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ABSTRACT

Chiang Rai has a high usage of private vehicles, which causes traffic jam in the city areas
such as schools and business places. This problem brings about impacts on fuel consumption and
the environment. Public transport is an alternative way to solve the traffic jam problem. It

requires well-designed systems such as routing network and bus scheduling.

This study investigated the problems of public transport routing and scheduling using
mathematical models. There are three objectives to this study: 1) to design public transport
routing and scheduling model using mathematical models, 2) to design public bus routing in
Chiang Rai in order to minimize fuel consumption and 3) to scheduling public bus routing in

order to minimize the number of the buses used.

This study used graph theory and integer programming to formulate the problems. The
evaluation of public transport routing and scheduling model was done by the Branch and Cut

method. The results could be summarized as follows:

There were two models for public transport routing. The first model was to improve the
two routes for public transport in order to minimize fuel consumption and avoid the overlap bus

routing. The two routes to be improved were the old Bus Terminal-Rajabhat University and the
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old Bus Terminal-Ban Sansai. It was found that the improvement of public transport routing can
reduce fuel consumption 98 milliliters (3.3%) each round. The second model was to design an
additional route to cover all the transport needs in the city form the new bus terminal to the airport
via the old bus terminal to minimize the fuel consumption. It was found the three routes form the
two models covered all the targeted places including hospitals, schools, government offices, and

bus terminals, which attracted 65% of the traffic in Chiang Rai Municipal.

The public transport scheduling model was applied to determine the minimum number of
buses required two cases: 1) the public transport scheduling from frequency requirement and 2)
the public transport scheduling by managing the turnover of buses used for services. As the
results, for the first route, the old bus terminal — Rajabhat University, five buses were needed for
service in case 1 and four buses in case 2. It was found that the efficiency of the services
increased from 57% to 71%. For the second route, old bus terminal — Ban Sansai, It was found
that three buses were needed in case 1 and two buses in case 2. The efficiency of the services
increased form 41% to 62%. Therefore, it was suggested that the public transport scheduling by

managing the turnover of the buses used for service could reduce the number of the buses used.

Keyword: Mathematical Model / Chiang Rai Public Transport / Public Transport Routing and

Scheduling.
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loop end

4

Loop route

Branch B

Branches Loops

some vehicles turn around at
the short turn terminal

G —

Terminal Short turn Long ling
terminal terminal

Short turn

10 Transportation Research Board. (1998). Transit scheduling: Basic and advanced
manuals. Retrieved May 13, 2010, from http://onlinepubs.trb.org/onlinepubs/tcrp/

terp_rpt_30-a.pdf
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910 Grey, G.E. & Hotel, L.A., (1992). Public transportation. NJ: Prentice-Hall.
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910 Grey, G.E. & Hotel, L.A., (1992). Public transportation. NJ: Prentice-Hall.

MNN 2.8 TasaiiessuvvuaIasIsaejluuusan



21

sUsuufi 3 Taseieguusadiled (Radial crisscross network) Tagauiegiuny

t Yy oy A A

tazilszneu lMeadumalununsealineeonaingrulanaraies lddsnunsevuen Tasl

a

o oA v 2 Yo o Ao G A R o q UYL
ANHUSIAU AD Lﬁu%’lﬁ!ﬂa’]uﬂgqﬂl?ﬁﬂﬂuyaﬂymglﬂ‘l'!ﬂiﬂ C]f\?ﬂ’lﬁl,ﬁulﬂﬂ\‘lgﬂllﬂﬂﬂﬁﬂllag

hO)

[ [ I g’/ a o a

dumesal ldnwdow q Al uazitlumswaunaudodng 2 glunune jluuuniavziildin
A A A 9 o A Y a A A A

anwasouaguitud Tuvaziidunialununsadivz usmsauaninlenaradesgiiunseu

uon (Aaaaaluninm 2.9)

,——( Line 1
CcBD

)
)|

910 Grey, G.E. & Hotel, L.A., (1992). Public transportation. NJ: Prentice-Hall.
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10 Chimani, M. (2008). Vehicle routing. Retrieved May 13, 2010, from http://Is11-

www.cs.uni-dortmund.de/people/chimani/VehicleRouting/
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Ty —Tjs

'
A o '

@ I @ o A v = @
auls a, WuamdsnavaurmInIIuIUs N INIFD 1N kﬂ’lf]ﬁl,uma’] a, (WU N

aA

2 Y =X o A 9 = S [ 1 Y a
NAUTUAUDIIN a,) IﬂEJ%11!'31‘!'5?)1/]L"ll1Gluﬁﬂ'lu@’E]\‘lllﬂ1ul,3JLﬂuﬂ'lﬂ'J13Jﬂ‘l/]Gl1’i‘1JiﬂT§ Kk+1,j
A @ A A M 9 o o o Y1
130 (a, < Kipry) (@uaasluaunmsii 2.10) uaziiiosan i ldmuuamdigaaes a, i lian

Ay ! =2 Y A o ! a ¥ o =
U a, D1VUATUDYNIT 0 "l]\W]ENlIﬂ1TL]§'°]JﬂWIﬂEJ‘H1ﬂ1q3§fﬂﬂﬂﬂi\1 autaadluaumsa (2.8)

Ay v 1 o Y A A AA
L‘Wﬂﬂﬂﬁﬂuﬂﬁ]TL!’J‘L!im/]Hﬂ’ﬁﬂ1umuaﬂﬂiﬁ]ﬂimﬂﬂ1 (a, < a;)

T, —(Tiey + tesss
a, = min {Kk+1,j’ [ - (71]—1T k+1,]) Kk_,_l’j“} (210)
J J=1

AUVVBININA 2.12 AIuvoIandl k 113093 U18ITNMIATIVTDUTIUIUT 0NN

N Y = [ @ v @ 4 = = [ A
nluanilla 6 n3al (Faasduavludaydnyel ¥¥) TaslineazBeasaaasluniwi 2.13
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Al ° o 1] 1l d
MU 2.13 mamurasusandanluaoil £ nsanduly1d 6 nsal)

Mviual¥

Zj = Tj + iy (2.11)
Zi_y =Tj_q + tgsqj (2.12)
Xj = Kira s (2.13)

UNUAT 7, z;_, 1A x; (AIuaA luaunsn 2.11 -2.13) Tuaunish (2.8) - (2.10) (A%

uana luaumsi (2.14) - (2.16)

A,; = max{0,(a, — a;)} (2.14)
Ty — 2z
a, = max 0,[—1_1 ]_lx-l} (2.15)
1 { Zj — Zj_4 /
)
a, =minyx;, |——Xx; (2.16)
’ { ! [Zj—zf—l '
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dd‘ 1 d‘ (= Y a = Y a [ d'
p3aifl 1 Fanafasvae lulisaliusms @saldusmsndumnasvaen) [T, < z_,);

MNA 2.14 D3N 1 9rananasaen lidsaldusms Gsaliusmindaanasiaaen)

A a391n g (Zhu, 1991)

v H v Y
1INANA 2.13 agnni 2.14-2.19 ansneiutedoyaiuanasae 1l
<3| ' A 9 o A Y =
T_; — T, Wug19naMdeamnsaaeusiuiuse lagasiwnn luaai
A o o, Y
melunamuue T,_, — T, laemuualva 7, < T;

< ' A 9 a o Y1
7, — z; Wusrnandsa lagasasisae lums musms Tagmuualva
Zio1 = Z;

A Y
a, =0 WO T, <z, WIAT_, —7_, <0;

Y v
MnaumMsnane 11 max {0, [%x,]} flo Argegaves 0 AL MNdesnd

jTEj-1
[ gll o A
0 A9UU ANOLAD a, = 0;

A ”]'l Y
az S 0 Lu@\ﬁ]'lﬂ TL S Zj—l %w ﬂ TL _Zj—l S 0;

[ ZIJ - TL-—z]-_1
ANUU min x;, [——x;
Zj_zj—l
Y a

1 :; dld' a A v 1 d‘ Y 1
AMMgaveInnuan Tus M luianie j wse x; Al Aridesndi o
wlfa, <0;
o d‘ = =\ v a A
Susonndagatl £ lusienal i Hie
Ay = max{0,(a, — a,)}
= 9INAUMS max{0, (0 — 0)} AMFIgAYD 0 ALANToENI 0 92 Iamaow
A =0;
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dd' = Y a ] A
n3ti 2 Usalnusmslurisaniaseaey [T, <z_, <T,|uag [z < T];

Zj— I—I4I—| Z;
Ty I I T;

d' A 1 A S Y a 1 @ A A Y a
M 2.15 N3N 2 Frnanasdeulsa MU MIMmnuauD (xj) nlwusms

aau1lasnn @ (Zhu, 1991)

a, = 0; (Aaadlunsain 1)

v
a, =x; MNVAUMI T; = z;; NUU T, — 754 =7 — zj_y;

. Ti—zj—1
=min x]', x]' = x]'
Zj_zj—l

° a4 = a 1 LA
IUIUTONNDIADU £ TUBII § 130 A, = max{0, (a, — a,)}
Ay = max{O, (x,- — 0)} = X;

dd' 1 d' = Y a = Y Aa 1 d'
p3aifl 3 Frnaiasvden lulisalMusms@saliusmsnounaiasvden) [z < T,_,];

MNA 2.16 N3N 3 Franaiasaou idsaliusms @Gsaliusminounainaslaaon)

A as9n g (Zhu, 1991)

a, = x; 1103910
Y
Ty > 292 19
Tioi =24 22—2;4;

(2 g’; Ti_1—Zi_ 1
AU a, = max {0, [— L2 lxj]}ﬂzﬁm a = x;;
Z]'—Zj_l

a, = x; (AWAAluNIAN 2)

o A = a ' A
MUIUIDNVIONTDIU &k ‘IHGH'JQL’JZ‘]”I i N30 4, = max{O, (x]- - x]-)} =0;
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NIUN 4 mﬂﬂwmmiGl,uﬁmmmuawamammna@u

[Ty <z, < T W02 [z > T,];

Y d‘ 1 { =~ a 1 % Ti—zi_
MNA 2.17 D3NN 4 Frnanasaoudsaldusmsmin [ﬁxl

7 J
Zj—Zj_q

AnL1/ad91n o (Zhu, 1991)

o ad
a, = 0; (Aauaaslunsain 1)
_ [Tizj=a ]
a, = |——x;|;
2 [Zj‘zj—l J

A v
1WeaNIN Ty < 255 9 IR Ty — 2, < 7j— 745

v 3 Ti-z;_ v Ti—z;_
AAUY AT a, = min {xj,L‘ 4 1le} wlda, = [ﬁxj]

iZj-1 Zj=zjq

o d‘ = =\ 1 . A
UIUTDNUIOITDIU & Elu“lfﬁ\‘]na’] 1 N0
T, —z;_ T, —z;_
Z; _Zj—l Zj _Zj—l

J
qq‘ =3 Y a 1 [ ~ = Y a 1 ~
A5aiN 5 UsolnuImslugeneunaInasIvaeutaz 5o lvusms Iuranainaslvaey

[Zj—l < Ti—l] LLag [Ti—l < Z]' < Tl],

:5 A 1 ~ ~ Y a ] @ Zj_Ti—l
M 2.18 N3N 5 Franafiasaevisa lvusmsminy l—xJ

Zj—Zj_1

AL a3a91n 9 (Zhu, 1991)
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Ti-1-%j—
a; = [ij] < X5
Zj=zj_q

A v
118391 Ty, < z; 9214

Ti—l - Zj—l S Zj - Zj—l

Tioy— 24
a; =max10, S P
zZ; — Z; J

j T 4j-1

|Ti-1 — 2
a = |[————x;

Zj - Zj—l

a, = x;; (Aanaaalunsdin 2)

o d‘ = =\ 1 . A
AMUIUTDNUIDITDIU £ ”lusmmm 11190
T 1—z;_ z; —T;_
= mafo - [Tz D[
Zj—Zj_4 Zj — Zj_4

aa = Y a Y a ' ' ¥ Y a
n3ai 6 Usalnusmslnuimsluaeneuuasnasna lvusms [z_, < T._,|uaz [T; < z;];

MW 2.19 0380 6 Trnanasrvdenlisn IFUT MmNy [Ti_zf‘lxj] - [T"fl_zf‘lxj]

Zj_zj—l

Anaa91n g (Zhu, 1991)

a, = [ij]; (eaaaslunsain 5)
Z]'—Z]'_l

a, = [ij]; (aaadlunsian 4)
Z]'—Z]'_1

o d‘ = = 1 . A

AMUIUTDNUIDITDIU £ “lusmmm i Y190 Ay; = max{0, (a, —a,)}
T, —z;_ Ti_1—z;_

Akizmax{o,([ - ] 1le—[ ol ] 1ij}
Zj— Zj_4 Zj— Zj_4

ya o Y v Y Aq Y =
NTAUNITUDY b (Zhu, 1991) Ej’Ji]EJGl?iﬂ’)ﬁJﬁuiﬁ]ﬂUﬂﬁﬁiNﬁMﬂTﬂﬂGl“lfﬂﬁ“riig.unﬂuiﬂ

Y ' ~ 4 a a Jd A 4 Y o 1%
moludune aomnudl we. 2548 mayarinses Yoz 'lus nagd Tsau digsmuun ldimanms
a o 3 . o o { a 1
uMI W UFIT 1A (Integer Programming, IP) Tumsmvuas o lumsausa lundag

Faana1 elsuljsnanmmsldusmsdusolasasdszimn uagvimanounnuINMs
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Tusmagega Taelintmsmuuaanud lums@usaldianuduiusnuanudesma@use
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a9 a A 9 A o 1

9 9 v
vouf Inga1s Tuaswiulidoauuagiudedu fie S1urusalasasiiioglundaziduniad
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Y ] YA dy = Aq Y = A
ﬂlﬂ;luwaﬂ@ulﬂuwaﬁlﬁNW@@]@U!LWH@JQ"UH T@ﬂmgﬂuunf’uamumﬁnGl“]falumiﬁﬂ‘bnﬂa

2

n
Maximize z = " " (Ry o = 0yy,;) = (a-+ bNp) (2.17)
j=1i=1
Taelis1eazioenvo91Aa (Subject to) Aaaadluaumsi 2.18 -2.23
FasAnnNNaMs 1HUTMT (Frequency Required)
fij = Ny (2.18)

Yo91nAM3 1 UTMT (Feet Size Required)

20 L T
N, > ZZDBU (2.19)

j=1i=1
DBI"]' == f;'] e (SBi—l,j + ABBlJ + ABAL]) (220)
SBi,j == DBi,j + ABBLJ + ABALJ +SBi—1,j i % ﬁ'] (221)
SBO']',ABAL]', ABAZJ',ABBIJ' = O (222)
ﬂlj, NB’DBi,j'SBi,j’ABAi,j' ABBL] E 1+ (2‘23)
) Y
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1 d‘ d‘
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o Ao & 9 Y A Y a a
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DB, SwnusaMEsunngunaniidunisvesmamunialusa T i iana
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44

ABA;; $1usnnesnnamHauNIeImsausoluda Tuad i — 29
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Wnaualeaunulumsiausanemed (0;,;) gualeiiuiumerngnmvualuudaz ¥ lua
o Y 9 ' 91 opinc A 1w v 9 o
(f,,) wazrinavaledaunuar lgnig ludninnumasdeu (o) saunuaunulumssaniso
~ 1 @ 1 1Y 9 o ~ Y 9
MATADAUADTY (b) AUABTIUIUIONABINMI 1T (V)
A I Y o w AY Y AA o A 1 A A
gumMsn 2.18 Wuaun15v09310a NAINIT IHANVANAIHUATAININNIIAINDN
] '
#0amM 319U o118 U (Feet size required)
A g Ay o AqQ Y a Vo ° 9 ~
aumsn 2.19 WuaumsnasamsaaduIusan1¥iusmsaedlu lagnivua v lunsal
°s°1 1 o AQIYY A1 Y G- ) Aq sldyd'd
mavis luseuas lusnusonlddealinntseninvsaminusuausan ldnouniini el
o d’ 9 9 1 Y d‘
myaauIusanaedly uazaaarlsnenazaivan luenna
A ° A A T Y A g a < ~
AUM3IN 2.20 IIUIUTNATUIINYPVIADIHAUNIIVDINTAUNI T ud Taad i
a ' P ° A A o 9 = A & ~
Aan1ej munsaniat laan Suwmersanmrualiesnsinaaii lusianie j luga Tueh ¢
Y o A Y Y a2 9 a < A ) a X Y]
aua2e (Tuausanaede Bnamfidunisvesmsiausaluyd Tued i — 1 Han19/ InAeY
o A a9 a o A a Y =X =
TIUIUTONOONIINFADIHAUNYDIMSAUTD IUFI TUIN | — 2 NAN1Gj — 1 1azi1DIa1uaY
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H 4 a a o
VINAUMIN 2.17 - 2.23 voIMaIUnsod Yoz Ins (2547) @rnsoeduisnuudians
MIIANIUAUTD TaeasaI51s e Idaedaiu Ao (1) druveananouunuaFaLaadluaIu

[ I o { v [ a
ﬂlﬂdﬁhﬂ1i’3§li}ﬂi$ﬁﬂﬂ (ﬂ\il&ﬁﬂdﬁluﬂllﬂ1i‘ﬁ 2.17) (2) FIUVDINITIAAITIUAUTD lABaS

2 = Y o w =} o = 1 ;l' ya o Y
FIFITUSHINUVDIINANITHYULIYUTD (ﬂﬂllﬁﬂﬁiuﬁhﬂWi‘lﬂ 2.18-2.23) 1umuuwnﬂ"l,ﬂ

U

Pl gegiuuumsdunaldeunsednnusiusondunianiilunaaz 53 Tus nag 18

o Y a = = ' 9 [ = A 1
mmmmiwmmauummwmgun&mgmmﬁumq ﬂ\illﬁﬂ\ii'l&lﬁ&f)ﬂﬂcluﬂﬂﬂ 3 Glf)ll‘ﬂ

2.8 Mmamuuas ey Ismsuntfam vazmsilszauawauvudiasy

' Y
LL'U‘]JFﬁ'IaENﬂ'IﬁFﬂﬂ!ﬁuﬂ?ﬂl!ﬂ%ﬂWﬁﬂﬂﬁ’li’NLﬂuiﬂiﬂUﬁ1§ﬁ1‘ﬁ1§ﬂ!3ﬁwwu1%u 61‘191}
° ° <3 Y A @ Aq Y v A A
NITUIUNITININHUAITUIUIAU Gl,um‘mﬂﬂmummmmﬂ ﬁﬁllﬂiﬂi%iuﬂ’liﬁﬂﬁuﬁlﬂmﬂﬂ
Y A v Aq Y o = Y a =2 o o
@uN (x,;,) wiedwlsnlymmuaniualumslvuins (£s,;,) soudedunlssiuiuse
Aq ¥ a = A £Y o A g ° 3 = °
ﬂiﬂﬂiﬂ?i%Wﬂﬁﬂ'lu (Depoti,j,p) Hagau 9 ﬁﬂﬁﬂTiﬂTﬁﬂUﬂ!ﬂuiﬂuﬂ]um&l BINTTINTUUA

o 3 . an I &
F1UIUAY (Integer Programming) (Yayary /3 eraan, 2553) Wutlyvimialudymiaunms

A Y A2 Y o o o

4 =2 g 1 tY 1 ° 3 !
L“lfﬂ!,ﬁumwmré)mﬂﬂm’JLL“]J':'G]NLﬂuﬂmmﬁm$ﬁ6ﬂ®g1u§ﬂmaﬂﬂ1uaulﬁn Iﬂﬂﬂ’]ﬁﬂ’]ﬂ’liﬂ\?q@

A 1. ) AY gy v s A A o o
Wi@ﬂ’]ﬂWﬁﬂm@QLﬂ1ﬂN1ﬂﬂﬂﬁqj ﬂ’lﬂﬁlﬁﬁﬂ13ﬂ1ﬁﬂ‘l‘ﬁi’E')N'E]uvléllﬂ']\?ﬂizﬂ’]i NITINTUUAITUIU

Q

Y
wuazalszneulidredrudseneundnaeae lii

' 7Y o 7 < s A 4 ' e
dauilansuingszasa (Objective function) Wuiandui Iienia1gega viond1ga

o s { s o 7 1 :
(Maximization or Minimization) teaiagilszasn@en Tunsal Alidansuingilszasdinnniiviie

Q

Y W 4 [ { o o { I o @ 4
dhnuedesdeniensuinglszasananndingngadowiuilsnduinglsyacn laoll

Q

o o o o ' 9 ' JY W LA 9 o
ﬂ'JHJﬁiJ‘WN‘ﬁalJfJ\WI'JLHJ?@QTHE‘]J‘U’E)Qﬁﬂﬂ']ilﬁuﬂiﬂ ﬁ'Jlllﬂ\‘lﬂG]fu’JﬁQﬂﬁgﬁ\iﬂﬂu 9 @]ﬂ\iﬂﬂllfﬂﬁ\?
I A v o [ A
HJUNﬂH"lGUUQﬂ‘U ﬂ\?ilﬁﬂ\?cluﬁllﬂ'ﬁ‘ﬂ (2.24)

Minimize or Maximize C'X (2.24)
J A v o . = A = =KX 9 o o 12
ﬁ'JUNE]‘L!ul"UlI\?ﬂ‘U (Constraints) ADFUNITHIODFAUNITNUAAIDIUDINNAUDI NTIWYINT

Y A A 1 = [ ] 4 % 1 A
AITUABDINIT wmmau"lﬂlmﬁ 9 Gllﬁ]\?ﬂﬂluﬂ'l IﬂEJNFI’J'IIJ?”JWU‘D‘“UEN@'JLUJﬁGHQ 9 Glumau"l"u

v v d o

Weruiudunse dwaasluaunmsin 2.25) SnuiunTesnune (<,= ) N52YVOVIUATDY
Y A

v

o Y A % [ é ] 3’;
19100 Imenlanesoulaountiaminiy

Subject to AX(<,=,>)b, x> 0; (2.25)
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1 @ v A .. . I 1 A =2 o o !
aruasaaaula (Decision variable) 1T UaIUNLAAIDIAINOVVDILVUI QDI
Y (% Y o g‘/ Y I o 3 = 1a .
Uszneudreaiudslathe wazarudsiudeuiluduiwan uaziin1 liAaay (non negative
H % H d 1 H H
value) 1089 ¢, 4 uag b (dauaadluaunisn 2.24 uag 2.25) 1 uA1AIN (Parameters) N 14210
{ o 1 I @ .. . { o
Yymiamvuadiu uag x Wluduls (Decision variable) NdoIMInfIao
aa v ° ° < A A Y 1 an 1 Aan A
Ismsundariinmsmruadivaman Neulslegnalsds 15U ITNsUANNILAE
1NAWA (Branch and bound) HagITNTIZTUIVAA (Cutting plane) «'fiqmﬁgmyﬂtymmiﬁmuﬂ
o <3 H] as - o 9 A A 9 Aa 4 = Ao H] dy
MUIUWAVNG 2 IFUU A 1W150M1928U0 130 1% 1U5UNTUABUNIUADT NITANNIIVIATIN
A YA 2 2 = YA & ax 2 o o
@onlEIsmMIuannaaziiyIz IUAa B315ITNMINUFIUVOIITMTUANNILALTINALUA
] o Aad % = = [ ] dy
FWAATITIUAA TaelisieazBeadsas la)il
a A' o W a 4 A &I
IEMUANDINAZSNAUA (Branch and bound) (N5 DUNTNY, 2548) ATNUg1UTY

v Y
A @ 1

msuntlyimsdaadulanuy lideiies iaseduuauuagiumsdunaii Aaouvesduls

v a ¥ Ao < a ) ¥ a a Y o A
ﬂﬁﬁﬂﬁuiﬂuuuﬁﬂym8L”IJMLLNL!Q‘JJLL‘]J‘]JG]“LJll‘JJTﬂﬂiJLLu’JﬂﬂﬂﬁﬁiNﬂTﬂlﬂﬂﬁ’JLL‘ﬂiﬂ@ﬂWi

A A ] Y ~ oA a3 Y ax Ao w as A
“wianiaee” Msurvereued nua liunnigamnizdu 1y 18 FFmshdnyueditmsuanng
o w A @ A ~ 1 5 o @ 1 Aa v J g
1Az INALYA ADNITAA 1Y UA 1150 158071 Pruning 1AgaziinisandIunlrnaansiduay
wyaueon 11 I5mMsuannitaziinaaaziimsda lvuaesn leg199115100 N3 10U U

A o o S Y o A o Y o A . .
TruanmaarzuanesnuIa1n Inualusz lidineunTaudaniaeu Iy (Infeasible solution)
[ I 1 o . { . E
3o hitianuilull1anez Iddmneunafnga (Optimal solution)
ax U . [ 45! =
5N IIZUIVAA (Cutting plane method) Wiai 11U U Taas 19 Tn135 (Ralph E. Gomory)

a o v

< a 2 Aq Y o v A a A g v ) A A 1
Lﬂu’iglﬂﬂﬂﬂ‘ﬁW%fLUﬂ'}ﬁﬂﬁ]ﬂ'ﬁiﬂaﬂUinmﬂlﬂuulﬂ“lﬂ"ll@\isllﬂﬂﬁlﬂﬂm@ﬁﬂiyﬁ”l NLIYNI

< A

f931AAU01 10113 (Gomory constraint) 1ae L1 1R wamasdurwdumanz Ngalaoull

]
o S v A

nanmsndidgae mslgvesinavestyruauni i ldnamasimuigaunganluily

9

) 3 Id Y o o 1 ~ Y o w o .
uuaududetinalvy Taeisented1naluiian Gomory’s fractional cut

S

mMsiszulrananuudIaes @1TOULITUABUNITHINIUYDILUUTIA0INITIA
9) [ a I g‘/ =\ = Y] dy [
NN MIIAAT AU D Taeasassae 1Ty 4 Yuaou laslisioazidonaall (AR
Tumwi 2.20)

Z’J d‘ o 9 o Y Ao Y Y 13 [ Y o

YUAIUN 1 ﬂmumay‘amwmmnﬁmaﬂﬂmmumammmmﬁumﬁuamﬂ
MIAUT0 lagesa1515Me (Vehicle Routing and Scheduling Problem) AILLANITI0AZI0A

1115199 3.1 3.3 - 3.4 uag 3.8 -3.10 MUAAY
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Tunouil 2 MYUALVUTIA0INMITAFUNIL LazTAA1T10ANIT0 IAsaITaNBITUE
g’z Sy W 4 Y o w o o a 4 .
nalansuIngiseaed uazvesinaveanuuiiass Tugluuudiaeaniendiamans Modeling
Y 9
Language a201¥n 181 GMPL (GNU MathProg Language)
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FR <FS < 2FR

ijp = ijp = i,j,p; V(L,]) € ROUTES, Vp € P,
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BuswithinHoury,; ;,, = 0;Vh € H,V(i,j) € ROUTES,Vp € 1..(h — 1); (3.20)
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o d' o d‘ 9 Y a =\ =\ [
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(3.23)
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o d‘ 9 o [ 9 o I d'
Nuausanneluad Tuenountn 1 92149 (Aduaadluaumsi 3.24)

BusinHoury ; j , = BuswithinHoury; j ., — BuswithinHour,_yy ; ; (p-1); (3.24)
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