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ojHe HagE Fol7l A3t HAZJLE AT
AP 25 AR o234]. HH3
282 z2¥ste] ofd Ataizive F8Y FH ol
Afse] g #3343 E(analogical
reasoning))[4,5,7,20]1°1  71¥E  EF  fFFo o3
2.3 3l(modeling by analogy)”} Liang 5o 2}3}
ArEHA=di6,18] o] ¥R HdE, 7x, 7154
FARE Y 5L ol (mapping)dtEM  MEE
2¥8E AAdsd. 8y 23 7z £7o)
2749 de vEEHo|th Liange] AX Ko,
olgigt AL A djFo]  olgHom
NP-completedt?]  wi&ol Fa7Igke]  HIwcoh
ddirdez  AAso 9Qa AAbelEo]  dl%
istch 2Eln FERHCRE wige] FE & A9
e mgxoezr Add £ dd(u7 MEE
FAE A" ¥l o3 3s= o4, Binbasioglue
Z2HMA - Z(process analogy) 2 g
A_bstRATH1L o] W2 F4EL e
Tl FYA He AAE 7P—‘5} 29
FEoz 7AHYE V2R EREH 29 TxE
A g1 BHEE AT a2y g
el A 7E %’%0] TAE £ 9

Wagiol AAg Th5e de =2 dojth filt
Gad $29 duEna Edere Moz
NERy == ZYAdRy  SEDge
gAsE 2 B2 Addch oow a2
b dEE AdAd 9 e

BelMes oz ool A
AHsstd A 277 9% %EHQI AT,

2.2 XMzl 2EAZ| = UNIK-OPT

2 AFoME T d(frame) EHOFE LPYY [P

2 A% HHs 2 AV A AR
2 Y43k UNIK-OPT[9,12]15 AH&-3Hoh UNIK-OPT=
LP = P EES ﬂ[%f&ﬁ BOT(Blocks Of

Terms)2t 2 ZAA2 EH3HE BOT# summation
sign, 1= 28]l TS %17 3t FEY A8 E
o} o] gk} Multi-depot vehicle routing
problem(M-VRP){(10]8] & Fdoz ujZxq
me]l EHA ot FAMA AL s
gt o] Z¥Ee] A& HE #H7|e o
Zohon wlHE oA 4 om: A (depot)d] F v
gl 4, g, he AR ool Al (12, .. o,
n+l, ..., n+m); ke PSS M 112 v dij:
gk jzF olFmAE; i2} j” Olﬁio*]?h ai:
g 8 T pe AR kO] B I A kY
Hd  EF7bsAE o we AF k9 Hd
FEIRSAIZE s A el X AulAEEFE A TH
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=9 4 X Uk 16, ;7 2FeE ko] AR A e o=
B9y, Eo 0UIE By T WEARE WS
setael BEe ofael et

n+mn+mv
MinL I I djXjk (H

n v
I ZXjk=1 forj=1,2,..,n (2)

z EXUk:l fori=1,2,...,n (3)

forh=12,..nn+1,.. n+m, k=12..v (4)
n+m n+m
= 1ql Xiijpk fork=1,2,...,v (5)
n+m n+m
;:11 jz=1 GjXik Stk fork=1,2,..,v 6)
n+m n
z L Xjjks! fork=1,2,..,v O]
1I=n+l j=
ntm n .
T I Xjksl fork=1,2,..,v (8
j=n+1 i=1

Yi- Y|+ (m*n)Xjjk < n+m-1 for 1<iz#jsn, Isksv  (9)
lek Oorlforadxj,k (10)

() ~ (104 dejEHd ol5& Hdstd o
=3 Zrh ()4 total_traveling_distance BOT; (2)4):
drop_in_constraint; (3)4): drop out_constraint; (4)2:
route_continuity constraint; (5)2]:  vehicle_capacity
constraint; (6)A: maximum_traveling_time_constraint;
(72} vehicle_start_constraint; (8)2]: vehicle_arrival
constraint; (9)%]: subtour breaking_constraint; (10)2}:
visit_variable.
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{{M-VRP
IS-A : IP_MODEL
DIRECTION : min
OBJECTIVE : total_traveling_distance_BOT ; (D)

CONSTRAINT : drop_in_constraint (@
drop_out_constraint ; (3)
route_continuity_constraint (@)
vehicle_capacity_constraint ;3 (5)
maximum_traveling_time_constraint ; (6)
vehicle_start_constraint AT
vehicle_arrival_constraint 1 (8)
subtour_breaking_constraint (9 1)

{ {drop_in_constraint 1 (2)

IS-A : CONSTRAINT

OPERATOR : EQ

LHS : (+drop_in_BOT)

RHS : (+one_BOT)

UNIT_INDEX: (in_index LE n) h
! {visit_variable
(10)

IS-A : VARIABLE

SYMBOL : X
LINKED_INDEX : out_index  in_index
TYPE:

binary i

M-VRPo| IF-THEN #|ekz7 & F7bs| wab
X1 then T + tj; < T
fori=1,2,...,n,j=1.2,...,n, k=1,2,..,v (N

fN
o]
(et

[ 4] IF-THEN dAbate] Aels

{{M-VRP
[S-A : IP_MODEL
DIRECTION : min
OBJECTIVE : total_traveling_distance_ BOT
CONSTRAINT :

[F-THEN(visit_constraint,
between_ routes_and_schedule_constraint)

compatibility_requirement_

(-0 1)

{ {vasit_constraint
(11-2)
[S-A : CONSTRAINT
OPERATOR : GT
LHS : (+visit_BOT)
RHS : (+zero_BOT)
UNIT_INDEX: (out_index 1 n) (in_index 1 n)
(vehicle_index 1 V) }
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wf i of] R el E ¥ (High-level
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gk Al AR 2P atst £F4 <
FAgo Ak ZHYY A= HA3} ool
B 2=l —?—HIB.:TLE’:%’—H %EE_E%% =
SEZFEAEA, FASE B
AbellAd g & E’.%*Peﬂi—rﬂ ZEES
SEZFEAAYA, ZA9 HE XML
Z H@a oA HHg FYoJAE o]
A BT A, 28 o] EF

r}{z 4y o 2 Xl ot rir e ku

9
o £Z4 A9 [P Solver7b oldllE &= AE
aGxel g og HEs= UNIK-OPTZF QU
AT A= [P solver® LINDOE ©] &3+

4. AFEEH3} A4 HEH

4.1 71222 4

715 2 & (Base model)ol# A #AE J1E
= ZEAlEY % TAHLAR o|FoAn
I AAH =AM EFE T < 2ojmjgtr}

M-VRP 230} 7|ERdo|r ufetrjzr Aok
S 7} M-VRP 232 FALR AR S 8

73 ﬂ&ﬂ(Modeling factor)< 7|2 23S A
Sk 712 238 Q 9)(Base model factor) ¥}, =& 253}
of ¥%S vl 2344 22U (Model modification
factor) S 2 TFAEO] ok F¥E FAS V2R

Hol| wel cl2r] mie] rHELHoAL 7|ED
g aolel &Aool 7|EZHAJOEE wiFAH
o0l WAAE o S HAM3 7Y FofHz B
F7bsskoh <R 1> VIEERE2AF skl 6

Aol gk tES e ofo]ar, <3 2>

| multi_depot_vehicle_routing(b )
I oA Al tEA tfqle]

2
10
tg
ot
A
0\4
O o
r&

a7 | latest_delivery abeke]  HRo} &g

time_window(mg) 7HA =2 AZE

service_time(m7) of oA o] AMu]A (34
ks
penalty_of tardy_starti | z}2ko] urFsjok & 7}k
ng_service_time(mg) =2 A 7F ke 1}3;5_@]
w1 EPLERE
=7 | penalty_of tardy_routi | zpzko| ZHZArollA  FHdl
ng_duration(mg) e 5AS A
el A

a9l o <t 715 H
multi_depot_vehicle_ M-VRP 28
W4 routing(b )
i g multi_depot_pickup_ M-PDP 23
A= and_delivery(b3)
transportation(b3) Transportation %%
<E 2> 2YFYeAT g
2.9 oj <t Al of
maximum_traveling _ 2peke] )& E7F5 A 7k
time_not_required(m]) )3t A eFEA 74 Ak
Maximum_traveling_di | z}ako] Hd| &4 7H5 A
ot stance(my)
5 Maximum_number_of | x}2fFo) B} 5L ki
visiting_pointsim3) Z| of o)) AF2=
fived_cost_of utilizing z}- ek s 2] 3k
_vehicles(my) DAY &
o & | earliest_delivery _time_ | 2}2k o] H}b Fo) 3 g5
L= | window(ms) AT /x] 7F

4.3 X3} DS A

2 Ao M= UNIK-OPTolA 2 #alE 9s)
dAle HHEgRE A (OMML, Optimization
Model Modification Language)(13]5 Z 7§ ot OMML
° [ﬁal 210 &3} xauoj A FZofA e #ol
HE Tt AT, Hdg 2 H3, A
i?d, BOT, dAkz}, Aol oAlAAHE A 5

AAE Z¥HE FAsE FHEARAM,
INSERT, REMOVE, 2|3 UPDATEXo] <2lt}
UPDATEY REMOVES®} INSERTS Aoz &4
of 7h5d7) wWliol <& 3>olM= FE Ho] ALR
= OMMLZ o|A37] 2 3k}

1o ;2 HJ o

<# 3>0MMLY] o
N INSERT_BOT_OM(sign BOT _name)
I REMOVE_BOT_OM(BOT_name)
Iy INSERT_CONSTRAINT_M(Constraint_name)
l REMOVE_CONSTRAINT_M(Constraint_name)
INSERT_IF_THEN_CONSTRAINT_M
I (Premise_constraint_name,
Consequence_constraint_name)
REMOVE_IF_THEN_CONSTRAINT_M
Ig (Premise_constraint_name,
Consequence_constraint_name)
INSERT_BOT_LC(Constraint_name, Sign,
BOT_name)
Ig REMOVE_BOT_LC(Constraint_name, BOT_name)
INSERT_BOT_RC(Constraint_name, Sign,
BOT_name)
o REMOVE_BOT_RC(Constraint_name, BOT_name)
) INSERT_INDEX_C(Constraint_name, Index_name,
Lower bound, Upper_bound)
L, | REMOVE_INDEX_C(Constraint_name, Index_name)
INSERT_INDEX_B(BOT_name, Index_name,
Lower_bound, Upper_bound)
Ly | REMOVE_INDEX_ B(BOT_name, Index_name)

8] i1 : 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 F7Fekod,
REMOVE_A_B¥ BZHE AE AAsts 7158
7FA 31 vk INSERTA & #a g s 7F &3y
g2 ko HRFpoz Fihstch(atFEFvt dz).
FIrE ool & AA7E oln] EAFHE FEEFO F
7he] 2 = ‘*“ﬁk(’“*?}“ﬂ Aef).  FHE,
REMOVEA] &= s AAE o} 2bAshA ==
di¢ataigal), o A7 AFRste glow Abx
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) ekt 2 Ae)).
4.4 RIS

23 3} & F(action for model formulation)> A & ¥
271280 & 2¥Pog FAHE FRE HA
T Yt G2 M.VRP 71ERHY A9, mEs
Faglol o AAHe 2HdBF JEH} &
stHel @ Ferd solo
®a;:Remove_maximum_traveling_time_constraint

EYozRE (6)4T AT mpel o8
SRR
*ay:Insert_maximum_traveling_distance_constraint

2o (1)A2 F7Hgh mooll s A4

n+m n+m

El ildijxijks‘k fork=1,2,...,v (12)

=1 =
ea3:Insert_maximum_number_of_visiting_points_constra

int
Ty (13)4% Frhstch myell o AA =

n n
I T Xjjksuk fork=1,2,...,v (13)
i=1j=1

eaq:Insert fixed_cost_of utilizing_vehicle_BOT
2Hg5e (149d% FAech mel H

A gt
ntmn v
T ZfiXijk (14)
i=l j=lk=I

eag:Insert_earliest_delivery_time_window_constraints
el (15) ~ (INAE F7hEH msel sl
14k ajgel Aag = ofelzh ok,
et;Start< T Start for j=n+1, ..., n+tm, k=12, ... ,v (15)
eti<Tifori=1,2, ... n (16)
etjarmnvaleTyarmival for j=n+1, ..., n+m
k=1,2, ... v an
*ag:[nsert_latest_delivery_time_window_constraints
2ol (18) ~ 204 F7HET mgell o3l
Al gk ajgel A= of Jajrt Qo
TjStarisiy;start for i=n+1, ... ,n+m, k=12, ... v (18)

)

Ti<ltj fori=1,2, ... ,n (19)
Tikamvalgltiamval for i=n+1, ...,n+m,
k=12, ...v (20)

»a7: Insert_service_time_coefficient

2R oA dEFe A5FE(LHS)C
eunAE Frhdch mpel osl A Eh ajpel
EEERIREEGEC)

Si (2
sag:Inert_penalty of tardy starting_service_time_BOT

21345 (2248 F7hsch mgell 9l
Q4T agel M W ojulsh ek

n

Zoa(Ti- 1) (22)

as HFE ook
®ag:Insert_penalty_of tardy_routing_duration_BOT
2aHGr 2)4% F7HE meel 2l
A4 gt ago] FAlefl &t FEo] LA

n+m v .

T S b(Tjgarrival - Ty starty (23)

=n+1{ k=1

b 45E s
*a;:Insert_compatibility_requirement_between_routes_a
nd_schedules_constraint

2o 2604 F7HE a5, a6, £ arel
BEORE Y

iinjkzl then T,’+tijSTj fori=1,2,...,n,n+1,...,n+tm

7=1,2,..onn+lontm k=12, v (24)

THSAT] 8 A4HE 2HHEFFol
ggst 2Ex7¥E wEr] A& FoRR A
7 Eystey shube daBAeln, o shue
S Aol Ayl 2yt dFe] o =2
o] £HHE A7 EASThE oz ey 2
o] E¥

A A T

= {(a—>)|Vij, i#j,a; AHETF, o F3EF )
= {(as—>a,0) (a52y) (3, 249) (ag—ag) } (25)
ZEHAe F %0 FA EAGE w =Y
s HANAM FEo| AVe ASEA, d&H Zo
Zd G
AT
= {( a;, )|Vij, i#j}
{(a,a)} (26)
7+ 28385 OMMLEHY gu&s ¥
o =35t <E 4>9 Zoth

It

<E 4> 7 235 B0 OMML E3
a, | REMOVE_INDEX_C(“maximum_traveling_
time_constraint”, “vehicle_index")
REMOVE_CONSTRAINT M(“maximum_
traveling_time_constraint’)
a, | 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"" | n+m)
INSERT_INDEX_B(“fixed_cost_of_utilizing_
vehicle_BOT”, “flow_in_index" I 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", I, v)
INSERT_CONSTRAINT_M(“earliest_delivery_time_
constraint’™)

INSERT_INDEX_C( “earliest_delivery_time_
constraint”, “flow_out_index”, I, 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+!, n+m)
INSERT_INDEX_C(“earliest_arrival_delivery_time_
constraint”, “vehicle_index", I, 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", I, v)
INSERT_CONSTRAINT_M(“latest_delivery_
time_constraint”’)
INSERT_INDEX_C("“latest_delivery_time_
constraint”, “‘flow_out_index”, I, n)
INSERT_CONSTRAINT_M(“latest_arrival_
delivery_time_constraint’)

[NSERT_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(“penaity_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" [ 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”, I, n+m)

INSERT_INDEX_C(“visit_constraint”, “flow_
in_index”, I, n+tm)
INSERT_INDEX_C(*visit_constraint”, vehicle

index” 1, n+m)
INSERT_INDEX_C(“compatibility_requirement_betw
een_routes_and_schedule_constraint”,
“flow_out_index", I, n+m)

INSERT_INDEX _C(“compatibility_requirement_betw
een_routes_and_schedule_constraint”,
“flow_in_index", I, n+m)
INSERT_INDEX_C(“compatibility _requirement_betw
een _routes_and_schedule_constraint”,

“vehicle _index”, |, n+m)

4.5 ZEA 2| ®H

2388 7B T i oAt ¥4
gz or FAHAHEd, MUIZEE R} EF)0R
7)1 ZalY FRE EdEIE, (" 7= 2
onf o] F¥2 MM-VRPlaj,a,a1086% 0T
=3

[Z2% 7] M(M-VRPla],a2.a10,26) 5.3 £¢

{{ 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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