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ogde AxE o171 A9 HFHE A8
A4A A 2HY3 AEHRCH[234] HA s
282 m¥ste W@ At FE FHIol
AFH gk f{F &% FE(analogical
reasoning))[4,5,7,20]1¢1 7I¥t& E #HF g%
2 & 3H(modeling by analogy)”} Liang Sl <3l
A7=A=16,18] © WAL AE, +£, 7IEF
T8 5AS ulH(mapping)dtdA  MEL
288 A% T8y 2Y FRY A0
279 d& vE&Ho|th Liange] AR,

oejgt F2e B4 o] olgmez
NP-completedt?] wWlge] A7Me @2no

AdAer AAHS Jxu AAvlgo]  w¢
vl J83 FRACE ujFe] Y& T TAY
ZAe AgFo=2 HHE 5 U7 NER
EAE AR 2¥o) vfq3st= A, Binbasioglus™
EZZAA 3= (process analogy) T &
AtstAe1]. ° WiHE FAAA A
FEAAM FUA He AAE T 2¥Y
FEo=Z 48 72zEEo2RE 2FY FXE
FARASA 431 2EELE AASG I8y g3
Zeo AFE JNE BHEEo EAE F A 7=
Aggle] AR 75 4 =F Yot g
A2 FEY gu|EFA FALTE B
NNERY T  RIEAEHERH 43S
gagE V13 ES AGEh okst QaraA
Fep7l JeEle AxAN 2 E4E
A= olgdt HIo dig do|FE 79
AEstd A8 277 0 FdE Yt

2.2 ®H3 2y =3 UNIK-OPT

2 d7dME ZdY(frame) EH2ZE LPY IP
E A% AAZ 2IFF{ AN ALYES
2} 9 38l= UNIK-OPT[9,12]E AH& %t} UNIK-OPT=
LP == IP 2¥L A%x7, BOTBlocks Of
Terms)?} 2 AAEZ W3} BOTH summation
sign, ¥4~ 281 AFE FhHe FE9 JEE
9 v ght}. Multi-depot vehicle routing
problem(M-VRP)[10]8] & FHOE <n|&3<
2¥e mdA g% FANZE HAFE DI
a7fgte. o] B AMSHE EJe S F
2t o wWiEE WA 5 m FA(depot)d] T v
abeEo] 4, 5, he i E Axo MQl {12, ... n,
n+l, ., ntm}; ke ZFFY A (1,2, L, v ) djj:
gk j2b olFAE; i isk jZb olFX2R2AZY g
WA id ¥, pe AF kS 5 e AF 49
Hd  ETEvbsAR; e AF kY A
TE7FEAIZE spp W el X e ARl AEHAIRE
g AFF kS Hd HEVbed shue] Aas)
WRAEY &5 Xjjk: 16, 7F A% k] B2 e
A1), Exs 0UIE By Ti EeARE i
8 732 ofzjs} Zrh

ntmn+myv
MinZ X X djXjk )

=1 j=1 k=1
AekzA.
ntmv
T IX;k=1 forj=1,2,...,n )]
=1 k=1iK .
n+tmyv
$  ZIXjk=1 fori=1,2,..,n 3
=l k=1
n+m n+m
L Xijhk-Z Xhjk=0
=1 J=1

forh=1,2,.,n,n+l,..ntm, k=12,.v “@
n+tm n+m
2 G  Xjjk<pk fork=1,2,..,v 5)
=1 =1
n+tmn+m
2 I tXjjksStk fork=1,2,...,v (6)
i=1 j=1
n+tm n
3 T Xjjks1 fork=1,2,...,v Y
i=n+1 j=1
ntm n
= z Xijksl fork=1,2,...,v ®
j=n+li=1
Y;—Yj + (mn)Xjjk < ntm-1 for 1<izj<n, I<ksv  (9)
Xijk=00r1 foralli, j, k (10)

M) ~ (10 gulgHl oS H¥dd o
<3 Zrh: (1)Y: total_traveling distance BOT; (2)2):
drop_in_constraint; (3)2]: drop_out _constraint; (4)2):
route_continuity_constraint; (5)24): vehicle_capacity_
constraint; (6)2): maximum_traveling time_constraint;
(7)2]: vehicle_start_constraint; (8)2): vehicle_arrival
constraint; (9)%]: subtour breaking_constraint; (10)2):
visit_variable.

(2% 2] 283 AAdolA~ =2

Decision Index free
variable attribate

UNIK-OPT+ LP T+ 1P tiste] [2¥ 2%
2 23t AYFxEe A8 zdgse,
Y FEE AFdt FEAQA @2 M-VRP
UNIK-OPTZ EJ3shd o534 22 9v|E3
Y 722 ZPA

o i

[Z# 3]1M-VRPS] UNIK-OPT ®B&
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{{M-VRP
IS-A : IP_MODEL
DIRECTION : min
OBJECTIVE : total_traveling_distance_BOT 3 (1)

CONSTRAINT : drop_in_constraint 3 (2)
drop_out_constraint ;(3)
route_continuity_constraint 3 (4)
vehicle_capacity_constraint 3 (5)
maximum_traveling_time_constraint 5 (6)
vehicle_start_constraint ; (D
vehicle_arrival_constraint ;(8)
subtour_breaking_constraint ;9 1}

{{drop_in_constraint 3 (2)

IS-A : CONSTRAINT

OPERATOR : EQ

LHS : (+drop_in_BOT)

RHS : (+one_BOT)

UNIT_INDEX: (in_index LE n) }

{{visit_variable 4
(10)
IS-A : VARIABLE

SYMBOL : X
LINKED_INDEX : out_index in_index
TYPE:
binary 1

M-VRP| IF-THEN Al¢Zxx1E& F713] &4t
if Xjjk 2 1 then Tj + tj; < Tj
fori=1,2,...n,j=12,....n, k=1,2,..,v (1)

[Z¥ 4]1IF-THEN dAtzt9) AHd 29

{{M-VRP
IS-A : IP_MODEL
DIRECTION : min
OBJECTIVE : total_traveling_distance BOT
CONSTRAINT :

IF-THEN(visit_constraint,
between_ routes_and_schedule_constraint)

compatibility_requirement_

;(1-1) 3}

{{visit_constraint
(11-2)
IS-A : CONSTRAINT
OPERATOR : GT
LHS : (+visit BOT)
RHS : (+zero_BOT)
UNIT_INDEX: (out_index 1 n) (in_index 1 n)
(vehicle_index 1 v) 1
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gttt EAS AR E R AAAYR) £34 dRew
T E Atk EYPBAAAE HAH3 dojHERR
H 4% ZALTERY BEXZTgL Adss
ERFAER, FAHS REAEE =58 13
AR AR}, @A 2R %5{5_%2 3733
ER2YPPGa, EA AE XML FH 2 HAR]
2 tﬂ@rfs}@l oA HAH3 EEto]YdE ofo]HE]
A 85 dAAREA, 28a guEFA 7
3y %—%L A2 2] IP Solver?} olald 4 Y= S
st3ql m¥Pog WEIE UNIK-OPTZF Ut &

A Fol A= IP solver® LINDOE o] £3}%ith
. A5EYE AqEY
41 712289 14
7]1U53(Base model)°] *]‘5} TAE &

= 2YAIEY FE THLEE oFolAm,
DA dew wae snad. dF S
M-VRP 20| 7|ERgolr, wgAz Aotz
S 7t M-VRP BH FAREARIS dge
.

4.2 Y309l

233} 2 9(Modeling factor)2 7] 2R3 ¥
3 7] 8 23 2 Q) (Base model factor)¥}, 2 X2 & 3}
o AL nAE= ZY+A QA Model modlﬁcatlon
facton 2 FAHo Qo B AL &
Yol wet 27 e TSP A2 7]%5’_
Pagle] o&EFHor} 7ERF ooz HlHA
Faq, AdAEe 5 HH3E 2y FopEz ¥
F 7Fsstth <3 1>2 71ERY eUdF el u)
FAG g didES Yehd dojx, <® 2>&
ZIERE e °]94 gte]l multi_depot_vehicle routing(bI{

21 | latest_delivery_ el WEo]  3FHEd
time_window(mg) 713 =& A7k
service_time(m3y) o el MulA (&)

Az
penalty_of tardy_starti | z}eko] w}E o} & 713
ng_service_time(mg) =2 Al 7r A TE o

- EXE wo ¥y
penalty of tardy_routi | z}sfo] ZH=ZAtelr A
ng_duration(mg) 3L AL AAHY

EERE

4.3 X3 ¥+ AHO

B dPorE= UNIK-OPTOA RE B & 95|
AAE HA3EEY F3Ao(OMML, Optimization
Model Modification Language)[13]E 271§t} OMML
< [29 219 2FE3 Ayujo] A FZoA 9 ol
28E& FAse E/ES, A3 o aﬁl*é} 211
ekx7, BOT, AALRE, Al AMEAHS, Al T
9 AAGHE BYE FAINE HWHRA,
INSERT, REMOVE, 1#|1 UPDATE®eo] it}
UPDATE REMOVE$®} INSERTS Aoz 4
o] 7F53t7] W&ol <E 3>olrs FE Zo] AL
2 OMMLE HAI8H7| 2 3t}

<X 3>OMMLY] o
1 INSERT_BOT_OM(sign BOT_name)
1 REMOVE_BOT_OM(BOT_name)
15 INSERT_CONSTRAINT_M(Constraint_name)
1, REMOVE_CONSTRAINT_M(Constraint_name)
INSERT_IF_THEN_CONSTRAINT M
15 (Premise_constraint_name,
Consequence_constraint_name)
REMOVE_IF_THEN_CONSTRAINT_M
Is (Premise_constraint_name,
Consequence_constraint_name)
INSERT_BOT_LC(Constraint_name, Sign,

d o THEFLHaAT gAJAe EA ]l 1, BOT name)
et 24 °1 ‘4- I, | REMOVE_BOT LC(Constraint_name, BOT_name)
1 INSERT BOT_RC(Constraint_name, Sign,
<¥E 1> 71258 a9 et ° | BOT_name)
9l oot R 1, | REMOVE_BOT_RC(Constraint_name, BOT name)
multi_depot_vehicle_ M-VRP &3 1, INSERT_INDEX_C(Constraint_name, Index_name,
W% routing(b]) Lower_bound, Upper_bound) .
A2 multi_depot_pickup_ M-PDP 238 1;; | REMOVE_INDEX_C(Constraint_name, Index_name)
| and_delivery(b)) 1, INSERT_INDEX B(BOT_name, Index_name,
transportation(b3) Transportation % 3] Lower_bound, Upper_bound)

24 e ik

maximum_traveling _ o] &F75 AT
time_not_required(m]) | gt Az 2Aba)

Maximum_traveling_di | 282 Hul 471542

e stance(my)

A Maximum_number_of_ | ek} AR5 7} 3
visiting_points(m3) H oo 35
fixed_cost_of utilizing | x}-gk L3e Bk
_vehicles(my) TR L.

w2b | earliest_delivery time_ | x}3k 2] Hh5 o] EER]
= | window(ms) 7}3 WE A7

1, | REMOVE INDEX_B(BOT_name, Index_name)

B] I : M(model), I(index), OM(objective function of model),
LC(left hand side of constraint), RC(right hand side of
constraint), C(constraint), B(BOT)

INSERT A B AE Bell Z7}5tH,
REMOVE_A B BEYE AE A 7158
ZFA 2 itk INSERTA &= #AE A A7 £
32 o AFoFE FIgH(AREFIT 43).
F7te ool & AA L oju] EAjedE FHH F
7t A= dEeEthEFESFMEA d8). #@9,
REMOVEA #JE AAAZE o} 2AsHA He
dlatAlda), g AATE A gled AR
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3tA] e 2bAZA] da)).
4.4 DYSBUE

5.3 3}% F (action for model formulation) A & g
Z71E%0] & 2YPoE FAYE JRE /A
2 Ao tH5& M-VRP 7|2E¥ F$, 2y
Aodel o3 A4HE= 2YPRFFY WEH &
$HQ AL e Zol)
*aj:Remove_maximum_traveling_time_constraint

EPo2RY 64 AART mel
OEEEY
¢a):Insert_maximum_traveling_distance constraint

230 (124¢ F7Hth mel 98l Q49

n+m n+m

i2=1 j2=1 dijXjjk<lk fork=1,2,...,v (12)
®a3:Insert_maximum_number_of visiting_points_constra
int

23 13)42 Frtech. myel 93] Q€

n n

'2—1 i(,'ijuk fork=1,2,...,v (13)
®a4:Insert_fixed cost_of utilizing vehicle BOT

ERGeol (19HE FAhdTh mgel 9
A4 gk,

ntmn v

T T ZfiXjk (14)

i=l j=1k=1
®as:Insert_earliest delivery_time_window_constraints

2ge) (15) ~ (1NAE F7hdch msl 3
g aggol @D @ uls} gk

et;Start<Ty Start for j=n+1, ..., n+m, k=12, ... ,v (15)

[
—.

etisTjfori=1,2, ... ,n (16)
etjarmvaleT karmival for j=n+1, ..., n+m,
k=1,2,... v amn

®ag:Insert_latest_delivery_time window constraints
28 (18) ~ 20)2& F7sch mgol sl

49tk agel M99 W on)7} giok
TigStart<igstart for i=n+1, ...,n+m, k=12, ... v (18)

Tisltj for i=1,2, ... ,n 19
Tikarivalgitarrival for i=n+1, ... ,n+m,
k=1,2,...,v (20

2a7: Insert_service_time_coefficient

Efel o4 ZAEF9d  AZRELHS)
@enAE F7tgth myol g3 4"k apgol
Mg o owz} Qloh

5§ 21
¢ag:Inert_penalty of tardy_starting_service time BOT

ZHPRo] )N F/Heh mgel 9a)
ANt ago] AAE o =7} Aot

n+m

% a(Tj-1t) (22)

i=1

ac g Yrgoh
®ag:Insert_penalty_of_tardy_routing_duration BOT

2YF5 )AL 248 mel 3
LA et ag0] FA TAFE FEo] BT,

n+mv )

T 2 b(Tyarmival - Tystart) (23)

i=n+1 k=1

b= AFE gugr
*aj:Insert_compatibility_requirement_between_routes_a
nd_schedules_constraint

23 26)4& F7Math as, ag, T+ agol
BETSRNE=Y

iinjkzl then Ti"’tij-<—Tj for i=1,2,...,n,n+1,...,n+m,
=1,2,...onn+l, . ontm k=12, v (24)

EEFAUL] ds AAHE 293 BFEo]
Bed FxRYS WEI] e FrA B
7 EAEY. st dgddeln, oE shue
FTEWACIG. AYBAE 2Y3}BF g 27
o] £HHE #MJ AV Ao g
o] ¥HhH

A BA A
= {(a>a)|Viy, i#,a; AFEF, aj: FPEFE )
= {(as;>a,9) (as—a,9) (3,7 a,0) (ag—>ag) } (25)

SEBAE F 850 FAY EAY W 2§
3 AAAA FEOl AVl BSEAM, S Zo)
Eia: Rl

FEdAAT
= {( &, )|Vij, i#j}
={(a,ay) } (26)

Z} 2338 FS OMMLI Y oruEad =g
L% 7 <E 459 7).

<E 4 7 23854 FF()Yd OMML ®¥
2, | REMOVE_INDEX_C(“maximum_traveling_
time_constraint”, “‘vehicle_index")
REMOVE_CONSTRAINT M(“maximum_
traveling _time_constraint™)
2, | INSERT_CONSTRAINT_M(“maximum_
traveling_distance_constraint™)
INSERT_INDEX_C(“maximum_traveling_
distance_constraint”, “vehicle_index”, 1, v)
a; | INSERT_CONSTRAINT_M(“maximum_
number_of_visiting_points_constraint”’)
INSERT_INDEX_C(“maximum_number_of _
visiting_points_constraint”, “vehicle_index”,1,v)
a, | INSERT_BOT_OM(“+”, “fixed_cost_of _
utilizing_vehicle_BOT")
INSERT_INDEX_B(“fixed_cost_of _utilizing_
vehicle_BOT”, “flow_out_index” I n+m)
INSERT_INDEX_B(“fixed_cost_of _utilizing_
vehicle_BOT”, “flow_in_index" 1 n)
INSERT_INDEX_B(“fixed_cost_of_utilizing_
vehicle_BOT”, “vehicle_index” 1 v)
a; | INSERT_CONSTRAINT_M(“earliest_start_
delivery_time_constraint”)
INSERT_INDEX_C(“earliest_start_delivery_
time_constraint”, ‘flow_ou_indext”, n+1, n+m)
INSERT_INDEX_C(“earliest_start_delivery_
time_constraint”, “vehicle_index”, 1, v)
INSERT_CONSTRAINT_M(“earliest_delivery_time_
constraint”’)
INSERT_INDEX_C(“earliest_delivery_ time_
constraint”, “flow_out_index”, 1, n)
INSERT_CONSTRAINT_M(“earliest_arrival_
delivery_time_constraint’”)
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INSERT_INDEX_C(“earliest_arrival_delivery_time_
constraint”, “flow_out_index”, n+1, n+m)
INSERT_INDEX_C(“earliest_arrival_delivery_time_
constraint”, “‘vehicle_index”, 1, v)

ag | INSERT_CONSTRAINT_M(“latest_start_
delivery_time_constraint”)
INSERT_INDEX_C(“latest_start_delivery_time_const
raint”, “flow_out_index”, n+1, n+m)
INSERT_INDEX_C(“latest_start_delivery_time_const
raint”, “vehicle_index”, 1, v)
INSERT_CONSTRAINT_M(“/atest_delivery_
time_constraint”)
INSERT_INDEX_C(“latest_delivery_time_
constraint”, “flow_out_index”, 1, n)
INSERT_CONSTRAINT_M(“latest_arrival_
delivery_time_constraint”)

INSERT _INDEX_C(“latest_arrival_delivery_
time_constraint”, “flow_out_index"”, n+1, n+m)
INSERT_INDEX_C(“latest_arrival_delivery _
time_constraint”, “vehicle_index”, 1, v)

a, INSERT_BOT_LC(“service_time_BOT”,*+”,
“compatibility_requirement_between_routes_
and_schedule_constraint”)

ag | INSERT_BOT_OM(*“+”,

“penalty_of _tardy_starting_service_time_BOT")
INSERT_INDEX_B(“penalty_of tardy_starting_servi
ce_time_BOT”, “flow_out_index” n n+m)

a, | INSERT_BOT OM(“+”, “penalty_of tardy_routing_
duration_ BOT”)

INSERT _INDEX_B(“penalty_of tardy_routing_durat
ion_BOT”, “flow_out_index” I n+m)

INSERT INDEX_B(“penalty_of_tardy_routing_durati
on_BOT”, “vehicle_index” 1 v)

a,, | INSERT_IF_THEN _CONSTRAINT_M(“visit_
constraint”’, “compatibility requirement_
between_routes_and__schedule_constraint”)
INSERT_INDEX_C(“visit_constraint”, flow_ out_
index”’, 1, n+m)

INSERT_INDEX_C(“visit_constraint”, “flow_
in_index"”, I, n+m)
INSERT_INDEX C(*“visit_constraint”, vehicle_

index”, 1, n+m)
INSERT_INDEX_C(“compatibility_requirement_betw
een_routes_and_schedule_constraint”,
“flow_out_index”, 1, n+m)
INSERT_INDEX_C(“‘compatibility_requirement_betw
een_routes_and_schedule_constraint”,
“flow_in_index”, 1, n+m)
INSERT_INDEX_C(“compatibility_requirement_betw
een_routes_and_schedule_constraint”,
“vehicle_index”, 1, n+m)

45. DYAE 2| EE

282 J|EEY TE i o4y ZITA
gxo7 FAHEUH, MUIEEHIZEsEF)eR
wrigt. =29y F2R2 E2d3d, (1% 713 2
on, o] T¥L M(M-VRPlaj,apajp.a6)= A7s
=9

[2% 7] M(M-VRPjaj,az,aj0,36) Z¥9 %

{{ Case_name: M-VRP al_a2 al0_a6
Base_model: M-VRP
Modification_actions:
Remove_maximum_traveling time_constraint

Insert_maximum_traveling_distance_constraint

Insert_compatibility_requirement_between_routes_
and_schedules_constraint

Insert_latest_delivery_time_window_constraints }}
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