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Description

Title of Invention: METHOD, SYSTEM AND STORAGE

MEDIUM FOR RECOMMENDING RESOURCE ALLOCATION

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

TO TARGET SUBJECT
Technical Field

The present invention relates broadly, but not exclusively, to a method and a system

etc. for recommending resource allocation to a target subject.

Background Art

Recovery outcomes for different health conditions depend on many complex factors
including psychological factors, age and gender of a target subject (also referred to as a
target patient). However, it is important to predict a possible health outcome for the
target patient in order to plan the limited resources at an institution, e.g., a hospital.
Typically, it takes time to increase the number of resources which include, among
other things, the number of health care workers, the number of intensive care unit beds,
the number of psychological sessions, the number of rehabilitation sessions to provide
the health condition of the target patient.

Effective medical care demands that limited resources are properly matched with a
need of a subject appropriately, while avoiding the excessive use of medical care
resources that are more time and resource intensive. Advantageously, effective al-
location of resources can lead to improved access for a subject to the limited resources,
while reducing the cost for the subject by minimizing the use of expensive resources,
yet achieving the maximum possible recovery outcome for the subject.

Conventionally, the institution depends on the experience of the health care workers
to predict a possible recovery outcome for a patient. One of the disadvantages about
this approach is that it is not accurate. More importantly, it does not help to allocate the
limited resources at the institution effectively so as to achieve the maximum possible
recovery outcome of the patient.

Summary of Invention

A need therefore exists to provide a method, a system etc. for recommending one or
more resources to a target patient in order to address the above-mentioned problems.
Solution to Problem

According to a first aspect of the present invention, a computer implemented method
for recommending resource allocation to a target subject includes: identifying one or
more subjects, the target subject having a predicted state of recovery at which the

target subject is capable of reaching at an end of a predetermined time period, the one
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or more subjects each having states of recovery at the end of the predetermined time
period, the states of recovery matching the predicted state of recovery of the target
subject; retrieving historical subject data, the historical subject data relating to
resources used for the identified subjects; and recommending one or more allocation of

resources to the target subject based on the retrieved historical subject data.
According to a second aspect of the present invention, a computing system for rec-

ommending resource allocation to a target subject includes: subject identifier means
for identifying one or more subjects, the target subject having a predicted state of
recovery at which the target subject is capable of reaching at an end of a predetermined
time period, the one or more subjects having states of recovery at the end of the prede-
termined time period, the states of recovery matching the predicted state of recovery of
the target subject; retrieving means for retrieving historical subject data, the historical
subject data relating to resources used for the identified subjects; and recommending
means for recommending one or more allocation of resources to the target subject
based on the retrieved historical subject data.

According to a third aspect of the present invention, a computer readable medium
includes computer program code for recommending resource allocation to a target
subject. The computer program code is configured to, with at least one processor,
cause a computer at least to: identify one or more subjects, the target subject having a
predicted state of recovery at which the target subject is capable of reaching at an end
of a predetermined time period, the identified subjects each having states of recovery at
the end of the predetermined time period that matches the predicted state of recovery
of the target subject; retrieve historical subject data, the historical subject data relating
to resources used for the identified subjects; and recommend one or more allocation of

resources to the target subject based on the retrieved historical subject data.

Advantageous Effects of Invention

The present invention is capable of improving effectiveness of allocation of resources
to a subject.
Brief Description of Drawings

Example embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description,
which provides examples only, and in conjunction with the drawings in which:
[fig.1]Figure 1 shows a flow chart illustrating a method for recommending resource al-
location to a subject according to a first example embodiment of the present invention;
[fig.2A]Figure 2A shows a block diagram illustrating a configuration of a system for
recommending resource allocation to a subject according to the first example em-

bodiment of the present invention;
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[fig.2B]Figure 2B shows a block diagram illustrating an alternative configuration of a
system for recommending resource allocation to a subject according to the first
example embodiment of the present invention and a configuration of a system for rec-
ommending resource allocation to a subject according to a second example em-
bodiment of the present invention;

[fig.3]Figure 3 shows a flow chart illustrating identifying one or more subject and re-
trieving historical data of the one or more subject according to present invention;
[fig.4]Figure 4 shows an exemplary detection of the most similar cluster of patients for
the target patient, according to the first example embodiment of the present invention;
[fig.5]Figure 5 shows a graphical representation of functional status against time,
hospital discharged functional recovery potential, length of stay and resource re-
quirement of healthcare intervention, according to the first example embodiment of the
present invention;

[fig.6]Figure 6 shows a graphical representation of efficiency against effectiveness
based on ranking of the various patient case scenarios, according to the first example
embodiment of the present invention;

[fig.7]Figure 7 shows an exemplary process of efficiency and effectiveness recom-
mendation engine to recommend the cases for target patients which meet a resource
constraint, according to the first example embodiment of the present invention;
[fig.8]Figure 8 shows a schematic of a system for recommending resource allocation to
a subject according to the first example embodiment of the present invention; and
[fig.9]Figure 9 shows an exemplary computing device suitable for executing the
method for recommending resource allocation to a subject according to present em-
bodiments.

Description of Embodiments

Unless context dictates otherwise, the following terms will be given the meaning
provided here.

The terms "healthcare institute", "healthcare institution" and similar include a
hospital, a clinic and any other establishment in which healthcare services are
provided.

The term "patient information" includes data relating to at least a patient or a
patient’s condition, which may include, among other information, at least a disease,
injury or other condition. In one example, past clinical records for the patient’s
condition may be patient information, as may be a diagnosis for a new patient or new
patient condition.

The terms "treatment", "healthcare intervention", "hospital admission" and similar

refer to any action by a healthcare resource (e.g. a human or a machine) for the purpose
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of facilitating recovery of the patient. Counselling for a patient and prescribing
medicine for a patient may also be included in this definition.

The term "healthcare institute resource” and similar will be understood to include,
among other things, various types of resource such as healthcare human resources,
medical equipment, beds for patients and so forth. Nursing staffs and doctors are
included in the intended meaning of "healthcare human resources".

The term "prediction" refers to an action taken to estimate a functional status of the
patients after a specific period from hospital admission - for example, 6 months.

The terms "functional status", "state of recovery", "health status"”, "degree of recovery"
and similar refer to a healthcare related status of patients such as ability of movement
of a part of body in comparison with the corresponding status prior to an incident or a
health issue such as heart stroke.

The term "one or more databases"” refers to any database or databases located within a
computing system or remote server such as a computer in hospital or cloud server.
Each of the database and the databases may be a cloud database running on a cloud
computing platform.

[0012]Example embodiments of the present invention will be described, by way of
example only, with reference to the drawings. The same reference numerals and
characters in the drawings refer to the same elements or equivalents.

Some portions of the description which follows are explicitly or implicitly presented
in terms of algorithms and functional or symbolic representations of operations on data
within a computer memory. These algorithmic descriptions and functional or symbolic
representations are the means used by those skilled in the data processing arts to
convey most effectively the substance of their work to others skilled in the art. An
algorithm is here, and generally, conceived to be a self-consistent sequence of steps
leading to a desired result. The steps are those requiring physical manipulations of
physical quantities, such as electrical, magnetic or optical signals capable of being
stored, transferred, combined, compared, and otherwise manipulated.

Unless specifically stated otherwise, and as apparent from the following, it will be
appreciated that throughout the present specification, discussions utilizing terms such
as "identifying", "retrieving", "recommending" or the like, refer to the action and
processes of a computer system, or similar electronic device, that manipulates and
transforms data represented as physical quantities within the computer system into
other data similarly represented as physical quantities within the computer system or
other information storage, transmission or display devices.

The present specification also discloses apparatus for performing an operation of the
method. Such apparatus may be specially constructed for a required purpose, or may

include a computer or other device selectively activated or reconfigured by a computer
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program stored in the computer. The algorithms and displays presented herein are not
inherently related to any particular computer or other apparatus. Various machines may
be used with programs in accordance with the teachings herein. Alternatively, the con-
struction of more specialized apparatus to perform the required method steps may be
appropriate. An example of a structure of a computer will be described below.

In addition, the present specification also implicitly discloses a computer program, in
that it would be apparent to the person skilled in the art that the individual steps of the
method described herein may be put into effect by computer code. The computer
program is not intended to be limited to any particular programming language and im-
plementation thereof. It will be appreciated that a variety of programming languages
and coding thereof may be used to implement the teachings of the disclosure contained
herein. Moreover, the computer program is not intended to be limited to any particular
control flow. There are many other variants of the computer program, which can use
different control flows without departing from the spirit or scope of the invention.

Furthermore, one or more of the steps of the computer program may be performed in
parallel rather than sequentially. Such a computer program may be stored on any
computer readable medium. The computer readable medium may be any one of storage
devices such as magnetic or optical disks, memory chips, or other storage devices
suitable for interfacing with a computer. The computer readable medium may also be a
hard-wired medium such as exemplified in the Internet system, or a wireless medium
such as exemplified in the GSM mobile telephone system. The computer program
when loaded and executed on such a computer effectively results in an apparatus that
implements the steps of the preferred method.

<First Example Embodiment>

Figure 1 shows a flow chart illustrating a method 100 for recommending resource al-
location to a subject (a patient), according to a first example embodiment of the present
invention. It can also be understood that the method is suitable for recommending
resource allocation to a care giver. The method 100 may be performed by a computer
coupled to one or more databases. Furthermore, the method 100 may be performed by
a computing device which may be a server system, a mobile device (e.g. a smart phone
or a tablet computer) or a personal computer. Further details on the computer and
databases will be provided below with reference to Figures 8 and 9.

The method 100 broadly includes:

Step 102: identifying one or more subjects, each of the identified subjects having a
state of recovery at the end of the predetermined time period, the state of recovery
matching the predicted state of recovery of a target subject;

Step 104: retrieving historical subject data, the historical subject data relating to

resources used for the identified subjects; and
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Step 106: recommending one or more allocation of resources to the target subject
based on the retrieved historical subject data.

Without loss of generality, the description will largely focus on example em-
bodiments of the invention relating to hospitals rather than the more general
"healthcare institution” case, though it will be understood to apply equally to clinics or
other healthcare institutions.

Step 102 involves identifying one or more subjects, each of the identified subjects
having a state of recovery at the end of the predetermined time period, the state of
recovery matching the predicted state of recovery of the target subject. The one or
more subjects include one or more patients who have already suffered a disease or an
injury, and are at various stages of recovery from the disease or the injury. Addi-
tionally or alternatively the one or more subjects are discharged from a hospital after
receiving resources towards recovery, such as several rehabilitation sessions, at the
hospital. Therefore, health status of the one or more subjects at the time of hospital
admission, at the time of discharge from the hospital and at the end of predetermined
time period such as 6 months from the hospital admission are available.

In an example, the target subject has a profile characteristic which is used to
determine the predicted state of recovery. The step 102 includes identifying the one or
more subjects having a profile characteristic that matches to the profile characteristic
of the target subject. The profile characteristic includes; among other things, de-
mographic information; gender information; and health condition information.

The identified one or more subjects are ranked based on the similarity among
subjects in view of functional status at the time of admission and at the end of prede-
termined time period from the admission. If a subject has a functional status at the time
of admission which matches to the functional status of the target subject, the subject is
ranked high. If a subject has a functional status, at the end of predetermined time
period from the admission, which matches to the predicted functional status of the
target subject, the subject is also ranked high.

Additionally or alternatively, the identified one or more subjects are ranked in ac-
cordance with efficiency and effectiveness levels. A level of efficiency (Ef) and a level
of effectiveness (Es) may be calculated as follows:

[Math.1]

Eﬁ(iCienC (E ) — F]Mdi“ha”ge - F]Madmission
y e L 0 S number of rehabilitation session in aday

. rFiM ... —FIM
Effectiveness(E ) =1— d
FIM,  — FIM

admission

admission
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FIM stands for Functional Independence Measure e.g. an example of functional status.
FIMischaree means functional status at the time when the subject discharged from a
hospital. FIM, 400 means functional status at the time when the subject admitted at
the hospital. FIM,,s means functional status at the end of predetermined time period.
LOS stands for a length of (hospital) stay. LOS number of rehabilitation session in aday j§ proportional
to a resource allocated to the subject.

The efficiency score (Ef), i.e. the level of efficiency (Ef), for each of the one or more
subjects is calculated based on (i) a degree of recovery and (ii) a number of resources
that have been used during the period during which at least one resource is used on the
subject. In an example, the efficiency score for each of the one or more subjects is
directly proportional to the degree of recovery during the period during which at least
one resource is used on the subject and is inversely proportional to the number of
resources that have been used during the period during which at least one resource is
used on the subject. In other words, maximizing the degree of recovery together with
minimizing usage of resources will result in high efficiency score. The period during
which at least one resource is used on the subject may include the period the subject is
hospitalized.

The effectiveness score (Es) , i.e. the level of effectiveness (Es), for each of the one
or more subjects is calculated based on a degree of recovery during which resources
are not used on the subject and a degree of recovery of the subject during the prede-
termined time period. In an example, the effectiveness score for each of the one or
more subjects is directly proportional to the degree of recovery during which resources
are not used on the subject, and is inversely proportional to the degree of recovery of
the subject during the predetermined period. In other words, maximizing a ratio of the
degree of recovery after discharging from the hospital to the degree of recovery during
the predetermined period, e.g. a combination of a hospitalized period and a period after
discharging from the hospital, will result in high effectiveness score. Details of ranking
are explained with reference to Figure 6.

Step 104 may include retrieving historical subject data, the historical subject data
relating to resources used for the identified subjects. The resources include type and
administration of medicaments, the number of rehabilitation sessions in a day, a time
period from admission to discharge. After identifying a subject who is similar to the
target subject in step 102, resources used for the identified subjects is retrieved from
one or more databases.

In a preferred embodiment, resources used for the subject who has the highest ef-
ficiency score and the highest effectiveness score should be used for the target subject.
However, due to insufficiency of healthcare institution resources, resources used for

the subject with such high scores are not always available. Accordingly, the method
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100 may further include determining resources available at a point in time, i.e., de-
termining resources available at the healthcare institution (also referred to as available
healthcare institution resources) at the point in time. Additionally, the step 102 may
include ranking the one or more subjects based on the determined resources available
at the point in time. The case for a past patient to follow is determined by comparing
available resources with required resources to follow the case of the identified subjects.
The comparison is explained together with Figure 7.

Step 106 may include recommending one or more allocation of resources to the
target subject based on the retrieved historical subject data. In an example, the rec-
ommended one or more allocation of resources to the subject is displayed on a display.
The recommended resources may include an intensive care unit bed, a medical care
system and a general ward bed. The recommended resources may include the number
of rehabilitation sessions in a day. The recommended one or more allocation of
resource to the subject may be displayed together with available rehabilitation facility
information so that the recommended rehabilitation sessions may be reserved without
additional steps.

Figure 2A shows a block diagram illustrating a configuration of a system (i.e. a
system 200) for recommending resource allocation to a target subject in accordance
with the present example embodiment. The system 200 includes a receiver 202 for
receiving inputs from a clinical process, a functional recovery potential engine 208 for
predicting patient’s functional recovery potential, a patient similarity engine 210 for
matching a target patient with patients with similar profile characteristics, a recom-
mendation engine 212 for making recommendation of resource allocation based on ef-
ficiency and effectiveness in view of a healthcare resource and a schedule constraints,
a display 206 for generating visualization output for healthcare staff to use, and a
healthcare resource and schedule management engine 214. The system 200 may
include a computer system 204. The functional recovery potential engine 208, the
patient similarity engine 210, the recommendation engine 212 and the healthcare
resource and schedule management engine 214 may be incorporated in the computer
system 204.

The receiver 202 receives clinical process of a target subject. The clinical process
may include a type of diseases or injuries and a part or parts suffering diseases or
injuries, and diagnostic results of the target subject. The clinical process is stored in
one or more database in a computer system e.g. electronic health records or one or
more servers in medical institutes. The receiver 202 receives the clinical process stored
in the one or more databases.

The functional recovery potential engine 208 obtains the clinical process from the

receiver 202. Based on the obtained clinical process, the functional recovery potential
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engine 208 predicts a maximum functional recovery potential for the target subject.
More specifically, the functional recovery potential engine 208 considers current
functional status of the target subject and age, gender, a type of diseases or injuries and
a body part suffering the disease or injuries. These may be the profile characteristics of
the target subject. In addition, the functional recovery potential engine 208 may
consider a profile characteristic of the target subject including a demographic in-
formation and a psychological information of the target patient.

By comparing the clinical process of the target patient with past data stored in one or
more database, the functional recovery potential engine 208 predicts the functional
recovery potential of the target subject.

The patient similarity engine 210 also obtains the clinical process from the receiver
202. An example of the patient similarity engine 210 is a subject identifier. The patient
similarity engine 210 also obtains the functional recovery potential predicted by the
functional recovery potential engine 208. Based on the clinical process and the
functional recovery potential of the target subject, the patient similarity engine 210
identifies a group of patients who are similar to the target subject in view of current
functional status and the predicted functional recovery potential. That is, the identified
group of patients have a profile characteristic (e.g. predicted functional recovery
potential) that is similar to that of the target subject. Details of the functions of the
patient similarity engine 210 are explained with reference to Figure 4.

The recommendation engine 212 obtains the predicted functional recovery potential
of the target subject from the functional recovery potential engine 208. An example of
the recommendation engine 212 is a recommending module. The recommendation
engine 212 further obtains information of the group of similar patients from the patient
similarity engine 210. An example of a module of the recommendation engine 212
which obtains the information of the group of similar patients from the patient
similarity engine 210 is a retrieving module. Each of the patients in the group of
similar patients may be ranked based on efficiency and effectiveness. The efficiency is
measured as an amount of recovery per resource allocated for the target patient. On the
other hand, the effectiveness is measured as an amount of recovery after discharge of
the target subject per total amount of recovery from admission to a specific timing after
the discharge.

The recommendation engine 212 further receives data from the healthcare resource
and schedule management engine 214 so that the recommendation engine 212 can
provide a recommendation in view of available healthcare resource and schedule. In an
example, the recommendation engine 212 checks a resource allocated to a past patient
who is ranked highly based on the efficiency and the effectiveness. By comparing the

allocated resource with available resource informed by the healthcare resource and
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schedule management engine 214, the recommendation engine 212 determines whether
the allocated resource for the past patient with highly ranked is applicable to the target
subject. If the hospital has a sufficient healthcare resource to follow the resource al-
location of the past patient with highly ranked, the recommendation engine 212 sends
recommendation information such as the number of rehabilitation sessions in a day,
available facilities and timing of rehabilitation, and an available room for the target
subject to display 206. If the hospital does not have a sufficient resource, the recom-
mendation engine 212 checks resource allocation information of the next past patient.
Detailed procedures are explained with reference to Figure 7.

The display 206 receives the recommendation information from the recommendation
engine 212. The display 206 shows the recommendation information on how to
allocate resource to the target subject on the display 206 (e.g. on a screen of the display
206). In an example, a staff in a hospital sees the recommendation information on the
display 206, determines resource allocations to the target subject and fixes the schedule
of rehabilitation sessions. The display 206 may include any other type of user interface
to show the recommendation information. For example, the display 206 may be a
speaker for providing recommendation information via acoustic sound by voice
synthesis. In one example, the display 206 may include a system that provides a
service of a short message or an email to show recommended resource allocation.

It is to be understood that the hardware components mentioned in Figure 2A may be
arranged in various different arrangements. For example, the functional recovery
potential engine 208 may be configured to be operationally coupled to the recom-
mendation engine 212 without the patient similarity engine 210. Additionally or alter-
natively not every hardware components are necessarily required to generate the same
output. More details will be provided in Figure 2B.

Figure 2B shows a block diagram illustrating an alternative configuration of a system
(i.e. a system 250) for recommending resource allocation to a target subject in ac-
cordance with the present example embodiment. The system 250 includes a subject
identifier 252, a retrieving module 254 and a recommending module 256. The system
250 of Figure 2B is described later as a second example embodiment.

Figure 3 shows a flow chart illustrating a method 300 of identifying one or more
subject and retrieving historical data of the one or more subject according to present
example embodiment. The method 300 broadly includes:

Step 302: measuring target patient and input patient hospital admission functional
status;

Step 304: predicting maximum functional recovery potential using the functional
recovery potential engine 208;

Step 306: employing functional status at the time of hospital admission and
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maximum functional recovery potential; and
Step 308: identifying patients most similar to the target patient and output data of the
most similar patients.

Step 302 may include measuring target patient and input patient hospital admission
functional status. At the time of hospital admission, functional status of the target
patient is measured and the measured functional status of the target patient is compared
with functional status at the time of admission in the clinical records of past patients.
The functional status may be defined as a percentage of functionality of a patient
comparing with fully functioned status of the patient.

Step 304 may include predicting maximum functional recovery potential using
functional recovery potential engine 208. Based on the functional status in Step 302
and past clinical records, maximum functional recovery potential is predicted in view
of age, gender, and a type of disease or injuries.

Step 306 may include employing functional status at the time of hospital admission
and the maximum functional recovery potential. In this step, the functional status at the
time of hospital admission and the maximum functional recovery potential are de-
termined for the target subject so that past patient similar to the target patient is
identified in step 308 using the functional status and the maximum functional recovery
potential.

Step 308 may include identifying patients most similar to the target subject and
outputting data of the most similar patients. Based on the functional status at the time
of hospital admission and the maximum functional potential employed in step 306, a
group of patients most similar to the target subject is identified. Healthcare resource al-
location data used for each patient in the group of patients may be stored in one or
more database in the hospital. The healthcare resource allocation data used for each
patient in the group of patients most similar to the target subject is output and used for
recommendation to the target subject.

Figure 4 shows an exemplary detection of the most similar cluster of patients 400 for
the target patient, according to present example embodiment. Patient 1 (402), patient 2
(404) and patient 3 (406) are the candidates who may be considered to be similar to a
target patient 408. In an example, a graph based approach with community detection
algorithm is used to identify the most similar cluster of patients for the target patient.
In the community detection approach, each of the patients 402, 404, 406 and 408 is
linked together based on similarity between each two patients. In an example,
thickness of lines between two patients indicates an index of similarity using the
admission functional status, the maximum functional recovery potential and other
patient information. For example, a line 410 between patient 2 and patient 3 is

indicated thicker than a line 412 between patient 1 and patient 3, which means that an
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index of similarity between patient 2 and patient 3 is higher than that between patient 1
and patient 3. After checking similarities between other two patients, a most similar
cluster (group) 414 of patients is detected. Other algorithms may be used to determine
the most similar group of patients.

Figure 5 shows a graphical representation of functional status against time, hospital
discharged functional recovery potential, length of stay and resource requirement of
healthcare intervention (i.e. (functional status information 500)), according to present
example embodiment. In a vertical axis, functional status is shown as arbitrary unit e.g.
Functional Independence Measure (FIM). In this example, the maximum score is
defined as 126. In a horizontal axis, time (e.g. days) from hospital admission for stroke
is shown. In this example, the maximum time from the hospital admission for stroke is
defined as 6 month. Also, three patients (patient 1, patient 2 and patient 3) are shown
in this example. Historical subject data of functional status, e.g. functional status at the
time of hospital admission, discharge and the end of the predetermined period, e.g. 6
months from the hospital admission for each of three patients are shown.

Historical subject data of patient 1 is shown as historical subject data 502. Functional
status of patient 1 at the time of hospital admission is higher than that of the target
patient shown as functional status 508. Also, functional status of patient 1 at the end of
the predetermined period is slightly higher than maximum functional recovery
potential of the target patient shown as functional status 510.

Historical subject data of patient 2 is shown as historical subject data 504. Functional
status of patient 2 at the time of hospital admission is slightly lower than that of the
target patient shown as functional status 508. Also, functional status of patient 2 at the
end of the predetermined period is slightly lower than maximum functional recovery
potential of the target patient shown as functional status 510. In addition, patient 2 was
discharged earlier than patient 1, in other words, healthcare resources allocated to
patient 2 was less than that of patient 1.

Historical subject data of patient 3 is shown as historical subject data 506. Functional
status of patient 3 at the time of hospital admission is slightly higher than that of the
target patient shown as functional status 508. Also, functional status of patient 3 at the
end of the predetermined period is lower than the maximum functional recovery
potential of the target patient shown as functional status 510. In addition, patient 3 was
discharged later than patient 1, in other words, healthcare resources allocated to patient
3 was more than that of patient 1.

As shown in Figure 4, patient 2 and patient 3 are considered to be similar to the
target patient. Figure 5 further clarifies that patient 1 and the target patient are different
in historical data of functional status. Also, recovery in functional status of patient 2 is

higher than that of patient 3. In addition, allocated resources to patient 2 is less than
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that of patient 3. Details of comparison between patient 2 and patient 3 are explained
with reference to Figure 6.

Figure 6 shows a graphical representation of efficiency and effectiveness 600 based
on ranking of the various patient case scenarios, according to present example em-
bodiment. In Figure 6, vertical axis indicates the efficiency in log scale. Horizontal
axis indicates the effectiveness. The efficiency and the effectiveness are defined in the
following equations as explained in the description of step 102 of Figure 1.

[Math.2]

Eﬁ(iCienC (E ) — F]Mdi“ha”ge - F]Madmission
y a L 0 S number of rehabilitation session in aday

F]Mdischar e _F]M
Effectiveness(E ) =1— d
FIM, .~ FIM

The efficiency may be considered as an amount of recovery in view of allocated

admission

admission

resources. During hospitalization, functional status of patient 2 was recovered sig-
nificantly. On the other hand, functional status of patient 3 was gradually recovered.
On the other hand, the effectiveness may be considered as a ratio between an amount
of recovery after discharge and an amount of recovery for the entire period e.g. 6
months from hospital admission. Accordingly, the efficiency and effectiveness of
patient 2 is plotted at a location 602, and the efficiency and effectiveness of patient 3 is
plotted at a location 604.

Ranking of efficiency and effectiveness is based on an area under curve (AUC).
AUC for patient 2 is shown as an area 606. AUC for patient 2 is larger than AUC for
patient 3. Accordingly patient 2 is ranked higher than patient 3 in view of the ef-
ficiency and effectiveness. Other methods for ranking patient will be applicable.

Figure 7 shows an exemplary process 700 of the efficiency and effectiveness recom-
mendation engine 704 to recommend the optimal case for target patients to refer based
on the resource and schedule management engine 702, according to present example
embodiment. After ranking each of the past patients, the efficiency and effectiveness
recommendation engine 704 may check whether resource allocations used for the past
patients are applicable to the target patient in view of resource availability.

For example, in step 706, the Rank 1 case is selected, and resource allocation used
for the Rank 1 case is considered. Available resource information is obtained from the
resource and schedule management engine 702. In step 708, whether an allocated
resource for Rank 1 is within a resource constraint in view of available resource in-

formation is determined. If the allocated resource for Rank 1 is within the resource



14

WO 2018/123791 PCT/JP2017/045867

[0055]

[0056]

[0057]

[0058]

constraint, the Rank 1 case is recommended in step 710. If the allocated resource for
Rank 1 goes beyond the resource constraint, Rank 2 case is considered in step 712.

Similar to Rank 1, in step 712, Rank 2 is selected and resource allocation used for the
Rank 2 case is considered. Available resource information is obtained from the
resource and schedule management engine 702. In step 714, whether an allocated
resource for Rank 2 is within the resource constraint in view of available resource in-
formation is determined. If the allocated resource for Rank 2 is within the resource
constraint, the Rank 2 case is recommended in step 716. If the allocated resource for
Rank 2 goes beyond the resource constraint, another case will be considered or
resource availability will be redefined.

In accordance with the present example embodiment, resource allocation to a target
subject may be recommended. Such a recommendation is advantageous for the target
subject to provide appropriate advice in view of past clinical information and current
resource availability. Selecting similar cases from the past clinical information and
ranking the selected similar cases based on the efficiency and the effectiveness will
provide a recommendation of efficient and effective resource allocation. Thus, patients
can receive healthcare treatment efficiently and effectively. Also, the healthcare
institute can reduce waste of healthcare resources by the recommendation.

<Second Example Embodiment>

Figure 2B shows a block diagram illustrating a configuration of a system (i.e. a
system 250) for recommending resource allocation to a target subject in accordance
with the second example embodiment of the present invention. The system 250
includes a subject identifier 252, a retrieving module 254 and a recommending module
256. The subject identifier 252 corresponds to the functional recovery potential engine
208, and operates in the same manner as the functional recovery potential engine 208.
The subject identifier 252 identifies one or more subjects. The one or more subjects
each have states of recovery at the end of a predetermined time period. A target subject
has a predicted state of recovery at the end of the predetermined time period. The state
of recovery of the one or more subjects match the predicted state of recovery of the
target subject. The retrieving module 254 and the recommending module 256
correspond to the recommendation engine 212, and operate in the same manner as the
recommendation engine 212. The retrieving module 254 retrieves historical subject
data. The historical subject data relates to resources used for the identified subjects.
The recommending module 256 recommends one or more allocation of resources to
the target subject based on the retrieved historical subject data.

The system 250 of the present example embodiment is capable of improving effec-
tiveness of allocation of resources to a subject. The reason is that the recommending

module 256 recommends one or more allocation of resources to the target subject
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based on the retrieved historical subject data.

Figure 8 shows a schematic of a network-based system 800 for recommending
resource allocation to a target subject according to a second example embodiment of
the present invention. The system 800 includes a computer 802, one or more databases
804,...804,, a user input module 806 and a user output module 808. Each of the one or
more databases 804,...804, is communicably coupled with the computer 8§02. The user
input module 806 and the user output module 808 may be separate and distinct
modules communicably coupled with the computer 802. Alternatively, the user input
module 806 and the user output module 808 may be integrated within a single mobile
electronic device (e.g. a mobile phone, a tablet computer, etc.). The mobile electronic
device may have appropriate communication modules for wireless communication
with the computer 802 via existing communication protocols.

The computer 802 may include: at least one processor; and at least one memory
storing computer program code; the at least one memory and the computer program
code configured to, with the at least one processor, cause the computer at least to: (A)
identify one or more subjects, each of the one or more subjects each having states of
recovery at an end of the predetermined time period, the states of recovery matching a
predicted state of recovery of a target subject; (B) retrieve historical subject data, the
historical subject data relating to resources used for the identified subjects; and (C)
recommend one or more allocation of resources to the target subject based on the
retrieved historical subject data.

The various types of data, e.g. historical subject data, healthcare institute resource
availability, functional status of patient can be stored in a single database (e.g. 804,), or
stored in a plurality of databases (e.g. healthcare institute resource availability are
stored on database 804, historical subject data, functional status of patient are stored
on database 804, etc.). The databases 804,...804, may be achieved using cloud
computing storage modules and/or dedicated servers communicably coupled with the
computer 802.

Figure 9 depicts an example configuration of an exemplary computer / computing
device 900, hereinafter interchangeably referred to as a computer system 900, where
one or more such computing devices 900 may be used to facilitate execution of the
above-described method for recommending allocation of resources to a subject. In
addition, one or more components of the computer system 900 may be used to achieve
the computer 802. The following description of the computing device 900 is provided
by way of example only and is not intended to be limiting.

As shown in Figure 9, the example computing device 900 includes a processor 904
for executing software routines. Although a single processor is shown for the sake of

clarity, the computing device 900 may also include a multi-processor system. The
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processor 904 is connected to a communication infrastructure 906 for communication
with other components of the computing device 900. The communication infras-
tructure 906 may include, for example, a communications bus, a cross-bar, or a
network.

The computing device 900 further includes a main memory 908, such as a random
access memory (RAM), and a secondary memory 910. The secondary memory 1010
may include, for example, a storage drive 912, which may be a hard disk drive, a solid
state drive or a hybrid drive and/or a removable storage drive 914, which may include
a magnetic tape drive, an optical disk drive, a solid state storage drive (such as a
universal serial bus (USB) flash drive, a flash memory device, a solid state drive or a
memory card), or the like. The removable storage drive 914 reads from and/or writes to
a removable storage medium 944 in a well-known manner. The removable storage
medium 944 may include a magnetic tape, an optical disk, non-volatile memory
storage medium, or the like, which is read by and written to by removable storage
drive 914. As will be appreciated by persons skilled in the relevant art(s), the
removable storage medium 944 includes a computer readable storage medium having
stored therein computer executable program code instructions and/or data.

In an alternative implementation, the secondary memory 910 may additionally or al-
ternatively include other similar means for allowing computer programs or other in-
structions to be loaded into the computing device 900. Such means can include, for
example, a removable storage unit 922 and an interface 940. Examples of the
removable storage unit 922 and the interface 940 include a program cartridge and a
cartridge interface (such as that found in video game console devices), a removable
memory chip (such as an EPROM or a PROM) and an associated socket, a removable
solid state storage drive (such as a USB flash drive, a flash memory device, a solid
state drive or a memory card), and other removable storage units 922 and interfaces
940 which allow software and data to be transferred from the removable storage unit
922 to the computer system 900.

The computing device 900 also includes at least one communication interface 924.
The communication interface 924 allows software and data to be transferred between
the computing device 900 and an external devices via a communication path 926. In
various example embodiments of the present invention, the communication interface
924 permits data to be transferred between the computing device 900 and a data com-
munication network, such as a public data communication network or a private data
communication network. The communication interface 924 may be used to exchange
data between different computing devices 900 which such computing devices 900 form
part of an interconnected computer network. Examples of a communication interface

924 can include a modem, a network interface (such as a network card), a commu-
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nication port (such as a serial port, a parallel port, a printer port, a general purpose
interface bus (GPIB) port, an Institute of Electrical and Electronics Engineers (IEEE)
1394 port, a registered jack 35 (RJ35) port, a USB port), an antenna with associated
circuitry and the like. The communication interface 924 may be wired or may be
wireless. Software and data transferred via the communication interface 924 are in the
form of signals which can be electronic, electromagnetic, optical or other signals
capable of being received by communication interface 924. These signals are provided
to the communication interface via the communication path 926.

As shown in Figure 9, the computing device 900 further includes a display interface
902 which performs operations for rendering images to an associated display 930 and
an audio interface 932 for performing operations for playing audio content via an as-
sociated speaker(s) 934.

As used herein, the term "computer program product” may refer, in part, to the
removable storage medium 944, the removable storage unit 922, a hard disk installed
in the storage drive 912, or a carrier wave carrying software over communication path
926 (wireless link or cable) to the communication interface 924. A computer readable
storage medium refers to any non-transitory, non-volatile tangible storage medium that
provides recorded instructions and/or data to the computing device 900 for execution
and/or processing. Examples of such a storage medium include magnetic tape, a
compact disc read only memory (CD-ROM), a DVD, a Blu-ray Disc, a hard disk drive,
a read only memory (ROM) or integrated circuit, a solid state storage drive (such as a
USB flash drive, a flash memory device, a solid state drive or a memory card), a
hybrid drive, a magneto-optical disk, or a computer readable card such as a secure
digital (SD) card and the like, whether or not such devices are internal or external of
the computing device 900. Examples of a transitory or non-tangible computer readable
transmission medium that may also participate in the provision of software, application
programs, instructions and/or data to the computing device 900 include radio or infra-
red transmission channels as well as a network connection to another computer or
networked device, and the Internet or Intranets including e-mail transmissions and in-
formation recorded on Websites and the like.

The computer programs (also called computer program code) are stored in the main
memory 908 and/or the secondary memory 910. The computer programs can also be
received via the communication interface 924. Such computer programs, when
executed, enable the computing device 900 to perform one or more features of the
example embodiments discussed herein. In various embodiments, the computer
programs, when executed, enable the processor 904 to perform features of the above-
described example embodiments. Accordingly, such computer programs represent con-

trollers of the computer system 900.
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Software may be stored in a computer program product and loaded into the
computing device 900 using the removable storage drive 914, the storage drive 912, or
the interface 940. Alternatively, the computer program product may be downloaded to
the computer system 900 over the communications path 926. The software, when
executed by the processor 904, causes the computing device 900 to perform functions
of embodiments described herein.

It is to be understood that the embodiment of Figure 9 is presented merely by way of
example. Therefore, in some embodiments, one or more features of the computing
device 900 may be omitted. Also, in some embodiments, one or more features of the
computing device 900 may be combined together. Additionally, in some embodiments,
one or more features of the computing device 900 may be split into one or more
component parts.

It will be appreciated by a person skilled in the art that numerous variations and/or
modifications may be made to the present invention as shown in the specific em-
bodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to
be illustrative and not restrictive.

The whole or part of the example embodiments disclosed above can be described as,
but not limited to, the following supplementary notes.

(Supplementary Note 1)

A computer-implemented method for recommending resource allocation to a target
subject, the method including:

identifying one or more subjects, the target subject having a predicted state of
recovery at which the target subject is capable of reaching at an end of a predetermined
time period, the one or more subjects each having states of recovery at the end of the
predetermined time period, the states of recovery matching the predicted state of
recovery of the target subject;

retrieving historical subject data, the historical subject data relating to resources used
for the identified subjects; and

recommending one or more allocation of resources to the target subject based on the
retrieved historical subject data.

(Supplementary Note 2)

The computer-implemented method in accordance with Supplementary Note 1,
further including determining resources available at a point in time,

wherein the identifying the one or more subjects includes ranking the one or more
subjects based on the determined resources available at the point in time.

(Supplementary Note 3)

The computer-implemented method in accordance with Supplementary Note 2,
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wherein the recommending one or more allocation of resources to the target subject is
further based on the ranking of the one or more subjects.

(Supplementary Note 4)

The computer-implemented method in accordance with any one of Supplementary
Notes 1 to 3,

wherein the target subject has a profile characteristic which is used to determine the
predicted state of recovery, and

wherein the identifying the one or more subjects includes identifying the one or more
subjects having a profile characteristic that matches to the profile characteristic of the
target subject.

(Supplementary Note 5)

The computer-implemented method in accordance with any one of Supplementary
Notes 1 to 4,

wherein the identifying includes computing similarity among subjects using a graph-
based approach.

(Supplementary Note 6)

The computer-implemented method in accordance with Supplementary Note 2,
wherein the predetermined time period includes a period during which at least one
resource is used on the one or more subjects and a period during which resources are
not used on the one or more subjects, and

wherein the ranking the one or more subjects includes calculating a efficiency score for
each of the one or more subjects based on a degree of recovery during the period
during which at least one resource is used on the subject and a resource number of
resources that have been used during the period during which at least one resource is
used on the subject.

(Supplementary Note 7)

The computer-implemented method in accordance with Supplementary Note 6,
wherein the efficiency score for each of the one or more subjects is directly pro-
portional to the degree of recovery during the period during which at least one resource
is used on the subject and inversely proportional to the resource number of resources
that have been used during the period during which at least one resource is used on the
subject.

(Supplementary Note 8)

The computer-implemented method in accordance with Supplementary Note 6 or Sup-
plementary Note 7,

wherein the ranking the one more subjects further includes calculating an effectiveness
score for each of the one or more subjects based on a degree of recovery during which

resources are not used on the subject and a degree of recovery of the subject during the
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predetermined time period.

(Supplementary Note 9)

The computer-implemented method in accordance with any one of Supplementary
Notes 6 to 8,

wherein the effectiveness score for each of the one or more subjects is directly pro-
portional to the degree of recovery during which resources are not used on the subject
and inversely proportional to the degree of recovery of the subject during the prede-
termined time period.

(Supplementary Note 10)

The computer-implemented method in accordance with any one of Supplementary
Notes 1 to 9, further including:

displaying, on a display, the recommended one or more allocation of resources, the
resources include intensive care unit bed, medical care system and general ward bed.
(Supplementary Note 11)

The computer-implemented method in accordance with any one of Supplementary
Notes 4 to 10, further including:

identifying the profile characteristic of the target patient at the beginning of the time
period, the profile characteristic including a demographic information and a psy-
chological information of the target patient.

(Supplementary Note 12)

A computing system for recommending resource allocation to a target subject, the
system including:

subject identifier means for identifying one or more subjects, the target subject having
a predicted state of recovery at which the target subject is capable of reaching at an end
of a predetermined time period, the one or more subjects having states of recovery at
the end of the predetermined time period, the states of recovery matching the predicted
state of recovery of the target subject;

retrieving means for retrieving historical subject data, the historical subject data
relating to resources used for the identified subjects; and

recommending means for recommending one or more allocation of resources to the
target subject based on the retrieved historical subject data.

(Supplementary Note 13)

The computing system in accordance with Supplementary Note 12, further including a
determining means for determining resources available at a point in time,

wherein the subject identifier means includes ranking means for ranking the one or
more identified subjects based on the determined resources available at the point of
time.

(Supplementary Note 14)
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The computing system in accordance with Supplementary Note 13, wherein the rec-
ommending means recommends one or more allocation of resources based on the
ranking of the one or more subjects.

(Supplementary Note 15)

The computing system in accordance with any one of Supplementary Notes 12 to 14,
wherein the target subject has a profile characteristic which is used to determine the
predicted state of recovery, and

wherein the subject identifier means identifies the one of more subjects having a
profile characteristic that matches to the profile characteristic of the target subject.
(Supplementary Note 16)

The computing system in accordance with any one of Supplementary Notes 12 to 15,
wherein the subject identifier means computes similarity among subjects using graph-
based approach.

(Supplementary Note 17)

The computing system in accordance with Supplementary Note 13,

wherein the predetermined time period includes a period during which at least one
resource is used on the one or more subjects and a period during which resources are
not used on the one or more subjects, and

wherein the ranking the one or more subjects includes calculating a efficiency score for
each of the one or more subjects based on a degree of recovery during the period
during which at least one resource is used on the subject and a number of resources
that have been used during the period during which at least one resource is used on the
subject.

(Supplementary Note 18)

The computing system in accordance with Supplementary Note 17,

wherein the efficiency score for each of the one or more subjects is directly pro-
portional to the degree of recovery during the period during which at least one resource
is used on the subject and inversely proportional to the number of resources that have
been used during the period during which at least one resource is used on the subject.
(Supplementary Note 19)

The computing system in accordance with Supplementary Note 17 or 18,

wherein the ranking the one more subjects further includes calculating an effectiveness
score for each of the one or more subjects based on a degree of recovery during which
resources are not used on the subject and a degree of recovery of the subject during the
predetermined time period.

(Supplementary Note 20)

The computing system in accordance with any one of Supplementary Notes 17 to 19,

wherein the effectiveness score for each of the one or more subjects is directly pro-
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portional to the degree of recovery during which resources are not used on the subject
and inversely proportional to the degree of recovery of the subject during the prede-
termined time period.

(Supplementary Note 21)

The computing system in accordance with any one of Supplementary Notes 12 to 20,
further including a display means for displaying the recommended one or more al-
location of resources, the resources include intensive care unit bed, medical care
system and general ward bed.

(Supplementary Note 22)

The computing system in accordance with any one of Supplementary Notes 15 to 21,
wherein the subject identifier means further identifies the profile characteristic of the
target patient at the beginning of the time period, the profile characteristic including a
demographic information and a psychological information of the target patient.
(Supplementary Note 23)

A computer readable medium including computer program code for recommending
resource allocation to a target subject, the computer program code configured to, with
at least one processor, cause a computer at least to:

identify one or more subjects, the target subject having a predicted state of recovery at
which the target subject is capable of reaching at an end of a predetermined time
period, the identified subjects each having states of recovery at the end of the prede-
termined time period that matches the predicted state of recovery of the target subject;
retrieve historical subject data, the historical subject data relating to resources used for
the identified subjects; and

recommend one or more allocation of resources to the target subject based on the

retrieved historical subject data.
This application is based upon and claims the benefit of priority from Singapore

patent application No. 102016109838, filed on December 30, 2016, the disclosure of
which is incorporated herein in its entirety by reference.
Reference Signs List

100 Method

200 System

202 Receiver

204 Computer system

206 Display

208 Functional recovery potential engine

210 Patient similarity engine

212 Recommendation engine
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214 Healthcare resource and schedule management engine
250 System

252 Subject identifier

254 Retrieving module

256 Recommending module

300 Method

400 Patients

402 Patient 1

404 Patient 2

406 Patient 3

408 Patient (Target)

410 Line

412 Line

414 Cluster

500 Functional status information
502 Historical subject data

504 Historical subject data

506 Historical subject data

508 Functional status

510 Functional status

600 Efficiency and effectiveness
602 Location

604 Location

606 Area

700 Exemplary process

702 Resource and schedule management engine
704 Efficiency and effectiveness recommendation engine
710 Recommend Rank 1

716 Recommend Rank 2

800 System

802 Computer

804, Database

804, Database

806 User input module

808 User output module

900 Computer / Computing device
902 Display interface

904 Processor
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906 Communication infrastructure
908 Main memory

910 Secondary memory

912 Storage drive

914 Removable storage drive
922 Removable storage unit
924 Communication interface
926 Communication path

932 Audio interface

934 Speaker(s)

940 Interface

944 Removable storage medium
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Claims

A computer-implemented method for recommending resource al-
location to a target subject, the method comprising:

identifying one or more subjects, the target subject having a predicted
state of recovery at which the target subject is capable of reaching at an
end of a predetermined time period, the one or more subjects each
having states of recovery at the end of the predetermined time period,
the states of recovery matching the predicted state of recovery of the
target subject;

retrieving historical subject data, the historical subject data relating to
resources used for the identified subjects; and

recommending one or more allocation of resources to the target subject
based on the retrieved historical subject data.

The computer-implemented method in accordance with claim 1, further
comprising determining resources available at a point in time,

wherein the identifying the one or more subjects includes ranking the
one or more subjects based on the determined resources available at the
point in time.

The computer-implemented method in accordance with claim 2,
wherein the recommending one or more allocation of resources to the
target subject is further based on the ranking of the one or more
subjects.

The computer-implemented method in accordance with any one of
claims 1 to 3,

wherein the target subject has a profile characteristic which is used to
determine the predicted state of recovery, and

wherein the identifying the one or more subjects comprises identifying
the one or more subjects having a profile characteristic that matches to
the profile characteristic of the target subject.

The computer-implemented method in accordance with any one of
claims 1 to 4,

wherein the identifying includes computing similarity among subjects
using a graph-based approach.

The computer-implemented method in accordance with claim 2,
wherein the predetermined time period comprises a period during
which at least one resource is used on the one or more subjects and a

period during which resources are not used on the one or more subjects,
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and

wherein the ranking the one or more subjects comprises calculating a
efficiency score for each of the one or more subjects based on a degree
of recovery during the period during which at least one resource is used
on the subject and a resource number of resources that have been used
during the period during which at least one resource is used on the
subject.

The computer-implemented method in accordance with claim 6,
wherein the efficiency score for each of the one or more subjects is
directly proportional to the degree of recovery during the period during
which at least one resource is used on the subject and inversely pro-
portional to the resource number of resources that have been used
during the period during which at least one resource is used on the
subject.

The computer-implemented method in accordance with claim 6 or
claim 7,

wherein the ranking the one more subjects further comprises cal-
culating an effectiveness score for each of the one or more subjects
based on a degree of recovery during which resources are not used on
the subject and a degree of recovery of the subject during the prede-
termined time period.

The computer-implemented method in accordance with any one of
claims 6 to 8,

wherein the effectiveness score for each of the one or more subjects is
directly proportional to the degree of recovery during which resources
are not used on the subject and inversely proportional to the degree of
recovery of the subject during the predetermined time period.

The computer-implemented method in accordance with any one of
claims 1 to 9, further comprising:

displaying, on a display, the recommended one or more allocation of
resources, the resources comprise intensive care unit bed, medical care
system and general ward bed.

The computer-implemented method in accordance with any one of
claims 4 to 10, further comprising:

identifying the profile characteristic of the target patient at the
beginning of the time period, the profile characteristic comprising a de-
mographic information and a psychological information of the target

patient.
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A computing system for recommending resource allocation to a target
subject, the system comprising:

subject identifier means for identifying one or more subjects, the target
subject having a predicted state of recovery at which the target subject
is capable of reaching at an end of a predetermined time period, the one
or more subjects having states of recovery at the end of the prede-
termined time period, the states of recovery matching the predicted
state of recovery of the target subject;

retrieving means for retrieving historical subject data, the historical
subject data relating to resources used for the identified subjects; and
recommending means for recommending one or more allocation of
resources to the target subject based on the retrieved historical subject
data.

The computing system in accordance with claim 12, further comprising
a determining means for determining resources available at a point in
time,

wherein the subject identifier means comprises ranking means for
ranking the one or more identified subjects based on the determined
resources available at the point of time.

The computing system in accordance with claim 13, wherein the rec-
ommending means recommends one or more allocation of resources
based on the ranking of the one or more subjects.

The computing system in accordance with any one of claims 12 to 14,
wherein the target subject has a profile characteristic which is used to
determine the predicted state of recovery, and

wherein the subject identifier means identifies the one of more subjects
having a profile characteristic that matches to the profile characteristic
of the target subject.

The computing system in accordance with any one of claims 12 to 15,
wherein the subject identifier means computes similarity among
subjects using graph-based approach.

The computing system in accordance with claim 13,

wherein the predetermined time period comprises a period during
which at least one resource is used on the one or more subjects and a
period during which resources are not used on the one or more subjects,
and

wherein the ranking the one or more subjects comprises calculating a

efficiency score for each of the one or more subjects based on a degree
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of recovery during the period during which at least one resource is used
on the subject and a number of resources that have been used during the
period during which at least one resource is used on the subject.

The computing system in accordance with claim 17,

wherein the efficiency score for each of the one or more subjects is
directly proportional to the degree of recovery during the period during
which at least one resource is used on the subject and inversely pro-
portional to the number of resources that have been used during the
period during which at least one resource is used on the subject.

The computing system in accordance with claim 17 or 18,

wherein the ranking the one more subjects further comprises cal-
culating an effectiveness score for each of the one or more subjects
based on a degree of recovery during which resources are not used on
the subject and a degree of recovery of the subject during the prede-
termined time period.

The computing system in accordance with any one of claims 17 to 19,
wherein the effectiveness score for each of the one or more subjects is
directly proportional to the degree of recovery during which resources
are not used on the subject and inversely proportional to the degree of
recovery of the subject during the predetermined time period.

The computing system in accordance with any one of claims 12 to 20,
further comprising a display means for displaying the recommended
one or more allocation of resources, the resources comprise intensive
care unit bed, medical care system and general ward bed.

The computing system in accordance with any one of claims 15 to 21,
wherein the subject identifier means further identifies the profile char-
acteristic of the target patient at the beginning of the time period, the
profile characteristic comprising a demographic information and a psy-
chological information of the target patient.

A computer readable medium including computer program code for
recommending resource allocation to a target subject, the computer
program code configured to, with at least one processor, cause a
computer at least to:

identify one or more subjects, the target subject having a predicted state
of recovery at which the target subject is capable of reaching at an end
of a predetermined time period, the identified subjects each having
states of recovery at the end of the predetermined time period that

matches the predicted state of recovery of the target subject;
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retrieve historical subject data, the historical subject data relating to
resources used for the identified subjects; and
recommend one or more allocation of resources to the target subject

based on the retrieved historical subject data.
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