 trinh xe buyt clia tuyén .
Output:

0 Sy s6 xe buyt c6 j chd trén tuyén i(i=1,23,...,k).
o P;: tdng tién von nhd nhit d€ mua xe.

Xét trén tuyén i, tdng stic chia ctia xe buyt phai 16n hon sé ngudi N; di trén mét 16 trinh dé 6 thé dap
{ing nhu ciu ctia ngudi dan. Thé nén, ching ta c6 bt phuong trinh diéu kién:

Z] * si*]' 2 Ni
P, =s,,; -s._. 1a nhd nhét

i*j [£3)]

Luu ¥ ring ta sé toi uu trén mbi tuyén xe buyt, do d6 ta sé tach bai toan 16n thanh k bai toan nhd khac
nhau. Nhitng cai téng ta cé thé coi nhu i 1a ¢b dinh va cho j chay theo chd ngdi clia cac loai xe.
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Trén thuc té, stic chita ctia bén xe 13 c6 han. Bén xe ctia tuyén i chi c6 thé chita dudc n xe. VAy nén
28 < n.

ixj =

Vi du 2. Chiing ta mubn ti wu tién vbn trén tuyén sé 2 véi nhu cdu trung binh la 366 ngudi trén
tuyén. Biét sitc chita ctia bén xe cho tuyén 2 la 12 xe va

Loai xe ( chb) | Gid xe (ty d‘éng)

26 0,86
35 1,18
46 1,6

Tt dit liéu trén, ta c6 hé phuong trinh tuyén tinh
26 . 52*26 + 35- 32*35 + 46 . 52*46 2 366
$2426 T 52435 T 52446 = 12
Ham cin tbi wu
0,86 52,96 + 1,18 53,35 + 1,6 52,46
VA ta cAn tim min cia ham nay. Dung Python [2] gidi hé phuong trinh tuyén tinh trén, c6 thé tinh dugc
[52*26: $2435> 52*46] = [6’ 6’ O]

v6i P, = 12,24 ty. Ngoai ra, trong thuc té thi xe ¢6 x chd ngdi thi c6 thé chita nhiéu ngudi hon, trung
binh thi sé chtta khodng 2x ngudi. Do d6 ham clia ta con c6 thé t6i wu hon bing cich nhin vao "hé sb
chén ép". Chang han,

N[ =2

_ L \ 2 A
i = LSisj Sy la nho nhat

3.3 Thay ddi cdc tram dé tbi vu héa bai todn dua trén nhu cdu ctia nguoi ddn

O 2 phan trén, ta chi xét trong trudng hop sb tram & mbi tuyén khéng d6i va nhu ciu 8 cac tram khéc
nhau 13 tuong duong nhau. Trong huéng tiép cin nay, 2 yéu tb trén sé thay déi theo yéu ciu thuc té.
Nhiém vu cta ching ta 13 xac dinh 13 sb tram va khoang cach giita ching sao cho phi hop nhéit véi
thuc té, cu thé 1a quing dudng hanh khach mudn di va thoi gian ding tai mdi chuyén. Sau d6, nhiéu
kha ning viéc phan phbi sb xe dua theo 2 hudng trén sé tét hon va tiét kiém chi phi hon.

Input :

o l,; 13 quing dudng trung binh ma cac hanh khach di trén ca tuyén (km)
o t,: thoi gian binh quan diing tai mdi diém (pht)
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Output :khoang cach tbi wu giita cac tram. Khi d6

[ = Vb-lhk~t0
o 30

oty : thoi gian di bo tu diém xut phat (O) t6i tram .
o t.q:thoi gian cho xe buyt trung binh.

o t,: thoi gian di chuyén trén phuong tién.

o tp, : thdi gian ti tram xudng t6i diém cin t6i.

o [,: quang duong di bo .

o [,: quang duong di bo dén tuyén giao thong.

o l;: quang dudng di bo doc theo tuyén giao thong dén diém ding (db).
o §: Mat do giao thong.

o F: dién tich thanh phé.

o Ly,: chiéu dai mang luéi giao théng.

o I: khoang cach chay xe trén hanh trinh (phat).

o v,: tbc do binh quén cta xe.

Chitng minh Ta goi:

Khi d6 ham thoi gian ta cin tbi vu 14
T := tbl + tcd + tpt + tbz'
Xét gia thiét mat do giao thong dong déu thi t, =t =t,.Khidé
T = 2tb + tcd + tpt‘

601 [, +14).60 A A tia 1A e s 1A
b= Char) , va theo nghién citu, ta c6 cac moi lién hé gitra cac bien

Mat khac ta tinh dugc t;, =

Vb Vb
nhu sau:
1 Ly L I
l,=—,0=—,l;=—,t.g=—,
t 35 F d cd
60.1 l
pt = hk*‘(ﬁ_l) to
Vr lo

Khi d6, thay tét ca cac bién vao, ta dudc

0 30l, 60. l
=20 3%, hk+(h"—1).t0

o.vy v vy Iy
, 30 Iyt
T'(l) = = — 524
Vp lO
Lt
T/(lo) =0 lO = Vb::%

Viy ta c6 diéu phai ching minh.

Do d6, khi ta c6 mét tuyén xe buyt cb dinh, ta c6 thé diéu chinh khoang cach gifta cac tram sao cho
thoi gian di chuyén cta hanh khach dén tram xe 13 it nhét. Khi sb tram va vi tri cia ching da dugdc
diéu chinh, ta c6 thé ting thém d6 hiéu qua cta cac huéng phan phéi xe.
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4 So sanh va ap dung thuc té mé hinh

Hudng 1: So sanh v6i mé hinh thuc té & quan 1.
Ta c6 bang sau:

Tuyén i | S6 tram a; + 1 Khodng céch trung binh Nhu ciu N;
T b gitta hai tram(km) !
2 38 0,372 366
28 65 0,405 516
30 59 0,590 623
109 22 0,451 65
149 47 0,489 256
152 38 0,420 420

Theo nghién ctiu thuc té, van tée trung binh xe buyt di chuyén trong thanh phd 14 18,6 km/h. Khi dé
mdi ngudi trong 6 tuyén trén c6 thsi gian chd trung binh 13 10 phit, kha tuong ddng so véi thuc té &
cac tram trén.
Hudng 2:

$2416 T S2429 T 52435 + S2447 < 16

165916 + 2959,00 + 475,47 + 3555,35 = 366

Ta can t6i uu ham

1,1953.16 + 0, 9352,09 + 2, 4153,47 + 0,9552,35
Chay Matlab [3], ta sé dugc

S2416 = 0,82,00 = 3,82,35 = 058,47 = 8

Hudng 3: Ta xét van tbc di bo trung binh 14 4 km/h.

Tuyén bo fiéi clia | Chiéu dai trung binh | Thaigian | Khodng cécl} trung | Khoang cach

tuyén(km) | di trén chuyéen (km) | dung ( phut) | binh thuc té(km) | tinh toan(km)
2 13,75 6 0,8 0,81 0,8
28 25,9 11,2 0,7 1,2 1,02
30 34,2 23 0,5 1,27 1,23
109 9,48 3,9 1 0,7 0,72
149 22,5 8,3 0,5 0,7 0,74
152 15,5 10,4 0,5 0,86 0,83
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O mé hinh 3 khi so sanh véi thuc té thi cac sb kha khit v6i nhau, tuy nhién khi xét & thuc té thi khoang
cach giita cac tram c6 thé khong déu, do d6 ta ¢6 thé phan tram sao cho nhu ciu dudc tbi uu nhét (c6
nghia 13 chd ndo 6 nhiéu ngudi cAn thi minh sé 1ap tram gin chd d6). Tuy nhién van sé phai dua trén
khoang céch tbi wu.

Nhan xét wu, khuyét diém ctia 3 mé hinh:

o Mb hinh tht nhit: DAu tién, nhém d4 giam thifu tbi da thoi gian chd xe buyt théng qua viéc phan
bb sb xe hop ly. Viéc phai chd xe quéa l4u chic chin 13 mot bét tién cho hanh khach va dan dan
ho sé tranh viéc di xe buyt. Vi vay, riit ngan thoi gian chd ctia hanh khach 1a mot uu diém 16n ctia
md hinh. Ngoai ra, do sb xe buyt bi gi6i han, ta chic chin sé tiét kiém duge nhiéu chi phi cho viéc
vén chuyén, ching han nhu tién xing va tién luong cho nhan vién. Tuy nhién, né c¢6 mét sb nhugc
diém cin néu ra. Thuc t&, nhu ciu di lai thay déi theo thdi gian va vi tri nén néu st dung tit ca
s6 xe dugc phan bd, ta cé thé gip phai trudng hop khong du xe hoidc du xe. Khi d6, ta cAn c6 mot
cach diéu xe d€ b8 trg cho mé hinh nay d€ ning cao hiéu qua. Mot khuyét diém can dua ra nita 13
md hinh nay khéng hoan toan d4p tng dudc nhu ciu st dung xe buyt cia ngudi dn.

o Mb hinh thit hai: 3 mé hinh nay, nhém da dap ting tit cd nhu ciu di lai trén cac chuyén. bong
thoi, chi phi danh ra cho viéc mua xe 1a nhé nhit va gitt cho sé luong xe tdng cong khong qua
gi6i han clia bén bai nén ta da giai quyét dudc 3 yéu td quan trong. Tuy vy, cach dit md hinh nay
c6 mét han ché. N6 hoat dong tét trong diéu kién giao thong ly tudng nhung nhiéu kha ning gip
truc tric néu sb lugt khach 13 qua 16n trong gié cao diém. Xe 30 chd sé khé ma cung cip du chd
ngdi cho hanh khach nén can cé cach 14p lich trinh hoat dong cta tiing loai xe trong tuyén dé€ gidm
thiéu kha ning xay ra tinh trang trén.

o Mb hinh tht ba: M6 hinh nay khéong giai quyét truc tiép bai todn phan phbi sb xe nhung dé 13 mét
tién dé quan trong khi dd x4c dinh lai vi tri cAc tram. Trong bai toan nay, nhém c6 xét dén nhu cau
clia ngudi dan & cac dia diém khac nhau, do dé phuong 4n nay sé giam thiéu thoi gian di chuyén
ctia hanh khéach dén c4c tram diing. Du vay, c6 mét sb trudng hop nhu ciu chi cao  mét sb khu
vuc, khi d6 can phén bb nhiéu tram hon & khu vuc nay.

o Tém lai, mbi mé hinh c6 nhiing wu va khuyét diém riéng. M6 hinh 1 va 2 ¢6 thé b8 tro cho nhau
tao thanh mét mé hinh méi hoan chinh hon. Trong khi d6, mé hinh 3 sé dat hiéu qua tbi da khi
ching ta xay dung dudc mé hinh thod mén vé chi phi vén tai.
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5 Loicam on

Chiing t6i xin chan thanh cadm on Ban t6 chitc PIMA 2017 di tao diéu kién thuén 16i nhét cho tit ca
cac trai sinh di c6 dude mot trai hé toan bé ich va day hting thi. Nhém khéng nhiing hoc thém dudce
nhitng kién thitc méi, ma con tiép thu dude nhiing ki ning khac nhu 14p trinh, 1am viéc nhém ciing
nhu cach chudn bi va trinh bay mét du 4n 16n, 13 nhitng diéu it dudc gidng day trong trudng hoc. Qua
thanh c6ng cla trai trong 2 nim gin nhAt, chiing t6i thuc su hy vong ring Ban t& chiic sé tiép tuc viing
budce trén con dudng truyén Iita nhiét huyét va dam mé toan hoc cho cac ban hoc sinh trén ca nuéc.
Ching t6i luén mong mudn rang PIMA sé con dudc t6 chtic 8 quy mé 16n hon véi chit lugng tot hon
trong tuong lai.

Chiing t6i cfing xin cam on dén nhitng anh chi trong Ban t& chitc, nhiing thiy c6, nhitng ngudi da gitp
dd nhém hoan thanh du 4n. Dic biét, nhém mudn danh 16i cdm on siu sdc nhit cho anh Phan Minh
Hoang, chi Phan Ngoc Tién, anh Vii L& Thé Anh, anh Hoang Vin Thién. Anh chi di theo déi st sao va
dua ra nhitng huéng dan tin tinh, gitp nhém c6 dudc két qua t6t nht.

Ngoai ra, nhém ciing xin gui 16i cAm on chan thanh dén anh Lé Phic L, anh Huynh Phuéc Trudng va
anh Nguyén Tran Hitu Thinh da déng gép v kién dé bai bao céo nay dudc tbt hon.
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6 Tailiéu tham khao

o http://buyttphcm.com.vn/

o https://buytmap.vn/

o http://luanvan.net.vn/luan-van/de-tai-nghien-cuu-khao-sat-va-danh-gia-hien-trang-xe-buyt-dang-
su-dung-21675/

o http://www.vatgia.com/5052/xe-khach.html

o http://lotrinh.vn

o Optimizing Bus Schedules to Minimize Waiting Time; Steven Kornfeld, Wei Ma and Andrew
Resnikof.

o Optimal allocation of vehicles to bus routes using automatically collected data and simulation
modelling ; Gabriel E. Sanchez-Martinez, Haris N. Koutsopoulos and Nigel H.M. Wilson.

o Optimization of Bus Route Planning in Urban Computer Networks; Steven I-Jy Chien, Branislav V.
Dimitrijevic and Lazar N. Spasovic.

o Bus Network Design Using Genetic Algorithm; Hadi Sadrsadat.

o Bus Route Optimization in Wuhan, China ; Zhang Ning.
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7 Phuluc

Code Python cho vi du va két qua clia huéng 1

File Edit kages Help
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Sau day la code Matlab & vi du clia huéng 2, ta c6 thé 1am tuong tu cho truong hop téng quat

[# Editor - C:\Users\NaruBibi\Documents\MATLAB\Huong1.m =
Huongl.m + |

- numBuses = input(’

. need = input(

- £=[1.19; 0.9

- inctcon = (1, 2, 3,

Bo=[L, 1, 1 1

-16, -29, -47, -351; I
- b = [numBuses; -need];
= % = intlinprog(f, inteon, A, b, [1, [1, zeros(4), Infion=a(4))

@ e G L e
I

New to MATLAB? See resources for Getting Started.

INCIINPIUY STUPPed ot Cie [UUL NUde DeCHUNe LI UL [eCCIve Value IS WILIIN & Yap CULerm UL LhE UPLINAL VaIue;

options.AbsoluteGapTolezance = 0 (the default value). The intcon variables are integer within tolerance,

options.IntegerTolerance = le-05 (the default wvalue).
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