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2.1 Al 718re] X35t B8] B35

2¥E v=e AR YJAMEAR Aleld] 9
79 g F0)7] A5t HZH3 nyg vF
sho g ALVINE FE9 FIo] dFHA &
t}. §AF FE(Analogical reasoning)(Gentner, 1933
Ishikawa, 1996, Kedar-Cabelli, 1988; Winston,
1994)9] 71¥kg & FAIFEC o =¥
(Modeling by analogy)7} Liang Soll <jsf &+
H =1 (Liang, 1991; Liang, 1993), o] 34
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Al Ttk XMEt oY Yy

OPT(Yeom, 1996; Lee and Kim, 1995)& Al&-3
. UNIK-OPTE HAg RIS A%z,
BOT(Blocks Of Terms)$t & AXZ FHI
o. BOT# X 713, ¥4 283 44§ 3/#3
= de9 AEe 9v|3itt. Multi-depot Vehicle
Routing Problem(M-VRP)(Kulkarni and Bhave,
1985)¢] ol & FALE oJujEAQ 2F B¥
of o3 FANE AR S 7D Asfs o
239 AMEHE Bl e d 2ok n wiEE
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Min % E 24X (1)
Az

'z: gl Xi=1 forij=1,2 ., n (2)
z{\“ \gl Xu=1 forj=1, 2 ., n (3)
',z‘; X :2; Xm=0 for b=, 2, .., n, n+],

o M, k=1, 2, L, v 4

'Sjlnm 'iq\n Xik<py for k=1, 2, ..,v ®)
= =

'ﬁn rﬁ:‘ ti,-Xiijtk for k=1, 2, vy V (6)
==

2, 2y Xasl fork=1, 2 ., v (7)

i:ﬁ:l P Kusl forkl 2. v ®

Y, —Yj+(m+n)Xu=<n+m-1 for I1<j=]
<n, 1<k<v €
Xg=0o0r 1 foralijk (10)

(1) ~ (102 uEHQ) ojF& FHedA
the3 ok (1)4): total_traveling_distance_
BOT; (2)4]: drop_in_constraint; (3)4}: drop_
out_constraint; (4)4]: route_continuity_constraint;
(5)4]: vehicle_capacity_ constraint; (6)4}: maxi
mum_traveling time_constraint; (7)2): vehicle_
start_constraint; (8)2]: vehicle_arrival_ constraint;
(9)2]: subtour_breaking_constraint; (10)2): visit_
variable. UNIK-OPTE ##3} 230 tjsts
<ad 2>¢9 22 2¥s AHTZE(Lee and
Kim, 1995)9 ZAste 2¥3}ain], = Fe)
2 AL <y e FHFHA EHY
M-VRPE UNIK-OPTS] vzl Zgq] +
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{{M-VRP
IS-A : IP_MODEL
DIRECTION : min
OBJECTIVE :
total_traveling_distance_BOT
CONSTRAINT
drop_in_constraint
drop_out_constraint
route_continuity_constraint
vehicle_capacity constraint
maximum_traveling_time_constraint
vehicle_start_constraint
vehicle_arrival_constraint
N subtour_breaking_constraint
}
{{drop_in_constraint
IS-A : CONSTRAINT
OPERATOR : EQ
LHS : (+drop_in_BOT)
RHS : (+one_BOT)
}}UNIT_INDEX: (in_index LE n)

{{visit_variable
IS-A : VARIABLE
SYMBOL : X
LINKED_INDEX : out_index
}}TYPE: binary

; (10)

in_index

<13 3> M-VRP2| UNIKK-OPT E&

M-VRP9] IF-THEN A|%}z2AE F718) BA}.

IF X2l THEN T;+t;<T,

fori=l, 2, ., n, =1, 2, .., n, k=1, 2, ..., v (11)

o] g EHL IP Solver7} o3& ¢ {i7) o
ol AA94F9 H3(High-level represen-
tation)o]2tx 3t} UNIK-OPTE ©l3g A9
FF B¥85YE /IR o, Ao P
Solver7} o3& = e A Z¥q U3
e J|AFE REoE HEY & QY <O
4>% UNIK-OPTlA IF-THEN @421 49
FE BEE Rl Rolth

3. FX3gl 289 2¥3} #X

453 =y} 44 F2E BASTNE @
5] slge AT HH3 Fejoldest A
AN HHD} 2P QAR SHhe
A73 Auz FAsEE, 2AE FE 3R

=

{{M-VRP_IF_THEN
IS-A : IP_MODEL
DIRECTION : min

OBJECTIVE : total_traveling_distance_BOT
CONSTRAINT :

subtour_breaking_constraint

{{visit_constraint
IS-A : CONSTRAINT
OPERATOR : GT
LHS : (+visit_BOT)
RHS : (+zero_BOT)

IF-THEN(visit_constraint, compatibility_requirement_between_routes_and_schedule_constraint)

; (9)
; (11-1)

; (11-2)

UNIT_INDEX: (out_index 1 mn)
(in_index 1 n)
(vehicle_index 1 v)
13
<38 4> IF-THEN HMALE JHE A& EEo 2y
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<Modeling_Request_Message>
«Sender» 01 «/Sender»
<R, Schaduler</Reces

X8 A STom)
L:8Z 94
#: A #(= Y 1008)

AE

oY <a¥ 5>¢ 2ok (1) 33 SeoldEE
FASEE AHSRZRE wol ZALTME A
Az, AAs MuoA FANEL 24T}
(2) AF3} Mus EALTFAZRE 23 8
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Ho| 22 HE 27|R¥E FEIT x|2¥L
REY Ev 3R 713 fARE 2o
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3} ZElo|AENA Rt
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4. 23t XY #

4.1 712289 71

712 2% (Base model)ol& fAleH EAE 7]

NEBHA b,
RP$A8%: m, m,m,

MOMVRPla, 3 43 |

uEAEY
-VRP_.....
t %—A:IP'MQM
DIRECTION: min

CBJECTIVE: .
W CONSTRAINT: ...

saxpy |

e RPAEY FF FHLAE o]Fox

3 gL guick A%
W, M-VRP E3¥o] 7|EEgo|d, w4zt
AgZzAL 714 M-VRP E3(M-VRP with
Time-Windows)2 7|22 %o] &8 2yl
of &3t}

42 283 89

2383 K29 (Modeling factor) 7122
2sle 71B2Y 8<2(Base model factor)d},
ERRYsd S VA 2YPFF 8Q
(Model modification factor)2.&2 FA4= o] it}
2y AL VIREHd " o2y g
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919} gte] multi_depot_vehicle_routing(b) ¥ ®
o] B¥A 21 dAH] B H gt of

g Ao}

<E 1>7|22% 2929 tfot
29l oot sl
multi_depot_vehicle_routing(b:) M-VRP 28
P r(gu)lti_depot _pickup_and_delivery | \+ oo oy
HE 2
transportation(bs) 'ga%r}sponation
43 M3t 8ol 27 20|
2 dF7dAE UNIK-OPTOA 28 ES

A3 AAE HEHst 2yl FPA|(OMML,
Optimization Model Modification Language)
(Lee and Lee, 2001)& £74%ct OMMLE <11
d 2> Y3} AHujo]a FRAAYG Zo] B
& Tk BATS, Aoz 2 Has, A%
Z37, BOT, @4, MY, A2, A §
o AALNE R¥YS FHI}= FH A,

INSERT, REMOVE, Z18]2 UPDATE¥e°] 3%l

t}. UPDATEE REMOVES} INSERTS] Agjo
2 3)A0] 7teslr] Wl <E 3olMe F2
%ol ALEE OMMLE ¢A3Hgch

INSERT_A_B= AE Bell 371319, REMOVE_
A BE BEXREH AE HAdle 715¢ 7IA3 QL
t}. INSERTAl= #d" 447 EA5x
ROoH AFo g FIIRHATFI d). 7t
sjojob & AA7} olu] EAY3AE FEHE F7i5
Ae FetHFES7IERA Ye). 33, REMOVE
Al BHE SAAAE of AAEHA =Hed(2HA
2], o AA7L AMgsta JoE AHAsER] ¢
=0HAHAF A ).

44 D83 BE

2383} g5 (Action for model formulation)&
A 27|2¥o] 2 Yo 3 FAHE FE
E 7IA3 Atk o2& M-VRP 7|2 2d29] 7
<, BEFA QR g3 AAHe Y3 &5
o] &7 53 FHE vEld Ao}

U

- ar'Remove_maximum_traveling_time_constraint

2Po2REH 6)4& AATHE ml 3]

<¥ 2> Z@syeeols oot

2 9l cf ot H ook
maximum_traveling_time_not_required(m;) Xizke| i 24IMsAl710 TS Miekzd AHK|
= Maximum_traveling_distance(m;,) Xizkol o 247tsHz!
Maximum_number_of visiting_points(ms) Rigke] 22 JhsEh AUl B
fixed_cost_of_utilizing_vehicles(m,) Xzt 2¥E 8 DHH|R
_ | eariest delivery_time_window{ms) x2to| w20l SIRE JIE WE AJZL
Hea = [ etest oeivery_tme_windowtmy xizre) 2ol s2d I =e M
service_time(m;) o EollM el MulA (3Hd) AjZE
@ & penalty_of_tardy_starting_service_time{ms) Xterol BrRjof B 1R =2 AlZF dotFo| TR mie] W
penalty_of_tardy_routing_duration(ms) Atzro] FRAOIAM AU SHE 24AI12I2 ZoE dof W
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Al oletel X5} 2y 4y

<#E 3> OMMLEl of

k- OMML

I INSERT_BOT _OM(Sign, BOT_name)

I REMOVE_BOT_OM(BOT_name)

I3 INSERT_CONSTRAINT_M(Constraint_name)

Iy REMOVE_CONSTRAINT_M(Constraint_name)

5 INSERT_IF_THEN_CONSTRAINT_M(Premise_constraint_name, Consequence_constraint_name)
s REMOVE_IF_THEN_CONSTRAINT_M(Premise_constraint_name, Consequence_constraint_name)
I INSERT_BOT LC(Constraint_name, Sign, BOT_name)

ls REMOVE_BOT_LC(Constraint_name, BOT_name)

Iy INSERT_BOT_RG(Constraint_name, Sign, BOT_name)

I REMOVE_BOT_RC(Constraint_name, BOT_name)

Iy INSERT_INDEX_Cl(Constraint_name, Index_name, Lower_bound, Upper_bound)

Iz REMOVE_INDEX_C(Constraint_name, Index_name)

i3 INSERT_INDEX_B(BOT_name, Index_name, Lower_bound, Upper_bound)

s REMOVE_INDEX_B(BOT_name, Index_name)

v M(model), I(index), OM(objective function of model), LC(left hand side of constraint), RC(right hand side of constraint),

Clconstraint), B(BOT)

A8,
« @z Insert_maximum_traveling_distance_constraint

280 (124€ 27120 mol 98 AW
o

'ﬁn rﬁ" dinijkglk for kzl, 2, ey V (12)
i=1 3=

+ azInsert_maximum_number_of_visiting_point

s_constraint

28e) (194¢ #7490 mel <8 A48
o

.z:\ ,2\ X <u, for k=1, 2, ., v (13)

- as'Insert_fixed_cost_of_utilizing_vehicle BOT
2Hg5e] (1494 2718tk meol 93

g,

2 ,2:1 ,Zl BiXiie (14)

- as)Insert_earliest_delivery_time_window_const
raints
BEo (15) ~ UDAE F7Hh meoll o))
AAEt apol AW W on)7}t ot

et < T & for i=n+], .., ntm, k=1, 2, ..., v (15)
et;<T; fori=l, 2, .., n (16)

et A< T &V forj=n+], .., nvm k=1, 2, .., v(17)
- ag'Insert_latest_delivery_time_window_constr

aints

2y (18) ~ Q04E F7H3th meoll o3
A4t apo] P2 | w7t ok
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T2 <1t 5 for i=n+1, .., n+m, k=1, 2, ..., v (18)
T;<W; fori=l, 2, ., n (19)

Taval < 1t aal for j=n+1, ..., n+m, k=1, 2, ..., v(20)

- a7 Insert_service_time_coefficient

2y (24)24] ZERY AZIFLHS) (21)
A& F7HITE mpoll 9F) A"t gpo] A3
2 o gu)7} Qi

Si (21)

- gg:Inert_penalty_of_tardy_starting_service_tim
e BOT
EAg) (2248 F7FE mgdl) 93 2
A9t} g0l A9E © oju)7} 9ok

g’ a(T;—1t) @)

at 458 g
* ag’Insert_penalty_of_tardy_routing_duration_B
oT
Y5l ()AL FHI meol 3 2
HEt) go] SN ZA}B FTo) BB

;inf:l ,Zl b(TH™ — T3 (23)

- aip-Insert_compatibility_requirement_between_
routes_and_schedules_constraint
234 24 F1h a5, a5, BE a0l 9
& A8

IF Xg =1 THEN Ti+t; < T; for i=l, 2, .., n,
n+l, .., ntm, j=1, 2, .., n, n+1, ..., n+m, k=1, 2,

y V (24)
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oS3 o] #@ETH

AFAART = {la—a)l(Vij, i#), ai DPEF,
g FPEF}
= {{as—a0)(as—ai)ar—au)
(as—a)} (25)

TERAE F 2T A EAY 0 =¥
g YN FEOl A7lE BEA, A 2
o] R

FTERARY = @ )l(Vij, i)} = {a@, a)}
(26)

Z 233 §5& OMMLEE 9 9ujgd §
Hog 7)sdd <HE 4>9 g}
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2Ye V2R o5 RYsH 5o
FAHs, MOIERE|Z¥s 85)08 87)
gt zae 722 BEsY, <29 6> 2o
H, o] R¥L MWM-VRP|a,aan,a)S 0§
t}.
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Al 7lgtel (X3 2y MN

<E 4> 2} 2ESY FS@) OMML EH

7% 2T #5@ OMML B8
REMOVE_INDEX_C(maximumn_traveling_time_constraint, vehicle_index)
a REMOVE_CONSTRAINT M{maximum_traveling time _constraint)

INSERT_CONSTRAINT_M(maximum_traveling_distance_constraint)

@ INSERT_INDEX_C(maximum_traveling_distance_constraint, vehicle_index, 1, v)

INSER’I‘_CONSTRAINT_M(maximuranurnber_of_visiting_points_constmint).
INSERT_INDEX_C(maximum_number_of_visiting_points_constraint, vehicle_index, 1, v)

INSERT_BOT_OM(+, fixed_cost_of_utilizing_vehicle_BOT)
INSERT_INDEX_B(fixed_cost_of utilizing_vehicle BOT, flow _out_index, 1, n+m)
& INSERT_INDEX_Bfixed_cost_of utilizing_vehicle BOT, flow_in_index, 1, n)
INSERT_INDEX_B(fixed_cost_of_utilizing_vehicle BOT, vehicle_index, 1, v)

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(earlest_delivery_time_constraint)
INSERT_INDEX_C(earliest_delivery_time_constraint, flow_out_index, 1, n)
INSERT_CONSTRAINT_M(earliest_arrival_delivery_time_constraint)

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)

INSERT_CONSTRAINT M(latest_start_delivery_time_constraint)
INSERT_INDEX_C(latest_start_delivery_time_constraint, flow_out_index, n+1, n+m)
INSERT_INDEX_C(latest_start_delivery_time constraint, vehicle_index, 1, v)
INSERT_CONSTRAINT_M(latest_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)

INSERT_BOT_LC(service_time_BOT, +

ar compatibility_requirement_between_routes_and_schedule_constraint)

INSERT_BOT_OM(+, penalty_of tardy_starting service_time_BOT)
INSERT_INDEX_B(penalty_of_tardy_starting_service_time_BOT, flow_out_index, n, n+m)

INSERT_BOT_OM(+, penalty_of_tardy_routing . duration_ BOT)
ag INSERT_INDEX_B(penalty_of_tardy_routing_duration BOT, flow_out_index, 1, n+tm)
INSERT_INDEX_B(penalty_of_tardy_routing_duration_BOT, vehicle_index, 1, v)

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, 1, n*m)

INSERT_INDEX_C(visit_constraint, vehicle_ index, 1, n+m)

amn IIIISERT)_H\IDEX_C(compaﬁbility _requirement._betweer_routes_and_schedule_constraint, flow_out_index,
, n+m

INSERT_INDEX_C(compatibility_requiremnent_between_routes_and_schedule_constraint, flow_in_index,

1, ntm
IIIISER’I‘)_H\JDEX_C(compatibility_requirementjetwem_routesqand_schedule_constmint, vehicle_index,
, n*m

{{ 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

<2 6> MM-VRPla1,22,210,26) 282 3
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<a¥ 7>9 AND/OR 2¥=Z&s EZEZEYE
gashe AN 2y 89l 712RY, =Y
3} 85 Alo]9] BAE HoFoh. AND/OR 1)
Ie 7|RRY 299 ol o] 71ERHo] A
gdeE 72R¥S ¥4 QU EE UE B
3 &5 o3 2y 5ol FWA- 2¥
3 853, 71ER¥oa e 2 S 9
3 Z¥o] MYHE FARYFY IIHE FE
2 w72 AL 39 o & UEhd Rojth 7]
EE2Y 899 gto] boln Y5 ghol
m, me, me°|H 71EE¥HS M-VRP, 233 &
5L a, @, @, aw®l 4Z HAEg=o] M-VRP_

60 B=EXSHEAMAYBS=2X] Mg 23 2002¢ 129

SEDHSIE T AND/OR 12f Z 2

al_a2 a6_al0Te HF ZERFPo] A4=A
o 23 732 233 52 Q23] 9%
A A ojct.

<Y oM} Zo|, 7JEEYo| HFHAH
2353809 gl wet 2y3) $Fo] e
t}. o] AND/OR == o3 e IF-
THEN 7822 ®& 7}s3

Rule i IF m; THEN A(@) for i = 1,2, ., T»
Rule 8 IF ms and as THEN Alas);

Rule 9 IF my and ~a; THEN Afay);

Rule 10: IF a5 or as or a; THEN Alap).

o] A 2¥Y3 &FIF HABA25)A)Y}
FETA26)AE Ad4, Folx BYFHQ
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Abstract

Case-based Optimization Modeling

Yong Sik Chang - Jae Kyu Lee*

In the supply chain environment on the web, collaborative problem solving and case-based modeling
has been getting more important, because it is difficult to cope with diverse problem requirements and
inefficient to manage many models as well. Hence, the approach on case-based modeling is required. This
paper provides a framework that generates a goal model based on multiple cases, modeling knowledge,
and forward chaining and it also develops a search algorithm through sensitivity analysis to reduce the
modeling effort.
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