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(57) ABSTRACT

A system and method for calibrating a simulation model
based on a framework. The system includes a calibration
parameter value generating processor configured to generate
a value of a first calibration parameter for calibrating micro-
data and a value of a second calibration parameter for
calibrating a simulating processor; an initial data generating
processor configured to determine a missing value of the
microdata based on the value of the first calibration param-
eter to generate 1nitial data; and the simulating processor
configured to simulate based on the 1imitial data and the value
of the second calibration parameter.
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SYSTEM AND METHOD FOR CALIBRATING
SIMULATION MODEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit

of Korean Patent Application No. 10-2018-0132575 filed 1n
the Korean Intellectual Property Office on Oct. 31, 2018, the
entire content of which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a system and
method for calibrating a simulation model based on a

framework.

2. Description of Related Art

[0003] When developing a simulation model, calibration
work 1s required to improve the accuracy of simulation
results.

[0004] The simulation model calibration 1s a process of

finding a calibration parameter value with high accuracy by
changing various calibration parameter values of the model.

SUMMARY OF THE INVENTION

[0005] According to an embodiment of the present disclo-
sure there 1s provided a system for calibrating a simulation
model based on a framework, the system including: a
calibration parameter value generating processor configured
to generate a value of a first calibration parameter for
calibrating microdata and a value of a second calibration
parameter for calibrating a simulating processor; an initial
data generating processor configured to determine a missing
value of the microdata based on the value of the first
calibration parameter to generate 1nitial data; and the simu-
lating processor configured to simulate based on the initial
data and the value of the second calibration parameter.

[0006] The imitial data generating processor may deter-
mine the missing value as one of 0, a mean value of one
column of the microdata, or a value having a highest
occurrence Irequency in one column of the microdata,
according to the value of the first calibration parameter

[0007] The system may further include a displaying pro-
cessor configured to visualize simulation results for the
value of the second calibration parameter.

[0008] The displaying processor may visualize the value
of the second calibration parameter, accuracy based on
results of comparison between the simulation results and
real data, and a frequency of occurrence of the value of the
second calibration parameter.

[0009] The system may further include an 1input processor
configured to receive a value of a third calibration parameter

from a user after the simulating.

[0010] The calibration parameter value generating proces-
sor may generate a value of a fifth calibration parameter
based on the initial data, the value of the second calibration
parameter, and the value of the third calibration parameter
when the value of the third calibration parameter 1s provided
to the input processor, and the simulating processor may
perform a simulation based on the value of the fifth cali-
bration parameter.
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[0011] The calibration parameter value generating proces-
sor may generate the value of the second calibration param-
eter based on results of comparison between simulation
results and real data.

[0012] According to an embodiment of the present disclo-
sure there 1s provided a system for calibrating a simulation
model based on a framework, the system including: a
calibration parameter value generating processor configured
to generate a value of a second calibration parameter for
calibrating a simulating processor; the simulating processor
configured to simulate based on the value of the second
calibration parameter; a displaying processor configured to
visualize simulation results for the value of the second
calibration parameter; and an input processor configured to
receive a value of a third calibration parameter from a user
after the simulating.

[0013] The calibration parameter value generating proces-
sor may generate a value of a fourth calibration parameter
based on the value of the second calibration parameter and
the value of the third calibration parameter when the value
of the third calibration parameter 1s provided to the input
processor, and the simulating processor may perform a
simulation based on the value of the fourth calibration
parameter.

[0014] According to an embodiment of the present disclo-
sure there 1s provided a method for calibrating a simulation
model based on a framework, the method including: gener-
ating a value of a first calibration parameter for calibrating
microdata and a value of a second calibration parameter for
calibrating a simulating processor; determining a missing
value of the microdata based on the value of the first
calibration parameter to generate 1nitial data; and perform-
ing a first simulation based on the initial data and the value
of the second calibration parameter.

[0015] The generating the value of the first calibration
parameter and the value of the second calibration parameter
may determine the missing value as 0, a mean value of one
column of the microdata, or a value having a highest
occurrence frequency in one column of the microdata,
according to the value of the first calibration parameter.

[0016] The method may further include visualizing simu-
lation results for the value of the second calibration param-
eter by a displaying processor, after the performing the first
simulation.

[0017] The method may further include generating a value
of a fifth calibration parameter based on the 1nitial data, the
value of the second calibration parameter, and a value of a
third calibration parameter when the value of the third
calibration parameter 1s provided from a user, and perform-
ing a second simulation based on the value of the fifth
calibration parameter, atter the visualizing.

[0018] The visualizing may visualize a vector value of the
second calibration parameter, accuracy based on results of
comparison between the simulation results and real data, and
a frequency of occurrence of the vector value of the second
calibration parameter.

[0019] According to an embodiment of the present disclo-
sure there 1s provided an apparatus for calibrating a simu-
lation model based on a framework, the apparatus including:
a processor and a memory, wherein the processor executes
a program stored 1n the memory to perform: generating a
value of a first calibration parameter for calibrating micro-
data and a value of a second calibration parameter for
calibrating a simulating processor; determining a missing
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value of the microdata based on the value of the first
calibration parameter to generate nitial data; and perform-
ing a first simulation based on the initial data and the value
of the second calibration parameter.

[0020] When the generating the value of the first calibra-
tion parameter and the value of the second calibration
parameter, the processor may perform determining the miss-
ing value as 0, a mean value of one column of the microdata,
or a value having a highest occurrence frequency in one
column of the microdata, according to the value of the first
calibration parameter.

[0021] The apparatus may 1nclude a user interface output
device including a displaying processor, wherein after the
performing the first stmulation, the processor performs visu-
alizing simulation results for the value of the second cali-
bration parameter through the user interface output device.

[0022] The apparatus may include a user interface nput
device including an input processor, wherein when a value
of a third calibration parameter 1s input from a user to the
user interface mput device, the processor performs generat-
ing a value of a fifth calibration parameter based on the
initial data, the value of the second calibration parameter,
and the value of the third calibration parameter, and per-
forming a second simulation based on the value of the fifth
calibration parameter.

[0023] When the visualizing, the processor performs visu-
alizing the value of the second calibration parameter, accu-
racy based on results of comparison between the simulation
results and real data, and a frequency of occurrence of the
value of the second calibration parameter through the user
interface output device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 1s a block diagram illustrating a system for
calibrating a simulation model using an integrated calibra-
tion method according to an exemplary embodiment.

[0025] FIG. 2 1s a table illustrating microdata according to
an exemplary embodiment.

[0026] FIG. 3 1s a table illustrating 1nitial data generated
based on a value of a first calibration parameter according to
an exemplary embodiment.

[0027] FIG. 4 1s a block diagram 1llustrating a system for
calibrating a simulation model based on an interactive
calibration framework according to an exemplary embodi-
ment.

[0028] FIG. S illustrates a screen of a displaying processor
according to an exemplary embodiment.

[0029] FIG. 6 1s a graph illustrating simulation results
according to an exemplary embodiment.

[0030] FIG. 7 1s a block diagram 1illustrating a system for
calibrating a simulation model based on an integrated and
iterative calibration framework according to an exemplary
embodiment.

[0031] FIG. 8 1s a table illustrating microdata of a simu-
lation for predicting housing price and housing volume
according to an exemplary embodiment.

[0032] FIG. 9 1s a graph illustrating results of a simulation
for predicting housing price and housing volume according
to an exemplary embodiment.

[0033] FIG. 10 1llustrates a screen showing results of a
simulation for predicting housing price and housing volume
according to an exemplary embodiment.
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[0034] FIG. 11 1s a flowchart illustrating a method for
calibrating a simulation model according to an exemplary
embodiment.

[0035] FIG. 12 1s a block diagram 1illustrating an apparatus
for calibrating a simulation model according to an exem-
plary embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0036] Hereinafter, exemplary embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings so that those skilled in the art may
casily practice the present disclosure. However, the present
disclosure may be modified 1n various different ways and 1s
not limited to embodiments described herein. In the accom-
panying drawings, portions unrelated to the description will
be omitted in order to obviously describe the present dis-
closure, and similar reference numerals will be used to
describe similar portions throughout the present specifica-
tion.

[0037] Throughout the present specification and the
claims, unless explicitly described to the contrary, the word
“comprise” and variations such as “comprises’ or “compris-
ing” will be understood to imply the inclusion of stated
clements but not the exclusion of any other elements.
[0038] FIG. 1 1s a block diagram 1llustrating a system for
calibrating a simulation model using an integrated calibra-
tion method according to an exemplary embodiment.
[0039] Referring to FIG. 1, a system for calibrating a
simulation model according to an exemplary embodiment
includes a calibration parameter value generating processor
11, an 1mitial data generating processor 12, and a simulating
processor 13.

[0040] Imtial data 1s required when performing simula-
tion, and the 1mitial data i1s generated based on microdata.
The microdata have missing values. If the missing values are
completely removed, the number of records of the microdata
required for the 1nitial data setting may be greatly reduced.
If the missing values are replaced with arbitrary values,
stmulation results that a modeler (i.e., developer) or a user
does not want may be generated. In order to solve this
problem, the present invention includes an 1nitial data gen-
eration process 1n a calibration area of the simulation model
by extracting calibration parameters 1n the 1nitial data gen-
eration process.

[0041] The calibration parameter value generating proces-
sor 11 generates a value of a first calibration parameter for
calibrating microdata and a value of a second calibration
parameter for calibrating the simulating processor 13.
[0042] The initial data generating processor 12 determines
a missing value 1n the microdata based on the value of the
first calibration parameter received from the calibration
parameter value generating processor 11 to generate initial
data. The first calibration parameter 1s not limited to the
parameter for determining the missing value. Granularity of
the 1nitial data or the number of attributes 1n the initial data
may be used as the first calibration parameter according to
the simulation.

[0043] The microdata may be real microdata, and the first
calibration parameter may be an initial data calibration
parameter set by the modeler (or user). The mnitial data
calibration parameter may take various forms depending on
types of the mitial data and characteristics of the simulation
model. The 1nitial data calibration parameter to be set by the
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modeler does not mean a value of a parameter for calibra-
tion, but mean variables. When the calibration parameter
variable 1s determined by the modeler, the calibration
parameter value generating processor 11 generates an opti-
mum parameter value through a previously stored calibra-
tion process.

[0044] FIG. 2 1s a table illustrating microdata according to
an exemplary embodiment.

[0045] Referring to FIG. 2, in microdata for generating
initial data of an agent-based simulation model, microdata of
the Attr]l column has missing values of the third and sixth
rows, and microdata of the Attr3 column has a missing value
of the fitth row.

[0046] The mitial data generating processor 12 may deter-
mines the missing value as one of 0, a mean value of one
column of the microdata, or a value having a highest
occurrence frequency in one column of the microdata,
according to the value of the first calibration parameter to
generate the mitial data. For example, the mitial data gen-
erating processor 12 may set Attrl, which 1s microdata
having missing values, to IP 1 (which 1s the first calibration
parameter). When a value of the first calibration parameter
1s 1 (1.e., when IP 1 1s 1), the 1nitial data generating processor
12 may set the missing values to 0. When IP 1 1s 2, the initial
data generating processor 12 may set the missing values to
3.5 (which 1s a mean value of Attrl). When IP 1 1s 3, the
initial data generating processor 12 may set the missing
values to 3.5 (which 1s a value having a highest occurrence
frequency 1n Attrl). The initial data generating processor 12
may set Attr3 to IP 2 which 1s a first calibration parameter,
different from the first calibration parameter for Attrl. When
IP 2 1s 1, the initial data generating processor 12 may set the
missing values to A (which 1s a default value of Attr3). When
IP 2 1s 2, the initial data generating processor 12 may set the
missing values to B (which 1s a value having a highest
occurrence frequency in Attr3).

[0047] The mitial data generated by the initial data gen-
erating processor 12 1s transmitted to the simulating proces-
sor 13.

[0048] FIG. 3 1s a table 1llustrating 1nitial data generated
based on a value of a first calibration parameter according to
an exemplary embodiment.

[0049] Referring to FIG. 3, when IP 1 and IP 2 (which are
the first calibration parameters) are 1 and 2, respectively, the
missing value of Attrl 1s set to 0, and the missing value of
Attr3 1s set to B.

[0050] There are various options in the process of gener-
ating 1nitial data using different types of microdata such as
Attrl and Attr3 described above. Options that are considered
when generating 1nitial data may be set to parameters such
that accuracy of calibration may be increased by using the
parameters to calibrate the simulation model.

[0051] The calibration parameter value generating proces-
sor 11 generates the value of the second calibration param-
eter based on the second calibration parameter stored in
advance. The second calibration parameter may be a model
calibration parameter set by the modeler (or user). The
model calibration parameter may be a calibration parameter
of the type used 1n the existing calibration method. The value
of the second calibration parameter may be a vector value
for the second calibration parameter. If the number of model
calibration parameters 1s m, the value of the second calibra-
tion parameter 1s as shown 1 Equation 1.

P=(v{, vy, V3, . . ., V,.), [Equation 1]
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[0052] where VJE{Valid values of j-th calibration
parameter}

[0053] The calibration parameter value generating proces-
sor 11 may generate P, . . ., P, which are vector values of
n second calibration parameters. The value of the second
calibration parameter generated by the calibration parameter
value generating processor 11 1s transmitted to the simulat-
ing processor 13. The calibration parameter value generating
processor 11 generates the value of the first calibration
parameter stored in advance by the modeler (or user), and
transmits the value of the first calibration parameter to the
initial data generating processor 12.

[0054] The simulating processor 13 performs simulation
based on the mnitial data and the value of the second
calibration parameter. Specifically, the simulating processor
13 may perform the simulation based on the 1nitial data and
the value of the n second correction parameters.

[0055] Adfter the simulation by the simulating processor
13, the calibration parameter value generating processor 11
performs an automatic calibration algorithm for comparing
between simulation results and real data to select an opti-
mum value of the second calibration. The automatic cali-
bration algorithm may result in a local optimum due to the
characteristics of the optimization technique. Because of
this, the automatic calibration algorithm may have difliculty
in providing the desired correction accuracy to the modeler.

[0056] A system for calibrating a simulation model using
an integrated calibration method according to an exemplary
embodiment may further include a memory module and a
processor module. The system for calibrating a simulation
model according to an exemplary embodiment can improve
simulation performance of the processor.

[0057] FIG. 4 1s a block diagram illustrating a system for
calibrating a simulation model based on an interactive
calibration framework.

[0058] A manual calibration 1s to calibrate the simulation
model by the modeler (or user) by directly changing values
of a calibration parameter, but it results 1n a long working
time and complex tasks. A system for calibrating a simula-
tion model based on an interactive calibration framework
according to an exemplary embodiment 1s a hybrid type of
system that combines automatic calibration and manual
calibration.

[0059] Referring to FIG. 4, a system for calibrating a
simulation model according to an exemplary embodiment
includes a calibration parameter value generating processor
41, a simulating processor 43, a displaying processor 44, and
an input processor 43.

[0060] The calibration parameter value generating proces-
sor 41 generates a value of a second calibration parameter
for calibrating the simulating processor 43.

[0061] Since the value of the second calibration parameter
1s the same as the value of the second calibration parameter
explained through the calibration parameter value generat-
ing processor 11, a detailed description will be omitted.

[0062] The value of the second calibration parameter
generated by the calibration parameter value generating
processor 41 1s transmitted to the simulating processor 43.

[0063] The simulating processor 43 performs simulation
based on the value of the second calibration parameter. The
simulating processor 43 may perform the simulation based
on the value of the n second correction parameters. Simu-
lation results are transmitted to the displaying processor 44.
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[0064] The displaying processor 44 visualizes the simu-
lation results for the value of the second calibration param-
eter. The displaying processor 44 may be a calibration
parameter status visualizer, and may be guide the modeler
(or user) to generate a value of a new parameter. For
example, the displaying processor 44 may visualize values
of the calibration parameter that are already simulated and
the results thereof, or may visualize information of values
that are generated according to parameters.

[0065] FIG. 5 illustrates a screen of a displaying processor
according to an exemplary embodiment, and FIG. 6 1s a
graph 1llustrating simulation results according to an exem-
plary embodiment.

[0066] Referring to FIG. 5, the displaying processor 44
may visualize the value of the second calibration parameter,
accuracy based on results of comparison between the simu-
lation results and real data, and a frequency of occurrence of
the value of the second calibration parameter.

[0067] Specifically, such as in an upper right screen 51, the
displaying processor 44 may visualize the accuracy based on
results of comparison between the simulation results and
real data, and may visualize a vector value of the related
calibration parameter.

[0068] Such as 1n a top left screen 52, the displaying
processor 44 may visualize simulated calibration parameter
value vectors and candidate calibration parameter value
vectors. A vector value of the second calibration parameter
P1 (which 1s already simulated), simulation results Ri1, and
accuracy accl may be displayed in a Stmulated Calibration
Parameter Value Vectors tab 52a. When the modeler (or
user) clicks on the record of P1, the displaying processor 44
may visualize the detailed simulation results as shown in
FIG. 6. Vector values of the candidate parameters to be
simulated may be displayed in a Candidate Calibration
Parameter Value Vectors tab 52b.

[0069] Such as in a lower lett screen 53, the displaying
processor 44 may visualize the Status of Parameters indi-
cating the frequency of occurrence of the value of a cali-
bration parameter. When a value of 0 1s not generated in
model_cal_parameter]l and a value 1s generated only 1n other
parameters, a vector value of the calibration parameter may
be made when model_cal_parameter] 1s O.

[0070] Such as 1n a bottom right screen 54, the displaying
processor 44 may visualize the frequency of occurrence of
the value of a calibration parameter, similar to the Status of
Parameters. When the modeler (or user) selects two dimen-
sions, the displaying processor 44 may visualize the fre-
quency of occurrence of the value of a calibration parameter
for the two dimensions.

[0071] The input processor 45 may receive a value of a
third calibration parameter from the modeler (or user) after
the simulation. The value of the third calibration parameter
1s a vector value of a new calibration parameter received
from the modeler (or user). The modeler (or user) may add
the vector value of the new calibration parameter through
the 1input processor 45 after confirming the visualized screen
in the displaying processor 44.

[0072] When the vector value of the new calibration
parameter 1s not provided to the mput processor 45, the
displaying processor 44 may visualize a vector value having
the highest accuracy among the vector values of the cali-
bration parameters that 1s performed thus far, on the screen.

[0073] After the simulation, the calibration parameter
value generating processor 41 selects a vector value of the
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calibration parameter having the highest accuracy with
respect to the simulation results among vector values of all
the calibration parameters. When the value of the third
calibration parameter, which 1s the vector value of the new
calibration parameter input by the modeler (or user), 1s not
provided to the input processor 45, the calibration parameter
value generating processor 41 may select a vector value of
an n/2 calibration parameter, wherein the n i1s a natural
number. When the value of the third calibration parameter,
which 1s the vector value of the new calibration parameter
input by the modeler (or user), 1s provided to the nput
processor 45, the calibration parameter value generating
processor 41 may select a vector value of a (n-3k)/2
calibration parameter, wherein the n 1s a natural number.

[0074] The calibration parameter value generating proces-
sor 41 may generate a vector value of a new calibration
parameter for each of the vector values of the calibration
parameter selected above through the following process.

[0075] When the vector value of the selected calibration
parameter 1s equal to Equation 2 when the value of the third
calibration parameter, which 1s the vector value of the new
calibration parameter input by the modeler (or user), 1s not
provided,

P=(vi, vy, ..., V,...,V,) [Equation 2]

J
[0076] The calibration parameter value generating proces-
sor 41 may select an arbitrary calibration column j, and
generate a vector value of the calibration parameter such as
in Equation 3 for the selected j.

P'=(v, vy, ..., Vd, ... V,), PlEW, v, o
vi—d,, v, [Equation 3]
[0077] where d =increment of j-th calibration parameter

[0078] When the simulating has already been performed
on the vector value of the existing calibration parameter, the
calibration parameter value generating processor 41 may
generate another value j. Otherwise, the calibration param-
eter value generating processor 41 may add a vector value of
the calibration parameter such as in Equation 4 to the vector
value list of the calibration parameter to be newly simulated.

P'=(vy, vy, . . ., vtd, ..., V), £ =V, vy, ...,
vi—d, v,) [Equation 4]
[0079] When the value of the third calibration parameter,

which 1s the vector value of the new calibration parameter
input by the modeler (or user), 1s provided to the nput
processor 45, the calibration parameter value generating
processor 41 may generate a value of a fourth calibration
parameter based on the value of the second calibration
parameter and the value of the third calibration parameter,
and the simulating processor 43 may perform a simulation
based on the value of the fourth calibration parameter.

[0080] Specifically, when the vector value of the new
calibration parameter mnput by the modeler (or user) (user-
generated parameter value vector) 1s equal to Equation 1, the
calibration parameter value generating processor 41 may
select an arbitrary calibration column j, and generate a
vector value of the calibration parameter such as in Equation
4 for the selected j.

[0081] When the simulating has already been performed
on the vector value of the existing calibration parameter, the
calibration parameter value generating processor 41 may
generate another value 3. Otherwise, the calibration param-
eter value generating processor 41 may add a vector value of
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the calibration parameter such as 1n Equation 5 to the vector
value list of the calibration parameter to be newly simulated.

P=(v, v, . . ., Vi v vy V) B=(v, v, o1, v+d,
vm)a
Pl=v, vo, .. ., Vieds, o, V) [Equation 5]
[0082] The calibration parameter value generating proces-

sor 41 may generate only one calibration column j at the
time of generating the vector value of the calibration param-
eter as described above. In another exemplary embodiment,
the calibration parameter value generating processor 41 may
generate any two calibration columns j, k and generate a
vector value of the calibration parameter such as 1n Equation

6.

P'=(v, v5, ..., vitd, . .., v,.), P'=(vi, v5, ...,
vi~dy, . . ., v, [Equation 6]
[0083] The system for calibrating a simulation model

based on an interactive calibration framework according to
an exemplary embodiment may further include a memory
module and a processor module. The system for calibrating
a simulation model based on an interactive calibration
framework according to an exemplary embodiment can
improve simulation performance of the processor.

[0084] FIG. 7 1s a block diagram 1llustrating a system for
calibrating a simulation model based on an integrated and
iterative calibration framework according to an exemplary
embodiment.

[0085] Referring to FIG. 7, the system for calibrating a
simulation model based on an integrated and iterative cali-
bration framework according to an exemplary embodiment
includes a calibration parameter value generating processor
71, an 1mtial data generating processor 72, a simulating
processor 73, a displaying processor 74, and an input
processor 73.

[0086] The calibration parameter value generating proces-
sor 71 generates a value of a first calibration parameter for
calibrating microdata and a value of a second calibration
parameter for the calibrating simulating processor 73. Since
the values of the first calibration parameter and the second
calibration parameter are equal to the values of the first
calibration parameter and the second calibration parameter
described through the calibration parameter value generat-
ing processor 11 and the 1nitial data generating processor 12,
detailed description thereot will be omitted. The value of the
first calibration parameter generated by the calibration
parameter value generating processor 71 1s transmitted to the
initial data generating processor 72, and the value of the
second calibration parameter generated by the calibration
parameter value generating processor 71 1s transmitted to the
simulating processor 73.

[0087] The initial data generating processor 72 determines
a missing value of the microdata based on the value of the
first calibration parameter received from the calibration
parameter value generating processor 71 to generate initial
data. The mitial data generating processor 72 may generate
n mitial data. Since the 1nitial data generation module 72 1s
the same as the mmitial data generating processor 12
described above, detailed description of determining the
missing value will be omatted.

[0088] The simulating processor 73 may perform simula-
tion based on the n 1nitial data and the value of the n second
calibration parameters. Simulation results are transmitted to
the displaying processor 74.
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[0089] The displaying processor 74 visualizes the simu-
lation results for the value of the second calibration param-
eter. The modeler (or user) may stop the calibration opera-
tion after performing various analyses through the
displaying processor 74, or may perform the simulation
again by adding the value of the third calibration parameter,
which 1s the vector value of the new calibration parameter,
or may perform the simulation again without adding the
vector value of the new calibration parameter.

[0090] The displaying processor 74 1s the same as the
displaying processor 44 described above, so detailed
description thereof will be omuitted.

[0091] The 1mput processor 75 may receive a value of a
third calibration parameter from the modeler (or user) after
the simulation. Since the mput processor 75 1s the same as
the 1nput processor 45 described above, detailed description
thereof will be omuatted.

[0092] After the simulation, the calibration parameter
value generating processor 71 may generate a value of a fifth
calibration parameter based on the 1mitial data, the value of
the second calibration parameter, and the value of the third
calibration parameter when the value of the third calibration
parameter 1s provided to the input processor 75. Specifically,
the calibration parameter value generating processor 71 may
generate the value of the fifth calibration parameter such as
in Equation 7 based on the initial data, the value of the
second calibration parameter, and the value of the third
calibration parameter.

P.=(model_cal_parameter,, model_cal_parameter,, . .
., 1nitial_data_cal_parameter,, initial_data_cal_

parameter,, . . . ) [Equation 7]

[0093] The simulating processor 73 performs simulation
based on the value of the fifth calibration parameter.
[0094] The system {for calibrating a simulation model
based on an integrated and iterative calibration framework
according to an exemplary embodiment may further include
a memory module and a processor module. The system for
calibrating a simulation model based on an integrated and
iterative calibration framework according to an exemplary
embodiment can improve simulation performance of the
Processor.

[0095] FIG. 8 1s a table illustrating microdata of a simu-
lation for predicting housing price and housing volume
according to an exemplary embodiment, FIG. 9 1s a graph
illustrating results of a simulation for predicting housing
price and housing volume according to an exemplary
embodiment, and FIG. 10 illustrates a screen showing
results of a simulation for predicting housing price and
housing volume according to an exemplary embodiment.
[0096] In order to generate 1nitial data of each agent in the
agent-based housing price and housing volume prediction
stimulation, microdata 1s required. The microdata for the
simulation for predicting housing price and housing volume

1s shown 1n FIG. 8.

[0097] Referring to FIG. 8, among the Age, Gender,
Education, Asset, and Salary columns, microdata of the
Education column has a missing value of the third row.
According to the system for calibrating a simulation model
based on an integrated and iterative calibration framework,
the calibration parameter value generating processor 71 may
generate a value of a first calibration parameter which 1s set
to mitial_data_cal_parameter]l by the modeler (or user) and
a value of a second calibration parameter for the calibrating
simulating processor 73. The imitial data generating proces-
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sor 72 may determine a missing value of the microdata based
on the value of the imtial_data_cal_parameter]l (i.e., the
value of the first calibration parameter) received from the
calibration parameter value generating processor 71. When
the value of mitial_data_cal_parameterl which 1s the first
calibration parameter, 1s 1, the initial data generating pro-
cessor 72 may set the missing value to a university graduate,
which 1s the highest occurrence frequency in the Education
column. When the value of mitial_data_cal_parameterl i1s 2,
the 1nitial data generating processor 72 may set the missing
value to an elementary school graduate, which 1s a default
value 1n the Education column. When the value of initial
data_cal_parameter] 1s 3, the mnitial data generating proces-
sor 72 may set the missing value to lower than the elemen-
tary school graduate when the age 1s over 60 years old, may
set the missing value to a high school graduate when the age
1s over 40 years old, and may set the missing value to a
university graduate when the age 1s over 25 years old.
[0098] In a simulation model for predicting housing price
and housing volume, the probability of purchasing a house
in the metropolitan area (model_cal_parameter]l) and the
probability of buying a house in a non-metropolitan area
(model_cal_parameter2) may be set as model calibration
parameters. The model_cal_parameter]l and the model_cal_
parameter2 may include {0, 0.1, 0.2, . . ., 1}. The scale of
the model_cal_parameter] and the model_cal_parameter2
may vary depending on the setting. The simulating processor
73 may perform simulation based on the mnitial data and the
value of the second calibration parameter.

[0099] Referring to FIG. 9, the displaying processor 74
may output the results of a simulation for predicting housing
price and housing volume indicating the housing volume
and the housing price by steps.

[0100] A method for calculating accuracy of the simula-
tion 1s shown 1n Equation 8.

Z {(Volume; — Volumé,)* + (Price; — Pricel)*} [Equation 8]

[0101] Volume; represents the real estate volume 1n an 1
step, Volume,
[0102] represents the simulated housing volume 1n the 1

step, Price, represents the real housing price in the 1 step, and
Price' represents the simulated housing price in the 1 step.
[0103] If the vector value of the calibration parameter
generated by the calibration parameter value generating
processor 71 after the simulation 1s equal to Equation 9, the
displaying processor 74 outputs a screen as shown in FIG.

10.

(P.=(model_cal_parameterl, model_cal_parameter2,
initial_data_cal_parameterl))

P1:(0> 07 2)
P.=(0.1, 0.1, 2)
P,=(0.1, 0.1, 1)

P,=(0.1, 0.2, 3)

[0104] Referring to FIG. 10, a frequency of occurrence of
each vector value of each calibration parameter may be
displayed in a Status of Parameters tab 103. Since a fre-
quency of occurrence of 01s 1 and a frequency of occurrence
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of 0.1 1s 3 in the model_cal_parameter]l the frequency of
occurrence may be displayed as the tab 103. The frequencies
of occurrence of the model_cal_parameter] and the model_
cal_parameter2 may be simultaneously displayed on a Cali-
bration Parameter Map tab 104. Since the frequency of
occurrence 1s 2 when the values of the model_cal_param-
eter]l and model_cal_parameter2 are 0.1, 2 indicating the
frequency of occurrence may be displayed in the tab 104.

[0105] The mput processor 75 may receive a value of a
third calibration parameter from the modeler (or user) after
the simulation. After the simulation, the calibration param-
eter value generating processor 71 may generate a value of
a fifth calibration parameter based on the imitial data, the
value of the second calibration parameter, and the value of
the third calibration parameter when the value of the third
calibration parameter 1s provided to the input processor 75.

[0106] The system and method for calibrating a simulation
model according to the present invention may be applied not
only to the housing described above, but also to real estate
such as land and various other simulation fields.

[0107] FIG. 11 1s a flowchart illustrating a method for

calibrating a simulation model according to an exemplary
embodiment.

[0108] Referring to FIG. 11, a method for calibrating a
simulation model according to an exemplary embodiment
includes generating a value of a first calibration parameter
for calibrating microdata and a value of a second calibration
parameter for calibrating a simulating processor (S100),
determining a missing value of the microdata based on the
value of the first calibration parameter to generate initial
data (5200), and performing a first simulation based on the

initial data and the value of the second calibration parameter
(S300).

[0109] The generating the value of the first calibration
parameter and the value of the second calibration parameter
(S100) may determine the missing value as 0, a mean value
of one column of the microdata, or a value having a highest
occurrence Irequency in one column of the microdata,
according to the value of the first calibration parameter.

[0110] After the performing the first simulation (S300),
the method may further include visualizing simulation
results for the value of the second calibration parameter by
a displaying processor (S400).

[0111] Adfter the visualizing (S400), the method may fur-
ther include generating a value of a fifth calibration param-
eter based on the initial data, the value of the second
calibration parameter, and a value of a third calibration
parameter when the value of the third calibration parameter
1s provided from a user (S500), and performing a second
simulation based on the value of the fifth calibration param-
eter (S600). The second simulation (S600) may not be
performed only once, but may be repeated several thousands
of times 1n some cases. I the user intervenes in the process
of repeating the simulation, the third calibration parameter
may be included. If the user does not intervene, the third
calibration parameter may not be included. Because the
simulation process takes a long time, the user may check the
calibration status through the UI and intervene 1n the middle.

[0112] The visualizing (S400) may visualize a plurality of
vector values of the second calibration parameter, accuracy
based on results of comparison between the simulation
results and real data, and a frequency of occurrence of the
vector value of the second calibration parameter.
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[0113] The generating the value of the first calibration
parameter and the value of the second calibration parameter
(S100), the generating 1nitial data (S200), the performing a
first simulation (S300), the visualizing the stmulation results
(S400), and the performing a second simulation (S600) are
the same as the operating of the calibration parameter value
generating processors 11, 41, and 71, the 1nitial data gener-
ating processors 12 and 72, the simulating processors 13, 43,
and 73, the displaying processors 44 and 74, and the nput
processors 45 and 75, so detailed description will be omit-
ted.

[0114] FIG. 12 1s a block diagram illustrating an apparatus
for calibrating a simulation model according to an exem-
plary embodiment.

[0115] An apparatus for calibrating a simulation model
according to an exemplary embodiment may be imple-
mented 1n a computer system, e.g., as a computer readable
medium. As shown 1n in FIG. 12, a computer system 700
may 1nclude one or more of a processor 710, a memory 730,
a user interface mput device 760, a user interface output
device 770, and a storage 780, each of which communicates
through a bus 720. The computer system 700 may also
include a network interface 790 that 1s coupled to a network.
The processor 710 may be a central processing unit (CPU)
or a semiconductor device that executes processing mnstruc-
tions stored in the memory 730 and/or the storage 780. The
memory 730 and the storage 780 may include various forms
of volatile or non-volatile storage media. For example, the
memory may include a read-only memory (ROM) 731 and
a random access memory (RAM) 732. Accordingly, an
embodiment of the invention may be implemented as a
computer implemented method or as a non-transitory com-
puter readable medium with computer executable 1nstruc-
tions stored thereon. In an embodiment, when executed by
the processor, the computer readable 1nstructions may per-
form a method according to at least one aspect of the
invention.

[0116] The apparatus for calibrating a simulation model
according to an exemplary embodiment includes the pro-
cessor 710 and the memory 730, the processor 710 executes
a program stored in the memory to generate a value of a first
calibration parameter for calibrating microdata and a value
of a second calibration parameter for calibrating a simulat-
ing processor, determine a missing value of the microdata
based on the value of the first calibration parameter to
generate 1mitial data, and perform a first simulation based on
the iitial data and the value of the second calibration
parameter.

[0117] When generating the value of the first calibration
parameter and the value of the second calibration parameter,
the processor 710 may determine the missing value as 0, a
mean value of one column of the microdata, or a value
having a highest occurrence frequency in one column of the
microdata, according to the value of the first calibration
parameter.

[0118] The user interface output device 770 may include a
displaying processor 771. After the performing of the first
simulation, the processor 710 may perform visualizing
simulation results for the value of the second calibration
parameter through the user interface output device 770.

[0119] The user interface input device 760 may include an
iput processor 761. When a value of a third calibration
parameter 1s mput from a user to the user interface input
device 760, the processor 710 may generate a value of the
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fifth calibration parameter based on the initial data, the value
of the second calibration parameter, and the value of the
third calibration parameter, and perform a second simulation
based on the value of the fifth calibration parameter.

[0120] When the visualizing, the processor 710 may per-
form visualizing of the value of the second calibration
parameter, accuracy based on results of comparison between
the simulation results and real data, and a frequency of
occurrence of the value of the second calibration parameter
through the user interface output device 770.

[0121] The user intertace input device 760 may receive the
value of the first calibration parameter and the value of the
second calibration parameter from the modeler (or user).
The storage 780 may store the microdata, the value of the
first calibration parameter, and the value of the second
calibration parameter.

[0122] Simulation performance of the processor 710 of the
apparatus for calibrating a simulation model can be
improved by performing the generating a value of a first
calibration parameter for calibrating microdata and a value
of a second calibration parameter for calibrating the simu-
lating processor, the determining a missing value of the
microdata based on the value of the first calibration param-
eter to generate i1mtial data, and the performing a first
simulation based on the imitial data and the value of the
second calibration parameter.

[0123] While this invention has been described 1n connec-
tion with what 1s presently considered to be practical exem-
plary embodiments, it 1s to be understood that the invention
1s not limited to the disclosed embodiments, but, on the
contrary, 1s mtended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What 1s claimed 1s:

1. A system for calibrating a simulation model based on
a framework, comprising:

a calibration parameter value generating processor con-
figured to generate a value of a first calibration param-
eter for calibrating microdata and a value of a second
calibration parameter for calibrating a simulating pro-
CEeSSOr;

an 1nitial data generating processor configured to deter-
mine a missing value of the microdata based on the
value of the first calibration parameter to generate
initial data; and

the simulating processor configured to simulate based on
the 1mitial data and the value of the second calibration
parameter.

2. The system of claim 1, wherein the initial data gener-
ating processor determines the missing value as one of 0, a
mean value of one column of the microdata, or a value
having a highest occurrence frequency in one column of the
microdata, according to the value of the first calibration
parameter.

3. The system of claim 1, further comprising a displaying
processor configured to visualize simulation results for the
value of the second calibration parameter.

4. The system of claim 3, wherein the displaying proces-
sor visualizes the value of the second calibration parameter,
accuracy based on results of comparison between the simu-
lation results and real data, and a frequency of occurrence of
the value of the second calibration parameter.
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5. The system of claim 1, further comprising an input
processor configured to receive a value of a third calibration
parameter from a user after the simulating.

6. The system of claim 5, wherein:

the calibration parameter value generating processor gen-
erates a value of a fifth calibration parameter based on
the 1nitial data, the value of the second calibration
parameter, and the value of the third calibration param-
eter when the value of the third calibration parameter 1s
provided to the input processor, and

the simulating processor performs a simulation based on
the value of the fifth calibration parameter.

7. The system of claim 1, wherein the calibration param-
eter value generating processor generates the value of the
second calibration parameter based on results of comparison
between simulation results and real data.

8. A system for calibrating a simulation model based on
a framework, comprising:

a calibration parameter value generating processor con-
figured to generate a value of a second calibration
parameter for calibrating a simulating processor;

the simulating processor configured to simulate based on
the value of the second calibration parameter;

a displaying processor configured to visualize simulation
results for the value of the second calibration param-
eter; and

an 1nput processor configured to receive a value of a third
calibration parameter from a user after the simulating.

9. The system of claim 8, wherein:

the calibration parameter value generating processor gen-
erates a value of a fourth calibration parameter based
on the value of the second calibration parameter and the
value of the third calibration parameter when the value
of the third calibration parameter 1s provided to the
input processor, and

the simulating processor performs a simulation based on
the value of the fourth calibration parameter.

10. A method for calibrating a simulation model based on

a framework, comprising;

generating a value of a first calibration parameter for
calibrating microdata and a value of a second calibra-
tion parameter for calibrating a simulating processor;

determining a missing value of the microdata based on the
value of the first calibration parameter to generate
initial data; and

performing a first simulation based on the 1nitial data and
the value of the second calibration parameter.

11. The method of claim 10, wherein the generating the
value of the first calibration parameter and the value of the
second calibration parameter determines the missing value
as 0, a mean value of one column of the microdata, or a value
having a highest occurrence frequency in one column of the
microdata, according to the value of the first calibration
parameter.

12. The method of claim 10, further comprising visual-
1zing simulation results for the value of the second calibra-
tion parameter by a displaying processor, after the perform-
ing the first simulation.

13. The method of claim 12, further comprising generat-
ing a value of a fifth calibration parameter based on the
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initial data, the value of the second calibration parameter,
and a value of a third calibration parameter when the value
of the third calibration parameter 1s provided from a user,
and performing a second simulation based on the value of
the fifth calibration parameter, after the visualizing.

14. The method of claim 12, wherein the visualizing
visualizes a vector value of the second calibration parameter,
accuracy based on results of comparison between the simu-
lation results and real data, and a frequency of occurrence of
the vector value of the second calibration parameter.

15. An apparatus for calibrating a simulation model based
on a framework, comprising;:

a processor and a memory,

wherein the processor executes a program stored in the
memory to perform:

generating a value of a first calibration parameter for
calibrating microdata and a value of a second calibra-
tion parameter for calibrating a simulating processor;

determining a missing value of the microdata based on the
value of the first calibration parameter to generate
initial data; and

performing a first simulation based on the initial data and
the value of the second calibration parameter.

16. The apparatus of claim 15, wherein when the gener-
ating the value of the first calibration parameter and the
value of the second calibration parameter, the processor
performs determinming the missing value as 0, a mean value
of one column of the microdata, or a value having a highest
occurrence Irequency in one column of the microdata,
according to the value of the first calibration parameter.

17. The apparatus of claim 15, further comprising a user
interface output device including a displaying processor,

wherein after the performing the first simulation, the
processor pertorms visualizing simulation results for
the value of the second calibration parameter through
the user intertace output device.

18. The apparatus of claim 17, further comprising a user
interface mput device including an input processor,

wherein when a value of a third calibration parameter 1s
input from a user to the user interface input device, the
processor performs generating a value of a fifth cali-
bration parameter based on the initial data, the value of
the second calibration parameter, and the value of the
third calibration parameter, and performing a second
simulation based on the value of the fifth calibration
parameter.

19. The apparatus of claim 17, wherein when the visual-
1zing, the processor performs visualizing the value of the
second calibration parameter, accuracy based on results of
comparison between the simulation results and real data, and
a frequency of occurrence of the value of the second
calibration

parameter through the user interface output device.
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