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DETERMINATION OF A PLACEMENT MODE
OF AN OBJECT IN A MULTIPLICITY OF
STORAGE AREAS

BACKGROUND

[0001] The present disclosure relates to assortment and
placement of physical object (for example, an item for sale in
s store) within a physical storage space (for example, the
shelves of the store), and more specifically, to determination
of a placement mode multiplicity (that is, plurality) for plac-
ing physical objects.

[0002] Generally, there are multiplicity many shelves
placed in a store, and each shelf can include a multiplicity of
fixtures for placing various objects to be purchased by cus-
tomers. The placement mode ofthe objects on the shelves (for
example, in which fixtures the objects are placed) may affect
sale volumes of the objects. For example, for a same kind of
objects, they can be paid attention to more easily and thereby
may have a greater sale volume when they are placed in
fixtures near a customer’s eyes as compared with when they
are placed in fixtures near the customer’s feet. In addition,
there are typically many kinds of objects sold in the store. For
a certain placement mode, although sale volumes of some
objects decline, sale volumes of other objects increases, and
as a result, a final revenue of the store increases; whereas for
another placement mode, the situation is opposite. Therefore,
it is necessary to properly determine the placement mode of
the objects in the fixtures, for example, to determine in which
fixtures the objects are placed, and corresponding numbers of
the objects to be placed.

[0003] Conventionally, a staff in the store determines the
placement mode of various objects empirically.

SUMMARY

[0004] According to an aspect of the present invention,
there is a method, computer program product and/or system
that performs the following operations (not necessarily in the
following order): (i) determining attraction factors respec-
tively corresponding to a plurality of storage areas of a stor-
age space, with each attraction factor indicating how strongly
the corresponding storage area attracts attention of a cus-
tomer; and (ii) determining the placement mode a first kind of
objects in a first storage area of the plurality of storage areas
based, at least in part, on the attraction factors of the plurality
of storage areas.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Through the more detailed description of some
embodiments of the present disclosure in the accompanying
drawings, the above and other objects, features and advan-
tages of the present disclosure will become more apparent,
wherein the same reference generally refers to the same com-
ponents in the embodiments of the present disclosure.
[0006] FIG. 1 shows computer system/server 12 which is
applicable to implement the embodiments of the present
invention;

[0007] FIG. 2 is a flow chart of a method for determining a
placement mode of at least one kind of objects in a multiplic-
ity of storage areas according to an embodiment of the present
disclosure; and

[0008] FIG. 3 is a block diagram of an apparatus for deter-
mining a placement mode of at least one kind of objects in a
multiplicity of storage areas according to an embodiment of
the present disclosure.
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DETAILED DESCRIPTION

[0009] Some embodiments of the present invention may
recognize that conventional methods for placing physical
objects in a storage space are typically: (i) entirely dependent
on personal experience; (ii) not scientific; (iii) error prone
especially for a staff who does not have much experience; (iv)
can take very long time to determine the placement mode of
the objects by using this method, which is low in efficiency;
and/or (v) lead to an improper placement mode of the objects
that reduces utilization efficiency of the fixtures and in turn
affect the sale volumes of the objects.

[0010] Someembodiments ofthe present invention may: (i)
scientifically analyze a relationship between the objects and
the fixtures where the objects are placed; (ii) efficiently deter-
mine the proper placement mode of the objects in the fixtures;
(iii) provide a method and an apparatus for determining a
placement mode of at least one kind of objects in a multiplic-
ity of storage areas; and/or (iv) scientifically and efficiently
determine a proper placement mode of the objects in fixtures.
[0011] “Storage area” is hereby defined as any meaningful
sub-set of the space in a storage space, without regard to
whether the storage area is physically contiguous and/or uni-
tary; a storage area may, or may not, be defined by hardware
structures, such as shelves, racks and space dividers.

[0012] According to an aspect of the present disclosure,
there is provided a method for determining a placement mode
ofatleast one kind of objects in a multiplicity of storage areas,
including the following operations (not necessarily in the
following order): (i) determining attraction factors of the
multiplicity of storage areas, an attraction factor of each stor-
age area indicating a capability that the storage area attracts
attention of a customer; (ii) determining a spatial elasticity
factor of the at least one kind of objects, a spatial elasticity
factor of each kind of objects indicating an impact of a change
of'the storage areas where the kind of objects are placed on an
attention degree of the kind of objects; and (iii) determining
the placement mode of the least one kind of objects in the
multiplicity of storage areas, at least according to the attrac-
tion factors of the multiplicity of storage areas and the spatial
elasticity factor of the at least one kind of objects.

[0013] According to another aspect of the present disclo-
sure, there is provided an apparatus for determining a place-
ment mode of at least one kind of objects in a multiplicity of
storage areas, including: (i) an attraction factor determining
device, configured to determine attraction factors of the mul-
tiplicity of storage areas, an attraction factor of each storage
area indicating a capability that the storage area attracts atten-
tion of a customer; (ii) an elasticity factor determining device,
configured to determine a spatial elasticity factor of the at
least one kind of objects, a spatial elasticity factor of each
kind of objects indicating an impact of a change of the storage
areas where the kind of objects are placed on an attention
degree of the kind of objects; and (iii) a placement mode
determining device, configured to determine the placement
mode of the at least one kind of objects in the multiplicity of
storage areas, at least according to the attraction factors of the
multiplicity of storage areas and the spatial elasticity factor of
the at least one kind of objects.

[0014] Someembodiments according to the present disclo-
sure can automatically determine the placement mode of the
objects in the multiplicity of storage areas, based on a corre-
lation between the multiplicity of storage areas (for example,
the fixtures described above) and the attention degree of the
objects as well as the impact of the change of placement
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positions of the objects on the attention degree of the objects,
s0 as to determine the proper placement mode of the objects
scientifically and efficiently, reduce a probability of making
errors when determining the placement mode of the objects,
and improve utilization efficiency of the storage areas.
[0015] Some embodiments will be described in more detail
with reference to the accompanying drawings, in which some
embodiment(s) of the present disclosure have been illus-
trated. However, the present disclosure can be implemented
in various ways, and thus should not be construed to be
limited to the embodiments disclosed herein. On the contrary,
those embodiments are provided for the thorough and com-
plete understanding of the present disclosure, and completely
conveying the scope of the present disclosure to those skilled
in the art.

[0016] Referring now to FIG. 1, in which computer system/
server 12 which is applicable to implement the embodiments
of'the present invention is shown. Computer system/server 12
is only illustrative and is not intended to suggest any limita-
tion as to the scope of use or functionality of embodiments of
the invention described herein.

[0017] As shown in FIG. 1, computer system/server 12 is
shown in the form of a general-purpose computing device.
The components of computer system/server 12 may include,
but are not limited to, one or more processors or processing
units 16, a system memory 28, and a bus 18 that couples
various system components including system memory 28 to
processor 16.

[0018] Bus 18 represents one or more of any of several
types of bus structures, including a memory bus or memory
controller, a peripheral bus, an accelerated graphics port, and
a processor or local bus using any of a variety of bus archi-
tectures. By way of example, and not limitation, such archi-
tectures include Industry Standard Architecture (ISA) bus,
Micro Channel Architecture (MCA) bus, Enhanced ISA
(EISA) bus, Video Electronics Standards Association
(VESA) local bus, and Peripheral Component Interconnect
(PCI) bus.

[0019] Computer system/server 12 typically includes a
variety of computer system readable media. Such media may
be any available media that is accessible by computer system/
server 12, and it includes both volatile and non-volatile
media, removable and non-removable media.

[0020] System memory 28 can include computer system
readable media in the form of volatile memory, such as ran-
dom access memory (RAM) 30 and/or cache memory 32.
Computer systeny/server 12 may further include other remov-
able/non-removable, volatile/non-volatile computer system
storage media. By way of example only, storage system 34
can be provided for reading from and writing to a non-remov-
able, non-volatile magnetic media (not shown and typically
called a “hard drive”). Although not shown, a magnetic disk
drive for reading from and writing to a removable, non-vola-
tile magnetic disk (for example, a “floppy disk”), and an
optical disk drive for reading from or writing to a removable,
non-volatile optical disk such as a CD-ROM, DVD-ROM or
other optical media can be provided. In such instances, each
can be connected to bus 18 by one or more data media inter-
faces. As will be further depicted and described below,
memory 28 may include at least one program product having
a set (for example, at least one) of program modules that are
configured to carry out the functions of embodiments of the
invention.

[0021] Program/utility 40, having a set (at least one) of
program modules 42, may be stored in memory 28 by way of
example, and not limitation, as well as an operating system,
one or more application programs, other program modules,
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and program data. Each of the operating system, one or more
application programs, other program modules, and program
data or some combination thereof, may include an implemen-
tation of a networking environment. Program modules 42
generally carry out the functions and/or methodologies of
embodiments of the invention as described herein.

[0022] Computer system/server 12 may also communicate
with one or more external devices 14 such as a keyboard, a
pointing device, a display 24, etc.; one or more devices that
enable a user to interact with computer system/server 12;
and/or any devices (for example, network card, modem, etc.)
that enable computer system/server 12 to communicate with
one or more other computing devices. Such communication
can occur via Input/Output (I/O) interfaces 22. Still yet, com-
puter system/server 12 can communicate with one or more
networks such as a local area network (LAN), a general wide
area network (WAN), and/or a public network (for example,
the Internet) via network adapter 20. As depicted, network
adapter 20 communicates with the other components of com-
puter system/server 12 via bus 18. It is to be understood that
although not shown, other hardware and/or software compo-
nents could be used in conjunction with computer system/
server 12. Examples, include, but are not limited to: micro-
code, device drivers, redundant processing units, external
disk drive arrays, RAID systems, tape drives, and data archi-
val storage systems, etc.

[0023] With reference now to the drawings, a method and
anapparatus for determining a placement mode of at least one
kind of objects in a multiplicity of storage areas according to
embodiments of the present disclosure will be described
below. The physical objects described herein may be various
products or commodities. “Physical objects™ is herein define
to collectively include both: (i) physical objects as tradition-
ally understood, and (ii) virtual representations of physical
objects in a virtual environment.

[0024] The multiplicity of storage areas described herein
may be located on one or more shelves, and can be used to
place various objects. For example, a shelf may include one or
more layers, each layer may be divided into one or more
fixtures, and each fixture may have one or more objects placed
therein so as to become a storage area. Of course, the storage
area may also take other forms. For example, in a case where
the layers of the shelf layer are not subdivided into the fix-
tures, the storage areas of the shelf may be the layers of the
shelf. In the following description, the fixtures are taken as an
example of the storage areas. Further, in the embodiments of
the present disclosure, in a case where there are a multiplicity
of'shelves, position difference of the shelves will be reflected
onto position difference of the fixtures of the shelves, and a
number of the shelves will be reflected onto a number of the
fixtures of the shelves. Thus, the placement mode of the
objects on the shelves can be determined by determining the
placement mode of the objects in the respective fixtures. For
this reason, the number of the shelves does not affect imple-
mentation of the embodiments of the present disclosure. In
other words, the embodiments of the present disclosure may
be applicable to one or more shelves, therefore unless other-
wise specifically described, the shelf/shelves described below
may refer to one or more shelves. In addition, it is assumed
hereinafter that there are M fixtures, and there are N kinds of
objects to be placed, where M>1, and N=z1.

[0025] Furthermore, a concept of “attention degree” of an
object is used in the embodiments of the present disclosure.
The attention degree of the object indicates a degree that the
object is paid attention to, and may also be called a popularity
degree. The attention degree may have a variety of manifes-
tation forms. For example, in a situation of a store, the atten-
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tion degree of the object (for example, commodity) may be
manifested as a sale volume of the objects, that is, the greater
the attention degree of the object is, the greater the sale
volume of the object is. As a further example, in a situation of
a library, the attention degree of the object (for example,
book) may be manifested as a lending rate (or lending
amount) of the object, where the greater the attention degree
of the object is, the higher the lending rate of the object is.
Hereinafter, the embodiments of the present disclosure will
be described with the sale volume being used as an example
of the applicable proxy for “attention degree.” It is to be
appreciated that other factors may alternatively, or addition-
ally, used to determine attention degree in any given embodi-
ment of the present invention.

[0026] With reference now to FIG. 2, the method for deter-
mining a placement mode of at least one kind of objects in the
M storage areas according to the embodiment of the present
disclosure will be described.

[0027] As shown in FIG. 2, in step S201, attraction factors
of the M fixtures may be determined, an attraction factor of
each fixture indicating a capability that the fixture attracts
attention of a customer.

[0028] As described above, different fixtures have different
capabilities of attracting the customer. For example, a fixtures
located near eyes of the customer are easier to attract the
attention of the customer than a fixture which is located near
feet of the customer, and the capabilities that the fixtures
attract the attention of the customer can affect the attention
degrees (for example, the sale volumes) of the objects placed
in the fixtures. Based on this fact, the attraction factors of the
fixtures are used in the present embodiment to indicate the
capabilities that the fixtures attract the attention of the cus-
tomer. Further, because the attraction factors of the fixtures
are directly related to the sale volumes of the objects placed in
the fixtures, the attraction factors of the fixtures can be deter-
mined by historical sale volumes of the objects placed in the
fixtures.

[0029] Inan implementation for determining the attraction
factors of the fixtures, the attraction factor of each fixture can
be determined based on a historical sale volume of one kind of
objects. For example, in a case where one kind of objects are
placed in the M fixtures, a ratio between a historical sale
volume of'this kind of objects placed in each fixture and a total
historical sale volume of this kind of objects placed in the M
fixtures may be determined as the attraction factor of the
fixture. That is to say, an attraction factor AF, of an ith
(1=i=M) fixture may be determined according to Equation (1)
below:

Vol; 0

where Vol, is a historical sale volume of this kind of objects
placed in the ith fixture, and

M
Z Vol;
=1

is a total historical sale volume of this kind of objects placed
inthe M fixtures. Itis to be noted that the “onekind of objects”
described herein may be the same kind of objects as the N
kinds of objects or a different kind of objects from the N kinds
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of'objects, as long as the historical sale volume thereof can be
obtained so as to determine the attraction factor in the above
mode.

[0030] In another implementation for determining the
attraction factors of the fixtures, the attraction factor of each
fixture can be determined based on historical sale volumes of
multiple kinds of objects (assumed to be N, kinds of objects
for convenience of description, where N,>1). For example,
for each kind of objects in the N, kinds of objects, a ratio
between a historical sale volume ofthis kind of objects placed
in each fixture and a total historical sale volume of this kind of
objects placed in the M fixtures in a case where this kind of
objects are placed in the M fixtures may be determined as a
partial attraction factor of the fixture. Then, the attraction
factor of the fixture may be determined according to the
partial attraction factors of each fixture determined for the N,
kinds of objects. In the present embodiment, for example, a
weighted average of the partial attraction factors of each
fixture determined for the N, kinds of objects may be calcu-
lated as the attraction factor of the fixture, where weighting
coefficients of the respective partial weighting factors of the
fixture may be determined flexibly as needed and/or accord-
ing to the kinds of the objects. Specifically, with respect to a
jth (1=j=N,) kind of objects in the N, kinds of objects, a
partial attraction factor AF, ; of the ith (1<i<M) fixture may be
determined according to Equation (2) below:

ap Yok @

ihj =

Vol;,j

Mz

where Vol, ; is a historical sale volume of the jth kind of
objects placed in the ith fixture, and

M
Z Vol; ;
=1

is a total historical sale volume of the jth kind of objects
placed in the M fixtures. Then, the weighted average of the
partial attraction factors of each fixture determined for the N,
kinds of objects may be calculated by Equation (3) below, as
the attraction factor of the ith fixture:

N 3)
AF; = Z WiAF;
=1

where w; is a weighting factor for the jth kind of objects, and

Of course, the attraction factor of the fixture may be deter-
mined in another manner, in addition to the weighted average,
according to the partial attraction factors of each fixture deter-
mined for the N, kinds of objects. For example: (i) an average
of'the partial attraction factors of each fixture determined for
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the N, kinds of objects may be calculated as the attraction
factor of the fixture, or (ii) a median of the partial attraction
factors of each fixture determined for the N, kinds of objects
may be used as the attraction factor of the fixture. It is to be
noted that, the N, kinds of objects described herein may be the
same, or different from, kinds of objects as the N kinds of
objects. Further, in other embodiments, when a partial attrac-
tion factor determined for a certain kind of objects in the N,
kinds of objects deviates greatly from partial attraction fac-
tors determined for the other kinds of objects in the N, kinds
of objects, the partial attraction factor determined for the
certain kind of objects may be excluded. In this way, the
attraction factor of the fixture is determined based on only the
partial attraction factors determined for the other kinds of
objects in the above manner.

[0031] With reference further to FIG. 2, in step S202, spa-
tial elasticity factors (SEFs) of the N kinds of objects may be
determined, a spatial elasticity factor of each kind of objects
indicating an impact of a change of the fixtures where the kind
of objects are placed on an attention degree (for example, a
sale volume) of the kind of objects.

[0032] Specifically, attraction factors of different fixtures
may be different as described above, thus when the fixtures
where the objects are placed are changed, the sale volume of
the objects may change. However, a change amount of the
sale volume of the objects is related to the objects per se,
besides the change of the attraction factors of the fixtures,
when the fixtures where the objects are placed are changed.
For example, for a certain kind of objects, when they are
moved from a fixture A (whose attraction factor is large to a
fixture B whose attraction factor is small), a sale volume of
the kind of objects may decrease significantly, whereas for
another kind of objects, if they are moved from the fixture A
to the fixture B, a sale volume of the kind of objects may
experience little, or no, decrease. Therefore, in order to deter-
mine the proper placement mode of the objects in the multi-
plicity of fixtures, it is also necessary to determine the impact
of the change of the fixtures where the kind of objects are
placed on the sale volume of the kind of objects, that is,
determine a correlation between the change of the positions
where the kind of objects are placed and the change amount of
the sale volume of the kind of objects. In the embodiment of
the present disclosure, the correlation is indicated by the
spatial elasticity factors.

[0033] Insome embodiments of the present disclosure, for
at least one combination in combinations (set to be P combi-
nations for convenience of description, where P=1) formed by
any two of the M fixtures, a difference between attraction
factors of two fixtures in the one combination and change
amounts of historical sale volumes of the N kinds of objects
when the N kinds of objects are moved between the two
fixtures (that is, differences between the historical sale vol-
umes of the N kinds of objects when they are placed in one of
the two fixtures and the historical sale volumes of the N kinds
of objects when they are placed in the other one of the two
fixtures) may be determined, then the spatial elasticity factors
of'the N kinds of objects may be determined according to the
differences between the attraction factors determined for the
P combinations and the change amounts of the historical sale
volumes. In the present embodiment, a slope of a straight line
obtained by fitting the differences between the attraction fac-
tors determined for the P combinations and the change
amounts of the historical sale volumes may be determined, as
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the special elasticity factors of the N kinds of objects. The
fitting may be a least square fitting or other types of fitting.

[0034] Specifically, because each kind of objects can be
moved between any two of the M fixtures, there are M*(M-1)
possible combinations of the fixtures for each kind of objects,
with each combination corresponding to a mode of movement
of the kind of objects. The P combinations can be selected
from the M*(M-1) possible combinations in accordance with
a preset standard. For example, because it can be helpful to
use the historical sale volumes of the objects placed in the
fixtures during the calculation of the spatial elasticity factors,
the P combinations of fixtures can be selected according to
whether there have been the historical sale volumes of the
objects placed in two fixtures in each combination. Then, for
each kind of objects among the N kinds of objects, the difter-
ence between the attraction factors of two fixtures of each
combination in the P combinations and the change amount of
the historical sale volumes of the kind of objects when the
kind of objects are moved between the two fixtures, that is,
when the position where the kind of objects are placed is
changed from one fixture of the each combination to the other
fixture of the combination, can be calculated. In this way, P
pairs of the differences between the attraction factors and the
change amounts of the historical sale volumes can be
obtained for each kind of objects. Here, the P pairs of the
differences between the attraction factors and the change
amounts of the historical sale volumes can be expressed as P
data pairs (AAF,, AVol), t=1, 2, . .., P, where: (i) AAF, is the
difference between the attraction factors obtained for a tth
combination; and (ii)) AVol, is the change amount of the
historical sale volumes obtained for the tth combination.

[0035] Subsequently, the P data pairs (AAF,, AVol,) may be
fitted (for example, least-square-fitted) to obtain a corre-
sponding straight line, and a slope of the straight line is
calculated as the spatial elasticity factor of the kind of objects.
In this manner, the spatial elasticity factors of the N kinds of
objects can be determined. Because the method for determin-
ing the straight line and the slope thereof by fitting the data
pairs is commonly known in the art, a description thereof is
omitted herein. It is to be appreciated that in step S202, in
addition to fitting the above P data pairs (AAF,, AVol,), data
pairs derived from the differences between the attraction fac-
tors and the change amounts of the historical sale volumes
determined for the P combinations may be fitted to obtain a
corresponding straight line, and then a slope of the straight
line may be calculated as the spatial elasticity factor of the
kind of objects. For example, P data pairs

AAF, AVol,
( AF, * Vol ]’
t=1, 2, ..., P may be fitted to determine the spatial elasticity

factor, where: (i) AF, is an attraction factor of a certain fixture
of'the tth combination; and (ii) Vol, is a historical sale volume
when the kind of objects are placed in the certain fixture.

[0036] With reference further to FIG. 2, in step S203, the
placement mode of the N kinds of objects in the M fixtures
may be determined at least according to the attraction factors
of the M fixtures and the spatial elasticity factors of the N
kinds of objects. The determination of the placement mode of
the N kinds of objects in the M fixtures may include, for
example: (1) determination of the fixtures where the N kinds
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of objects are respectively placed; and/or (ii) numbers of the
objects placed in the fixtures respectively.

[0037] Specifically, a regression analysis (for example a
linear fitting) may be performed on historical data of objects
placed in at least one of the M fixtures to determine a function
relationship between parameters associated with the N kinds
of objects and the attraction factors of the M fixtures, the
spatial elasticity factors of the N kinds of objects and the
number of the N kinds of objects placed in the at least one
fixture. The parameters may be sale volumes (attention
degrees) of the N kinds of objects, a revenue obtained by
selling the N kinds of objects, a profit obtained by selling the
N kinds of objects, or the like. The parameters can be selected
according to an object of determining the placement mode of
the objects. For example, if the object of determining the
placement mode of the objects is to improve the profit of the
store, then the profit may be used as the parameters.

[0038] For example, an expression representing a function
relationship between a parameter associated with a jth
(1=j=N) kind of objects placed in the ith fixture and the
attraction factor of the ith fixture, the spatial elasticity factor
of the jth kind of objects and a number of the jth kind of
objects placed in the ith fixture can be established as shown in
Equation (4) below:

Log(object; ;)=a-AF +b-SEF +c-facing; +d 4

Where: (i) object; ; denotes the parameter associated with the
jth kind of objects placed in the ith fixture, such as a sale
volume of the jth kind of objects placed in the ith fixture; (ii)
arevenue obtained by selling the jth kind of objects placed in
the ith fixture, a profit obtained by selling the jth kind of
objects placed in the ith fixture, or the like; (iii) AF, denotes
the attraction factor of the ith fixture; (iv) SEF, denotes the
spatial elasticity factor of the jth kind of objects, (v) facing, ;
denotes the number of the jth kind of objects placed in the ith
fixture, and (vi) a, b, ¢, and d are constants. Then, the coeffi-
cients a, b, ¢ and d in the above Equation (4) may be deter-
mined based on the historical data of each kind of objects
among the N kinds of objects, and can be substituted into the
above Equation (4) so as to determine the function relation-
ship between the parameter associated with the jth kind of
objects placed in the ith fixture and the attraction factor of the
ith fixture, the spatial elasticity factor of the jth kind of objects
and the number of the jth kind of objects placed in the ith
fixture.

[0039] As anexample, a linear fitting may be performed on
the attraction factor of the ith fixture, the spatial elasticity
factor of each kind of objects among the N kinds of objects,
the historical number of each kind of objects placed in the ith
fixture, and the historical sale volume of each kind of objects
placed in the ith fixture, so as to determine the coefficients a,
b, ¢, and d in the above Equation (4). As another example, one
kind of objects may be selected from the N kinds of objects,
and a linear fitting may be performed by using the attraction
factors of the respective fixtures among the M fixtures, the
spatial elasticity factor of the selected kind of objects, the
historical numbers of the selected kind of objects placed in the
respective fixtures, and the historical sale volumes of the
selected kind of objects placed in the respective fixtures, so as
to determine the coefficients a, b, ¢, and d in the above Equa-
tion (4). Since a specific method for fitting to determine the
coefficients a, b, ¢, and d in the above Equation (4) is com-
monly known in the art, a description thereof is omitted here.
Of course, it is possible not to use the linear fitting method, in
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which case four kinds of objects may be selected from the N
kinds of objects, and then the attraction factor of the ith
fixture, the spatial elasticity factor of each kind of objects
among the four kinds of objects, the historical number of the
each kind of objects placed in the ith fixture, and the historical
sale volume of the each kind of objects placed in the ith fixture
may be substituted into the above Equation (4) so as to obtain
four expressions, and in turn the coefficients a, b, ¢, and d can
be determined.

[0040] After the above function relationship is determined,
the fixtures where the N kinds of objects are placed respec-
tively and the numbers of the N kinds of objects placed in the
fixtures may be determined. Specifically, the storage areas
(fixtures) where the N kinds of objects are placed respectively
and the numbers of the N kinds of objects placed in the
storage areas respectively when the parameters associated
with the N kinds of objects are maximum in a case where a
constraint condition is satisfied may be determined according
to the functional relationship.

[0041] For example, a sum object,,,, of the parameters
associated with the N kinds of objects can be calculated as
shown in Equation (5) below:

. ®
objec Lo = e(a-AF‘- +b-SEF j+c facing;, j+d]

M=

.MZ

J=li

On the right side of the above Equation (5), when i and j have
been determined, facing, ; is indeterminate. Thus all possible
values of facing, ; can be traversed to calculate corresponding
object and respective items on a right side of the above

Equation (5) when object,,,,, is maximum can be determined.

Indexes (that is, 1) of the respective attraction factors, indexes
(that is, j) of the spatial elasticity factors of the respective
kinds of objects and the corresponding values of facing, ,
which are included in the respective items, can show which
kind of objects are placed in which fixture and the numbers of
the placed objects when object,,,, is maximum. This means
that the placement mode of the N kinds of objects in the M
fixtures when object,,,, is maximum can be determined as a
final placement mode.

[0042] In the present embodiment, the possible values of
facing, ; may be flexibly determined as required, but it is to be
noted that when the possible values of facing, ; are deter-
mined, a certain constraint condition needs to be satisfied.
The constraint condition may include one or more of a total
number of each kind of objects to be placed, numbers of each
kind of objects that can be accommodated by the respective
fixtures, and a user-specified constraint condition. Specifi-
cally, because the total number of each kind of objects to be
placed is known, the number of the kind of objects placed in
each fixture should not exceed the total number, and a sum of
the numbers of the kind of objects placed in all the fixtures
should be equal to the total number. Further, because the
number of each kind of objects that can be accommodated by
one fixture is limited, the number of each kind of objects
placed in one fixture should not exceed a maximum number
of the kind of objects that can be accommodated by the
fixture. In addition to the above constraint conditions, the user
may specify other constraint condition(s) as may be appro-
priate in a given object placement context. For example, the
user can specify a maximum number of a certain kind of
objects placed in each fixture.
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[0043] Thus, with the above method according to the
embodiment of the present disclosure, the placement mode of
the objects in the multiplicity of fixtures can be automatically
determined based on a correlation between the multiplicity of
fixtures and the attention degrees (for example, sale volumes)
of the objects as well as the impact of the change of the
positions for placing the objects on the attention degrees of
the objects, so as to determine the proper placement mode of
the objects scientifically and efficiently, reduce a probability
of making errors when the placement mode of the objects is
determined, and improve utilization efficiency of the storage
areas.

[0044] The respective embodiments for implementing the
method of the present disclosure have been described with
reference to the accompanying drawings hereinbefore. Those
skilled in the art may understand that the above method may
be implemented in software, in hardware, or in a combination
thereof. Further, those skilled in the art may understand that
by implementing the respective steps in the above method in
software, in hardware, or in a combination thereof, an appa-
ratus for determining a placement mode of at least one kind of
objects in a multiplicity of storage areas based on the same
inventive concept may be provided. Even if a hardware con-
figuration of the apparatus is the same as that of a general-
purpose processing apparatus, the apparatus will exhibit char-
acteristics different from the general-purpose processing
apparatus due to a function of software contained therein, so
as to form the apparatus according to the embodiment of the
present disclosure. The apparatus of the present disclosure
includes a multiplicity of units or modules, which are config-
ured to execute corresponding steps. Those skilled in the art
may understand how to write a program to implement actions
of the units or modules by reading the present specification.
[0045] With reference now to FIG. 3, the apparatus for
determining a placement mode of at least one kind of objects
in a multiplicity of storage areas (for example, fixtures) will
be described. Some embodiments of the present disclosure
include an apparatus including machine logic programmed to
perform some, or all, of the operations described, above, in
connection with the method embodiment of FIG. 2.

[0046] AsshowninFIG. 3, apparatus 300 includes machine
logic (that is, software, hardware and/or firmware) used in
determining the placement mode of at least one kind of
objects in the multiplicity of fixtures. Apparatus 300 includes:
an attraction factor determining device 301, an elasticity fac-
tor determining device 302, and a placement mode determin-
ing device 303. In this embodiment, it is assumed that there
are M fixtures and N kinds of objects for convenience of
description. In this embodiment, sales volume is again used as
the factor upon which the attribute of attention degree of an
object is based.

[0047] Attraction factor determining device 301 includes
machine logic used to determine attraction factors of the M
fixtures, an attraction factor of each fixture indicating a capa-
bility that the fixture attracts attention of a customer. Attrac-
tion factor determining device 301 may determine the attrac-
tion factor of the fixture through a historical sale volume of
objects placed in the fixture. Specifically, in an implementa-
tion, attraction factor determining device 301 may determine
the attraction factor of each fixture based on a historical sale
volume of one kind of objects. For example, attraction factor
determining device 301 may determine, in a case where one
kind of objects are placed in the M fixtures, a ratio between a
historical sale volume of this kind of objects placed in each
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fixture and a total historical sale volume of this kind of objects
placed in the M fixtures, as the attraction factor of the fixture.
In another implementation, the attraction factor determining
device may determine the attraction factor of each fixture
based on historical sale volumes of multiple kinds of objects
(assumed to be N, kinds of objects for convenience of
description, where N,>1). For example, the attraction factor
determining device may determine, for each kind of objects in
the N, kinds of objects, a ratio between a historical sale
volume of'this kind of objects placed in each fixture and a total
historical sale volume of this kind of objects placed in the M
fixtures in a case where this kind of objects are placed in the
M fixtures, as a partial attraction factor of the fixture. Then,
the attraction factor determining device may determine the
attraction factor of the fixture according to the partial attrac-
tion factors of each fixture determined for the N, kinds of
objects. For example, the attraction factor determining device
may calculate a weighted average of the partial attraction
factors of each fixture determined for the N, kinds of objects,
as the attraction factor of the fixture, with weighting coeffi-
cients of the respective partial weighting factors of the fixture
may be determined flexibly as needed and/or according to the
kind of the objects, etc.

[0048] The attraction factor determining device may deter-
mine the attraction factor of the fixture in other manner than
to the weighted average according to the partial attraction
factors of each fixture determined for the N, kinds of objects,
as described above. Further, in other embodiments, when a
partial attraction factor determined for a certain kind of
objects in the N, kinds of objects deviates greatly from partial
attraction factors determined for the other kinds of objects in
the N, kinds of objects, the attraction factor determining
device 301 may exclude the partial attraction factor deter-
mined for the certain kind of objects, and determine the
attraction factor of the fixture in the above manner based on
only the partial attraction factors determined for the other
kinds of objects.

[0049] The elasticity factor determining device 302 may
determine spatial elasticity factors (SEF) of the N kinds of
objects, a spatial elasticity factor of each kind of objects
indicating an impact of a change of'the fixtures where the kind
of objects are placed on an attention degree (for example, a
sale volume) of the kind of objects.

[0050] Elasticity factor determining device 302 includes
machine logic for determining: (i) for at least one combina-
tion in combinations (set to be P combinations for conve-
nience of description, where P=1) formed by any two ofthe M
fixtures, a difference between attraction factors of two fix-
tures in the one combination and change amounts of historical
sale volumes of the N kinds of objects when the N kinds of
objects are moved between the two fixtures (that is, differ-
ences between the historical sale volumes of the N kinds of
objects when they are placed in one of the two fixtures and the
historical sale volumes of the N kinds of objects when they are
placed in the other one of the two fixtures); and (ii) the spatial
elasticity factors of the N kinds of objects according to the
differences between the attraction factors determined for the
P combinations and the change amounts of the historical sale
volumes. In the present embodiment, a slope of a straight line
obtained by fitting the differences between the attraction fac-
tors determined for the P combinations and the change
amounts of the historical sale volumes may be determined, as
the spatial elasticity factors of the N kinds of objects. The
fitting may be a least square fitting or other types of fitting.
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The elasticity factor determining device may determine the
spatial elasticity factors of the N kinds of objects in the
particular manner described above, and a detailed description
thereof is omitted here to avoid repetition.

[0051] Placement mode determining device 303 includes
machine logic for determining a placement mode of the N
kinds of objects in the M fixtures at least according to: (i) the
attraction factors of the M fixtures; and (ii) the spatial elas-
ticity factors of the N kinds of objects. The determination of
the placement mode ofthe N kinds of objects in the M fixtures
may include, for example, determining fixtures where the N
kinds of objects are placed respectively and numbers of the
objects placed in the fixtures respectively.

[0052] Specifically, placement mode determining device
303 includes machine logic for: (i) performing a regression
analysis on historical data of objects placed in at least one of
the M fixtures; (ii) determining a function relationship
between parameters associated with the N kinds of objects
and the attraction factors of the M fixtures; and (iii) the spatial
elasticity factors of the N kinds of objects and the number of
the N kinds of objects placed in the at least one fixture. As
described above, the parameters may be sale volumes of the N
kinds of objects, a revenue obtained by selling the N kinds of
objects, a profit obtained by selling the N kinds of objects, or
the like, and the parameters can be selected according to an
object of determining the placement mode of the objects.
Placement mode determining device 303 includes machine
logic for determining the fixtures where the N'kinds of objects
are placed respectively and the numbers of the N kinds of
objects placed in the fixtures respectively according to the
function relationship. Specifically, placement mode deter-
mining device 303 includes machine logic for determining:
(1) the storage areas (fixtures) where the N kinds of objects are
respectively placed respectively; and (ii) the numbers of the N
kinds of objects placed in the storage areas respectively when
the parameters associated with the N kinds of objects are
maximum in a case where any constraint condition(s) are
satisfied, according to the functional relationship. The con-
straint condition may include one or more of a total number of
each kind of objects to be placed, numbers of each kind of
objects that can be accommodated by the respective fixtures,
and a user-specified constraint condition. The placement
mode determining device 303 may determine the placement
mode of'the N kinds of objects in the M fixtures in the manner
described, above, in the discussion of FIG. 2.

[0053] Likewise, with the above apparatus according to the
embodiment of the present disclosure, the placement mode of
the objects on a shelf can be automatically determined based
on a correlation between the multiplicity of fixtures and the
attention degrees (for example sale volumes) of the objects
and the impact of the change of positions for placing the
objects on the attention degrees of the objects, so as to deter-
mine the reasonable placement mode of the objects scientifi-
cally and efficiently, reduce a probability of making errors
when the placement mode of the objects is determined, and
improve utilization efficiency of the storage areas.

[0054] The present invention may be a system, a method,
and/or a computer program product. The computer program
product may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

[0055] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
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by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to, an
electronic storage device, a magnetic storage device, an opti-
cal storage device, an electromagnetic storage device, a semi-
conductor storage device, or any suitable combination of the
foregoing. A non-exhaustive list of more specific examples of
the computer readable storage medium includes the follow-
ing: a portable computer diskette, a hard disk, a random
access memory (RAM), aread-only memory (ROM), an eras-
able programmable read-only memory (EPROM or Flash
memory), a static random access memory (SRAM), a por-
table compact disc read-only memory (CD-ROM), a digital
versatile disk (DVD), a memory stick, a floppy disk, a
mechanically encoded device such as punch-cards or raised
structures in a groove having instructions recorded thereon,
and any suitable combination of the foregoing. A computer
readable storage medium, as used herein, is not to be con-
strued as being transitory signals per se, such as radio waves
or other freely propagating electromagnetic waves, electro-
magnetic waves propagating through a waveguide or other
transmission media (for example, light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

[0056] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may include
copper transmission cables, optical transmission fibers, wire-
less transmission, routers, firewalls, switches, gateway com-
puters and/or edge servers. A network adapter card or network
interface in each computing/processing device receives com-
puter readable program instructions from the network and
forwards the computer readable program instructions for
storage in a computer readable storage medium within the
respective computing/processing device.

[0057] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or either
source code or object code written in any combination of one
or more programming languages, including an object ori-
ented programming language such as Smalltalk, C++ or the
like, and conventional procedural programming languages,
such as the “C” programming language or similar program-
ming languages. The computer readable program instructions
may execute entirely on the user’s computer, partly on the
user’s computer, as a stand-alone software package, partly on
the user’s computer and partly on a remote computer or
entirely on the remote computer or server. In the latter sce-
nario, the remote computer may be connected to the user’s
computer through any type of network, including a local area
network (LAN) or a wide area network (WAN), or the con-
nection may be made to an external computer (for example,
through the Internet using an Internet Service Provider). In
some embodiments, electronic circuitry including, for
example, programmable logic circuitry, field-programmable
gate arrays (FPGA), or programmable logic arrays (PLA)
may execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, in order to
perform aspects of the present invention.
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[0058] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer pro-
gram products according to embodiments of the invention. It
will be understood that each block of the flowchart illustra-
tions and/or block diagrams, and combinations of blocks in
the flowchart illustrations and/or block diagrams, can be
implemented by computer readable program instructions.
[0059] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the instruc-
tions, which execute via the processor of the computer or
other programmable data processing apparatus, create means
for implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks. These computer read-
able program instructions may also be stored in a computer
readable storage medium that can direct a computer, a pro-
grammable data processing apparatus, and/or other devices to
function in a particular manner, such that the computer read-
able storage medium having instructions stored therein
includes an object of manufacture including instructions
which implement aspects of the function/act specified in the
flowchart and/or block diagram block or blocks.

[0060] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0061] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of pos-
sible implementations of systems, methods and computer
program products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or por-
tion of code, which includes one or more executable instruc-
tions for implementing the specified logical function(s). It
should also be noted that, in some alternative implementa-
tions, the functions noted in the block may occur out of the
order noted in the figures. For example, two blocks shown in
succession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the reverse
order, depending upon the functionality involved. It will also
be noted that each block of the block diagrams and/or flow-
chart illustration, and combinations of blocks in the block
diagrams and/or flowchart illustration, can be implemented
by special purpose hardware-based systems that perform the
specified functions or acts, or combinations of special pur-
pose hardware and computer instructions.

[0062] The descriptions of the various embodiments of the
present invention have been presented for purposes of illus-
tration, but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and variations
will be apparent to those of ordinary skill in the art without
departing from the scope and spirit of the described embodi-
ments. The terminology used herein was chosen to best
explain the principles of the embodiments, the practical appli-
cation or technical improvement over technologies found in
the marketplace, or to enable others of ordinary skill in the art
to understand the embodiments disclosed herein.
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What is claimed is:

1. A method comprising:

determining attraction factors respectively corresponding

to a plurality of storage areas of a storage space, with
each attraction factor indicating how strongly the corre-
sponding storage area attracts attention of a customer;
and

determining the placement mode a first kind of objects in a

first storage area of the plurality of storage areas based,
at least in part, on the attraction factors of the plurality of
storage areas.
2. The method of claim 1 further comprising:
determining a first spatial elasticity factor for the first kind
of object, with the first spatial elasticity factor indicating
how strongly a choice of storage area used to store the
firstkind of object is correlated with a degree of attention
a customer pays to the first kind of object;

wherein the determination of the placement mode of the
first kind of objects in the first storage area is based, at
least in part, on the first spatial elasticity factor.

3. The method of claim 1, wherein the determination of the
attraction factor for a first storage area of the plurality of
storage areas includes:

placing a test kind of objects in the plurality of storage

areas;

determining an amount of attention paid to the test kind of

objects in each of the storage areas; and

calculating a first attraction factor for the first storage area

as a ratio between: (i) an amount of attention paid to the
test kind of objects placed in the first storage area, and
(ii) a total amount of attention paid to the test kind of
objects aggregated over all storage areas of the plurality
of storage areas.

4. The method of claim 1, wherein the determination of the
attraction factor for a first storage area of the plurality of
storage areas includes:

placing, one test kind at a time, a plurality test kinds of

objects in the plurality of storage areas;

determining, for each storage are of the plurality of storage

areas, an aggregate amount of attention paid to the test
kinds of objects; and

calculating a first attraction factor for the first storage area

as a ratio between: (i) an aggregate amount of attention
paid to the test kinds of objects placed in the first storage
area, and (ii) a total amount of attention paid to the test
kinds of objects aggregated over all storage areas of the
plurality of storage areas and aggregated over all test
kinds of objects.

5. The method of claim 2, wherein the determination of a
first spatial elasticity factor of the first kind of objects
includes:

determining, for at least one combination in combinations

formed by any two of the plurality of storage areas, a
difference between attraction factors of two storage
areas in the at least one combination and a change
amount of a historical attention degree of the firstkind of
objects when the firstkind of objects are moved between
the two storage areas; and

determining the first spatial elasticity factor of the first kind

of objects according to the difference between the attrac-
tion factors determined for the at least one combination
and the change amount of the historical attention degree.

6. The method of claim 5, wherein the determination of the
first spatial elasticity factor of the first kind of objects further



US 2016/0055432 Al

includes determining a slope of a straight line obtained by
fitting the difference between the attraction factors deter-
mined for the at least one combination and the change amount
of the historical attention degree, as the spatial elasticity
factor of the first kind of objects.

7. A computer program product comprising a computer
readable storage medium having stored thereon:

first program instructions programmed to determine attrac-

tion factors respectively corresponding to a plurality of
storage areas of a storage space, with each attraction
factor indicating how strongly the corresponding stor-
age area attracts attention of a customer; and

second program instructions programmed to determine the

placement mode a first kind of objects in a first storage
area of the plurality of storage areas based, at least in
part, on the attraction factors of the plurality of storage
areas.

8. The product of claim 7 wherein the medium has further
stored thereon:

third program instructions programmed to determine a first

spatial elasticity factor for the first kind of object, with
the first spatial elasticity factor indicating how strongly
a choice of storage area used to store the first kind of
object is correlated with a degree of attention a customer
pays to the first kind of object;

wherein the determination of the placement mode of the

first kind of objects in the first storage area is based, at
least in part, on the first spatial elasticity factor.

9. The product of claim 7, wherein the first program
instructions are further programmed to determine the attrac-
tion factor for a first storage area of the plurality of storage
areas including:

placing a test kind of objects in the plurality of storage

areas;

determining an amount of attention paid to the test kind of

objects in each of the storage areas; and

calculating a first attraction factor for the first storage area

as a ratio between: (i) an amount of attention paid to the
test kind of objects placed in the first storage area, and
(ii) a total amount of attention paid to the test kind of
objects aggregated over all storage areas of the plurality
of storage areas.

10. The product of claim 7, wherein the first program
instructions are further programmed to determine the attrac-
tion factor for a first storage area of the plurality of storage
areas including:

placing, one test kind at a time, a plurality test kinds of

objects in the plurality of storage areas;

determining, for each storage are of the plurality of storage

areas, an aggregate amount of attention paid to the test
kinds of objects; and

calculating a first attraction factor for the first storage area

as a ratio between: (i) an aggregate amount of attention
paid to the test kinds of objects placed in the first storage
area, and (ii) a total amount of attention paid to the test
kinds of objects aggregated over all storage areas of the
plurality of storage areas and aggregated over all test
kinds of objects.

11. The product of claim 8, wherein the determination of a
first spatial elasticity factor of the first kind of objects
includes:

determining, for at least one combination in combinations

formed by any two of the plurality of storage areas, a
difference between attraction factors of two storage
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areas in the at least one combination and a change
amount of a historical attention degree of the firstkind of
objects when the firstkind of objects are moved between
the two storage areas; and

determining the first spatial elasticity factor of the first kind

of objects according to the difference between the attrac-
tion factors determined for the at least one combination
and the change amount of the historical attention degree.

12. The product of claim 11, wherein the determination of
the first spatial elasticity factor of the first kind of objects
further includes determining a slope of a straight line
obtained by fitting the difference between the attraction fac-
tors determined for the at least one combination and the
change amount of the historical attention degree, as the spa-
tial elasticity factor of the first kind of objects.

13. A computer system comprising:

a processor(s) set; and

a computer readable storage medium;

wherein:

the processor set is structured, located, connected and/or

programmed to run program instructions stored on the
computer readable storage medium; and

the program instructions include:

first program instructions programmed to determine
attraction factors respectively corresponding to a plu-
rality of storage areas of a storage space, with each
attraction factor indicating how strongly the corre-
sponding storage area attracts attention of a customer,
and

second program instructions programmed to determine
the placement mode a first kind of objects in a first
storage area of the plurality of storage areas based, at
least in part, on the attraction factors of the plurality of
storage areas.

14. The system of claim 13 wherein the medium has further
stored thereon:

third program instructions programmed to determine a first

spatial elasticity factor for the first kind of object, with
the first spatial elasticity factor indicating how strongly
a choice of storage area used to store the first kind of
object is correlated with a degree of attention a customer
pays to the first kind of object;

wherein the determination of the placement mode of the

first kind of objects in the first storage area is based, at
least in part, on the first spatial elasticity factor.

15. The system of claim 13, wherein the first program
instructions are further programmed to determine the attrac-
tion factor for a first storage area of the plurality of storage
areas including:

placing a test kind of objects in the plurality of storage

areas;

determining an amount of attention paid to the test kind of

objects in each of the storage areas; and

calculating a first attraction factor for the first storage area

as a ratio between: (i) an amount of attention paid to the
test kind of objects placed in the first storage area, and
(ii) a total amount of attention paid to the test kind of
objects aggregated over all storage areas of the plurality
of storage areas.

16. The system of claim 13, wherein the first program
instructions are further programmed to determine the attrac-
tion factor for a first storage area of the plurality of storage
areas including:
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placing, one test kind at a time, a plurality test kinds of

objects in the plurality of storage areas;

determining, for each storage are of the plurality of storage

areas, an aggregate amount of attention paid to the test
kinds of objects; and

calculating a first attraction factor for the first storage area

as a ratio between: (i) an aggregate amount of attention
paid to the test kinds of objects placed in the first storage
area, and (ii) a total amount of attention paid to the test
kinds of objects aggregated over all storage areas of the
plurality of storage areas and aggregated over all test
kinds of objects.

17. The system of claim 14, wherein the determination of a
first spatial elasticity factor of the first kind of objects
includes:

determining, for at least one combination in combinations

formed by any two of the plurality of storage areas, a
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difference between attraction factors of two storage
areas in the at least one combination and a change
amount of a historical attention degree of the firstkind of
objects when the firstkind of objects are moved between
the two storage areas; and
determining the first spatial elasticity factor of the first kind
of objects according to the difference between the attrac-
tion factors determined for the at least one combination
and the change amount of the historical attention degree.
18. The system of claim 17, wherein the determination of
the first spatial elasticity factor of the first kind of objects
further includes determining a slope of a straight line
obtained by fitting the difference between the attraction fac-
tors determined for the at least one combination and the
change amount of the historical attention degree, as the spa-
tial elasticity factor of the first kind of objects.
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