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Meta Knowledge for Effective Model Management in
Web-based System

Chulsoo Kim*

Abstract

Diverse requirements of users on web-based model management force a system agent to develop
user-adaptive ability building a model in reality and providing an adequate solution method of the model.
The relationship between models is important knowledge for the agent to effectively build a new model,
to adaptively adjust an existing model under a problem, and to efficiently connect the new model into an
adequate solution method. Since the generating process of the inter-model relationship is more difficult
than the building a new model, however, the process mostly depends on the knowledge of operation
research experts. Without the adequate scheme of the inter-model relationship, the burden of the
management for the agent increases rapidly, and the quality of the services may worsen. This study
shows that meta-knowledge generated from relationships between models is important for the user to build
a model in reality and to acquire the solver appropriate to the model.

The relationship that consists of common and exclusive objects between models can be represented by
frames. The system under development to implement the idea includes user-adaptive ability, which
identifies a model through forward chaining method and searches the solver appropriate to the model by
using the meta knowledge. We illustrate the meta knowledge with an applied delivery system in supply

chain management.
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{{ Pure_Minimum-Cost_Flow_Problem
IS-A : NETWORK_MODEL
DIRECTION : min
OBIECTIVE : cost_flow_BOT
CONSTRAINT : amount_of_source_constraint(flow=real,

with_gain=one)

A LR

amount_of_destination_constraint(flow=r

eal, with_gain=one)
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amount_of_transfer_constraint(0,

with_gain=one)

lower_bounded_flow_constraint

upper_bounded_constraint
DISTINCTIVENESS : Pure_Minimum-Cost_Flow_Structure
SOLVER : }}

{{ amount_of_source_constraint(flow=real, with_gain=one)
IS-A : CONSTRAINT A2 HA| S o
OPERATOR : EQ
LHS : (+flow_out_BOT) (-flow_in_BOT)

S : (+requirement_BOT)
UNIT_INDEX : source_index
DISTINCTIVENESS : amount_of_source_constraint } }

{{ cost_flow_BOTBOT
IS-A : BOT
ATTRIBUTE : cost_unit_flow
SUMMATION_INDEX : flow_out_index flow_in_index
DISTINCTIVENESS : cost_flow_BOT }}

A2 o

{{ flow_variable 47 A(ATTRIBUTEs]] £:3He] o
IS-A : VARIABLE
SYMBOL :
LINKED_INDEX : flow_out_index flow_in_index
DISTINCTIVENESS : decision_variable} }

{{ cost_unit_flow /g4 A(ATTRIBUTE] 43He] of
IS-A : COEFFICIENT
SYMBOL :
LINKED_INDEX : flow_out_index flow_in_index
DISTINCTIVENESS : constant}}
{{ flow_out_index
IS-A : INDEX
SYMBOL :
LINKED_ATTRIBUTE :
DISTINCTIVENESS : network _index }}
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o AMOUNT_OF_SOURCE_CONSTRAINT(FLOW=CO
NSTANT, TRANSFER=EXIST,WITH_GAIN =ONE)

¢ AMOUNT_OF_DESTINATION_CONSTRAINT
(FLOW=CONSTANT,TRANSFER=EXIST,WITH_GA
IN=ONE)

¢ AMOUNT_OF_TRANSFER_CONSTRAINT(FLOW=
CONSTANT,TRANSFER=EXIST,WITH_GAIN
=ONE)

¢ BOUNDED_CONSTRAINT(LOWER=REAL,
UPPER=REAL)
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{{ conservation_constraint(flow=constant/real, transfer=exist/
not_exist, with_gain=onej/real)
IS-COMPOSED-OF :
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amount_of_source_constraint (flow=constant/real, with_
gain=on/real)

amount_of_destination_constraint (flow=constant/real,
with_gain=onefreal)

mount_of_transfer_constraint (0, with_gain=one/real)

DISTINCTIVENESS : conservation }1}
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{{ amount_of_source_constraint (flow=constant/real, with_
gain=onejreal)
IS-A : CONSTRAINT

OPERATOR : EQ
LHS : (+flow_out_BOT) (flow_in_BOT [ with_gain=
onefreal])

S : (+requirement_BOT [flow=constant/real])
UNIT_INDEX : source_index
DISTINCTIVENESS : amount_of_source_constraint }}
{{ amount_of_destination_constraint (flow=constant/real, with_
gain~oncfreal)
IS-A : CONSTRAINT
OPERATOR : EQ
LHS : (+low_out_BOT) (flow_in_ BOT [ with_gain=
onefreal])
S : (-requirement_BOT [flow=constant/real])
UNIT_INDEX : destination_index
DISTINCTIVENESS : amount_of_destination_constraint }}
{{ amount_of transfer_constraint (transfer=exist/not_exist,
with_gain=one/real)
IS-A : CONSTRAINT

OPERATOR : EQ
S : (+flow_out_BOT) (-flow_in_BOT_[ with_gain

=one/real] )
RHS : (0)
UNIT_INDEX : transfer_index
" DISTINCTIVENESS : amount_of_transfer }}
{1 flow_in_BOT_[ with_gain=one/real]
IS-A : BOT
ATTRIBUTE : [with_gain=one/real] flow_variable
SUMMATION_INDEX : flow_in_index
DISTINCTIVENESS flow_in_BOT }}
{1 flow_out_BOT_[ with_gain=one/real])
IS-A : BOT
ATTRIBUTE : [with_gain=one/real] flow_variable
SUMMATION_INDEX : flow_in_index
DISTINCTIVENESS flow_in_BOT }}
{1 requirement_BOT {[flow=constant/real]
IS-A : BOT
ATTRIBUTE : flow=constant/real
SUMMATION_INDEX :
DISTINCTIVENESS : requirement_BOT }}
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(RULE Connection_of_Network_Problem_A_into_Solving_Method_B
[RULE_GROUP NETWORK_FLOW_PROBLEM]

IF (IS DISTINCTIVENESS OF NETWORK_MODEL
('DISTINCTIVENESS ‘Network_Problem_A))
THEN (IS SOLVER ’Solving_Method_B))
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{{ A_model
IS-A-RELATIONSHIP-WITH : B_model
INHERITANCE :

inheritance_1

inheritance_2

inheritance 3 . . .. }}

9] o] 9wste U842 B_models ¥
He =gl A7 AL wiel] inheritance_l,
inheritance_2, inheritance 3, -+ B3 &L A&
e 7T MY AAFE A modelEs TF
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A\(Transportation Problem)E HW o537 Z&
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{{ Tranportation_problem
IS-A-RELATIONSHIP-WITH : Transshipment_problem
INHERITANCE :
conservation_constraint  (flow, transfer=not_exist,

with_gain) }}

EAE FollA o]zt dst#
A7d ol Uehuhsdl 2 7k 2l A
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A (Minimum Cost Flow Problem with Gains)o| o
& AelaAE 1859 e 2t

{{ Assignment_problem
IS-A-RELATIONSHIP-WITH : Transportation_problem
INHERITANCE :

conservation_constraint  (flow=one, transfer,
with_gain) }}

{{ Transportation_problem
IS-A-RELATIONSHIP-WITH : Transshipment_problem
INHERITANCE :

conservation_constraint (flow, transfer=not_exist,
with_gain) })

{{ Transshipment_problem
IS-A-RELATIONSHIP-WITH : Pure_minimum_oost_flow_problem
INHERITANCE :

lower_bound (lower_limit_value=zero)
upper_bound (upper_limit_value=infinite) }}

{{ Pure_minimum_cost_flow_problem
IS-A-RELATIONSHIP-WITH:Minirmm_cost_flow_ with_gains_problem
INHERITANCE :

conservation_constraint (flow, transfer, with_gain
=real) }}
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(RULE pure_minimum_cost_flow_structure_rule

[RULE_GROUP MODEL]

IF (IS CONSTRAINT.DISTINCTIVENESS "amount_of_source_constraire)
(IS CONSTRAINT-DISTINCTIVENESS amount_of_destination_ constrain)
(IS CONSTRAINT DISTINCTIVENESS "amourd_of_transfer_oonstrain)
(IS CONSTRAINT.DISTINCTIVENESS "lower_bounded_flow_constraint)
(IS CONSTRAINT.DISTINCTIVENESS "upper. bounded flow_constrair)

THEN (IS DISTINCTIVENESS *pure_minimum_cost_flow_structure))

(RULE amount_of_source_constraint_rule
[RULE_GROUP CONSTRAINT]
IF (IS CONSTRAINT.LHS °(+flow_out_BOT) (-flow_out_BOT))

(IS CONSTRAINTRHS 'requiremens_BOT)

(IS CONSTRAINT.UNIT_INDEX DISTINCTIVENESS 'source_index)
THEN (IS CONSTRAINT.DISTINCTIVENESS ’amount_of_scurce_constraint))
(RULE amount_of_destination_constraint_rule
[RULE_GROUP CONSTRAINT]
IF (IS CONSTRAINT.LHS *(+flow_out_BOT) (-flow_out_BOT))

(IS CONSTRAINT.RHS * - requirement_BOT)

(IS CONSTRAINT.UNIT_INDEX DISTINCTIVENESS destination_index)
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THEN (S CONSTRAINT.DISTINCTIVENESS "amount_of_destination_constraint))
(RULE amount_of_transfer_constraint_rule
[RULE_GROUP CONSTRAINT]
F (IS CONSTRAINT.LHS *(+flow_out_BOT) (-flow_out_BOT)

(IS CONSTRAINTRHS °0)

(IS CONSTRAINT.UNIT INDEX.DISTINCTIVENESS ‘transfer_index)
THEN (IS CONSTRAINT.DISTINCTIVENESS amount_of transfer_constraint)}

(RULE lower_bounded_constraint_rule
[RULE_GROUP CONSTRAINT]
IF (IS CONSTRAINT.OPERATCR 'GE)

(IS CONSTRAINT.RHS "lower_bounded_BOT)
THEN (IS CONSTRAINT.DISTINCTIVENESS 'lower_bounded_constraint))
(RULE upper_bounded_constraint_rule
[RULE_GROUP CONSTRAINT]
F (IS CONSTRAINT.OPERATOR °LE)

(IS CONSTRAINT.RHS "upper_bounded_BOT)
THEN (IS CONSTRAINTDISTINCTIVENESS "upper_bounded_constraint))

2d3z Rt oM =de 727 A
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(RULE Connection_into_Hungarian_Method
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
('DISTINCTIVENESS ’Assignment_Problem_ Structure))
(AND (EXIST 'Hungarian_Method))
THEN (IS SOLVER Hungarian_Method))
(RULE Connection_into_Vogel_Method
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
('DISTINCTIVENESS 'Transportation_Problem_Structure))
(AND (EXIST 'Vogel_Method))

THEN (IS SOLVER 'Vogel Method))
(RULE Connection_into_Kilter_1_Method
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
('DISTINCTIVENESS 'Transshipment_Problem_Structure))
(AND (EXIST ’Kilter_Method))
THEN (IS SOLVER ’Kilter_Method))
(RULE Connection_into_Dijkstar_Method
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
('DISTINCTIVENESS *Shortest_Path_Problem_Structure))
(AND (EXIST ’Dijkstar_Method))
THEN (IS SOLVER ’Dijkstar_Method))
(RULE Connection_into_Prim_Method
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
(‘DISTINCTIVENESS "Minirmm_SpenningTre:_Problem_Structure))
(AND (EXIST 'Prim_Method))
THEN (IS SOLVER ’Prim_Method))
(RULE Connection_into_Ford_Method
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
(‘DISTINCTIVENESS "Maximum_Flow_Problem_Structure))
(AND (EXIST 'Ford_Method))
THEN (IS SOLVER ‘Ford_Method))
(RULE Connection_into_Kilter_2_Method
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
(‘'DISTINCTIVENESS  "Pure_Mirimum_Cost_Flow_Problem_
Structure))
(AND (EXIST ’Kilter_Method))
THEN (IS SOLVER ’Kilter_Method))
(RULE Connection_into_Chris_Method
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
('DISTINCTIVENESS Minimum_Cost,_Flow_Problem_with Gains_
Problem Structure))
(AND (EXIST ’Chris_Method))
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THEN (IS SOLVER 'Chris_Method))
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(RULE Hungarian_Method_not_Existed
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
('DISTINCTIVENESS ’Assignment_Problem_Structure))
(AND (NOT_EXIST ’Hungarian_Method))
THEN  (Connection_into_Vogel_Method))
(RULE Connection_into_Vogel_Method_not_Existed
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
(‘'DISTINCTIVENESS "Transportation_Problem_Structure))
(AND (NOT_EXIST ’Vogel Method))
THEN  (Connection_into_Kilter_1_Method))
(RULE Connection_into_Kilter_1_Method_not_Existed
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
('DISTINCTIVENESS "Transshipment_Problem_Structure))
(AND (NOT_EXIST ’Kilter_Method))
THEN  (Connection_into_Dijkstar_Method))
(RULE Connection_into_Dijkstar_Method_not_Existed
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
('DISTINCTIVENESS *Shortest_Path Problem_Structure))
(AND (NOT_EXIST ’Dijkstar_Method))
THEN  (Connection_into_Prim_Method))
(RULE Connection_into_Prim_Method_not_Existed
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
(DISTINCTIVENESS "Minirmum_SpanningTree_Problem Structure)
(AND (NOT_EXIST ’Prim_Method))
THEN  (Connection_into_Ford_Method))
(RULE Connection_into_Ford_Method_not_Existed

[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
('DISTINCTIVENESS "Maximum_Flow_Problem_Structure))
(AND (NOT_EXIST ’Ford_Method))
THEN  (Connection_into_Kilter 2_Method))
(RULE Connection_into_Kilter_2_Method_not_Existed
[RULE_GROUP NETWORK_FLOW_PROBLEM]
IF (IS DISTINCTIVENESS OF NETWORK_MODEL
(DISTINCTIVENESS' Pure_Minirmum Cost_Flow_Problem_
Structure))
(AND: (NOT_EXIST ’Kilter_Method))
THEN  (Comnection_into_Chris_Method))
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(R2) X ool XAl 73 {{ lower_bounded_flow_constraint
IS-A : CONSTRAINT
{{ Pure_Minimum-Cost_Flow_Problem OPERATOR : GE
IS-A : NETWORK_MODEL LHS : (+flow_BOT)
DIRECTION : min RHS : (+lower_bounded_BOT)
OBIECTIVE : cost_flow UNIT_INDEX : flow_out_index flow_in_ondex
CONSTRAINT : amount_of_source_constraint(flow=real, DISTINCTIVENESS : lower_bounded_flow_constraint }}
with_gain=one) {{ upper_bounded_flow_constraint
amount_of_destination_constraint(flow IS-A : CONSTRAINT
=real, with_gain=one) OPERATOR : LE
amount_of_transfer_constraint(0, LHS : (+flow_BOT)
with_gain=one) RHS : (+upper_bounded_BOT)
lower_bounded_flow_constraint UNIT_INDEX : flow_out_index flow_in_ondex
upper_bounded_constraint DISTINCTIVENESS : upper_bounded_flow_constraint }}
DISTINCTIVENESS : {{ cost_flow_BOT
Pure_Minimum-Cost_Flow_Structure IS-A : BOT
SOLVER : }} ATTRIBUTE : cost_unit_flow
{{ amount_of_source_constraint(flow=real, with _gain=one) SUMMATION_INDEX : flow_out_index flow_in_index
— IS-A : CONSTRAINT DISTINCTIVENESS : cost_flow_BOT }}
OPERATOR : EQ {{ flow_out_BOT
LHS : (+flow_out_BOT) (-flow_in_BOT) IS-A : BOT
RHS : (+requirement_BOT) ATTRIBUTE : one flow_variable
UNIT_INDEX : source_index SUMMATION_INDEX : flow_out_index
DISTINCTIVENESS : amount_of_source_constraint }} DISTINCTIVENESS flow_out_BOT }}
{{ amount_of_destination_constraint(flow=real, with _gain=one) {{ flow_in_BOT
IS-A : CONSTRAINT IS-A : BOT
OPERATOR : EQ ATTRIBUTE : one flow_variable
LHS : (+flow_out_BOT) (-flow_in_BOT) SUMMATION_INDEX : flow_in_index
RHS : (-requirement_BOT) DISTINCTIVENESS : flow_in_BOT }}
UNIT_INDEX : destination_index {{ requirement_BOT
DISTINCTIVENESS : amount_of destination_constrain }) IS-A : BOT
{{ amount_of_transfer_constraint(0, with _gain=one) ATTRIBUTE : requirement
IS-A : CONSTRAINT SUMMATION_INDEX :
OPERATOR : EQ DISTINCTIVENESS : requirement_BOT }}
LHS : (+flow_out_BOT) (-flow_in_BOT) {{ flow_BOT ’
RHS : (0) IS-A : BOT
UNIT_INDEX : transfer_index ATTRIBUTE : one flow_variable

DISTINCTIVENESS : transfer_amount_constraint }} SUMMATION_INDEX :



DISTINCTIVENESS : flow_BOT }}
{{ lower_bounded_BOT

IS-A : BOT

ATTRIBUTE : lower_bounded

SUMMATION_INDEX :

DISTINCTIVENESS : lower_bounded_BOT }}
{{ upper_bounded BOT

IS-A : BOT

ATTRIBUTE : upper_bounded

SUMMATION_INDEX :

DISTINCTIVENESS : upper_bounded_BOT }}
{{ flow_variable

IS-A : VARIABLE

SYMBOL :

LINKED_INDEX : flow_out_index flow_in_index

DISTINCTIVENESS : decision_variable} }
{{ cost_unit_flow

IS-A : COEFFICIENT

SYMBOL :

LINKED_INDEX : flow_out_index flow_in_index

DISTINCTIVENESS : constant} }
{{ requirement

IS-A : COEFFICIENT

SYMBOL :

LINKED_INDEX : flow_out_index

DISTINCTIVENESS : constant }}
{{ one

IS-A : COEFFICIENT

SYMBOL :

LINKED_INDEX :

DISTINCTIVENESS : constant }}
{{ lower_bounded

IS-A : COEFFICIENT

SYMBOL :
LINKED_INDEX : flow_out_index flow_in_index
DISTINCTIVENESS : constant }}

{{ upper_bounded

IS-A : COEFFICIENT

SYMBOL :

LINKED_INDEX : flow_out_index flow_in_index
DISTINCTIVENESS : constant }}

{{ flow_out_index

IS-A : INDEX

SYMBOL :

LINKED_ATTRIBUTE :
DISTINCTIVENESS : network _index }}

{{ flow_in_index

IS-A : INDEX

SYMBOL :

LINKED_ATTRIBUTE :
DISTINCTIVENESS : network _index }}

{{ source_index

IS-A : INDEX

SYMBOL :

LINKED_ATTRIBUTE :
DISTINCTIVENESS : source_index }]

{{ destination_index

IS-A : INDEX

SYMBOL :

LINKED_ATTRIBUTE :
DISTINCTIVENESS : destination_index }}

{{ transfer_index

IS-A : INDEX

SYMBOL :

LINKED_ATTRIBUTE :
DISTINCTIVENESS : transfer_index |}



