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The Design of Meeting Location Algorithm
In the setting of this problem, experts need to gather at one place departing from places all over the world in order to
participate in the IMMC meeting. Since the meeting is highly intense and requires high level of concentration, the participants
need to adjust to the new environment and reach their best status of productivity as soon as possible. Thus, wisely choosing the
optimal place for meeting becomes very important. The algorithm needs to consider every participant’s time needed for
adjustment and to ensure the quality of the meeting as well as minimize the total cost for the committee.
Model one calculates the total adjustment time by predicting the adjustment pattern of the circadian rhythm due to time
difference. Based on the properties of circadian rhythm and the importance of light exposure for the regulation of time difference,
this paper establishes a set of differential equations related to the adjustment time and alertness. Then, using the method of Euler
Approximation, a vector field is constructed to describe the trend for alertness change. We studied how long it takes for a person
from other places to adjust to regular productivity as a local after adding the time difference as an irregular disturbance by using
the features of vector field, which can show the shifts of the alertness curve. Through the establishment of the indicator function
using the state of being able to work as the standard, this paper has successfully predicted the adjustment time for any time
difference. And by enumerating and examining the total time difference and maximum time difference from the departure cities of
all time zones, the time zone of the meeting place should be obtained. As an example, the algorithm concludes that the small
meeting should be held in +9, +8, or +7 (ordered by priority).
Afterwards, this paper applies the method of controlling variables to measure the influences generated by climate differences
and flight durations. Model two examines climate difference through using the geometric properties of Fermat point. We drew the
data points in the plane, and advanced Fermat point so as to evaluatethe similarity between departure cities and destination cities.
While doing this, not only can we minimize hazardous impacts participants would suffer from due to climate constraints, but we
can further use latitude to restrain meeting regions. To acquire specific recommended meeting sites, this paper considers flight
duration in solving this problem. Long time journey could generate considerable amount of languor, making it more difficult for
participants to adjust their circadian cycle. Thus, this paper builds practical differential equations to simulate this process. The
2

nonlinear fitting with data points resulted in a high R ’s value of 0.99, demonstrating the effectiveness of these equations. Finally,
by investing Euler’s angle, this paper designs a transformation matrix. After employing nonlinear programming method, we were
able to select several recommended cities for holding the meeting.
There are several innovative breakthroughs in the algorithm designed in this model. The ingenious design of alertness
function is a highlight of this paper. This function not only reveals the mechanism of circadian rhythm and predicts adjustment
scheme to jet lag accurately, but its integration over time could also be used to measure productivity which is the goal of decision
in this problem. Euler’s Approximation Method is applied to its greatest extent as well, generating planar vector field based on the
differential equation to help predict adjustments to the irregular disturbance in alertness caused by jet lag, which could never be
achieved by only giving a unique solution to the differential equation. While discussing climatic differences, the algorithm uses
properties of High Degree Fermat Point to limit the latitudinal regions for the meeting. By making a flexible use of matrices, our
flight duration model also uses conclusions from Euler Angles to formalize the nonlinear programming. Incorporating sensitivity
analysis is also an important step that increases the universality of the model across seasonal and synoptic variance. These
highlights make the model both efficient and practical at the same time.
Using the algorithm involved in this paper, taken the big meeting as an example, this paper suggests that the conference
should be held in Khabarovsk (Russia), Belconnen (Australia), or the Mediterranean.
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I. Introduction and Problem Restatement

Blue: Input & Output;
Red: Innovations;
Red: Significant points.

This paper conducts studies concerning the site selections of international conferences.
It is a conventional requirement that participants of international conferences should sustain
appropriate conditions so as to meet the need of alertness in high-quality meetings. Notwithstanding
this demand, participants usually have to suffer from varied levels of ordeal in aspects of body
functions during their travel to meeting locations, which would lead to severe consequences afterwards.
As for participants themselves, the tortuous impact they suffer would hinder their ability of providing
sufficient output for the meeting. Further considering the universality of such dilemma, if a
considerable amount of participants is under low-output conditions, the quality of this conference could
not be assured. Specifically to this question, we hence should minimize the total impact caused by jetlag for all those participants who are destined to join IMMC. More importantly, in order to overcome
jet-lag, not only should we consider the impact generated by crossing time zones, but we should take
the effect produced by biological clock’s stickiness which is disturbed under a new circumstance into
consideration as well. Comparing the problem’s requirement with the adjustment athletes undertake
while competing in different countries, we discovered that these two scenarios were quite similar, as
both of them depicted a progress of people’s recovery in alertness. Based on this breakthrough, we
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researched studies on this aspect and came to a conclusion that 10 hours’ time zone difference would
require approximately 7 days’ recovery period. Simultaneously, we were able to shift our focus from
time zone difference itself, to the essence of this question—the circadian rhythm of human body.
According to massive information provided by past documents, the oscillation of circadian
rhythm is directly connected with individual’s alertness level, thus affecting body functions’ necessary
adjustmenttime directly. In addition, we further discovered that the factor that functioned during the
adjustment process is a hormone, melatonin, which could represent fatigue when reaching certain
concentration, and is vehemently controlled by spontaneous sunlight. Based on these studies, we
designed model 1, using sunlight’s intensity to accommodate and measure body’s alertness, so as to
create differential equations to quantify the variation tendency of alertness during the journey through
the establishment of a planar vector field. By adding time differences as irregular disturbance factor,
deviating from normal circadian rhythm, the vector fields’ establishment helps us to forecast the
alertness function’s tendency under every possible time zone differences. Thus, we could restrain
convention’s possible location to a specific time zone, in which the total recovery time of participants
required due to time differences is minimized.
Furthermore, the stickiness brought by intrinsic living habits is also a vital element in measuring
participants’ alertness level. If the environmental conditions of selected site varied too vastly compared
with participants’ hometown conditions, they would spend considerable efforts in adjusting themselves
to adapt the new environment, causing unnecessary deductions to recovery efficiency. Therefore, we
adopted climate factors in measuring recovery time under this circumstance, and established model 2.
By restraining climate pattern, we could set restrictions on latitude of the former time zone. Thus, we
have successfully schematized restrictions on longitude as well as latitude.
In order to locate the site to specific cities, we took long time flight’s productions on body fatigue
level into consideration, designed model 3. Through putting Euler’s angle and transformation matrix in
use, we used airlines to minimize the recovery time in this session, and finally became able to orientate
a suggested city for holding the conference.
Combining the functions of these 3 models together, we can generate a specific list of
recommended cities, where the general recovery times for all participants are guaranteed to be
minimized.
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II. Variables Assigned
Symbol

Type

Unit

Explanation

E

Dependent variable

/

Alertness level

k , p, q

parameter

/

Parameters set when fitting

T

Independent variable

Centigrade

RH

Independent variable

%

v
x
z
R

Evaluation indication

/

Evaluation indication for climate function

Independent variable

radians

Longitude of chosen position

Independent variable

radians

Latitude of chosen position

Constant

km

Radius of the Earth

The chosen month’s average temperature of
chosen position
The chosen month’s average relative
humidity of chosen position

III. Assumptions
1.The time needed to adjust to jet lag is only determined by the number of time zone crossed, amount
of light exposure, and fatigue degree.
Justification: The adaptation mechanism of an organism is too complicated to be put into a
mathematic model as a whole. Based on current research papers on the topic, a person’s drowsiness
degree is mostly determined by melatonin, a hormone affected largely by sunlight. Thus, we only
consider the above three factors.
2. Sunlight intensity follows normal distribution with average at 12 o’clock at noon.
Justification: According to research paper and life experiences, sunlight intensity increases
before noon and decreases afterwards continuously.
3. Participants do not actively use methods themselves to help adjust to the time difference.
Justification: The randomness of these methods are unpredictable. Light exposure and alertness
value are the two major factors that we focus on, and we need to assume that the participants do not
actively change the amount of adjustment time needed.
4. All participants have no abnormal health conditions.
Justification: The effects of different medical conditions are unpredictable. Also, any participant
that has too serious health problems shall not be allowed to take the flight. Even if there is health
problem with the participant, the effect wouldn’t be large. Thus its influence can be neglected.
5. The airline is set so that the plane goes through the shortest route possible. The average speed of
each airline is the same.
Justification: The specific designs of airline, and the weather constraints are too complicated to
be included in the model. We do not consider irregular airlines.
6. The temperature and relative humidity of regions in the same climate zone are similar, and can be
represented by the average temperature and humidity of the climate at that specific time of the year.
Justification: The climate distribution system widely recognized by the world considers each
region’s amount of sunlight and other geological factors. Under this system, we can safely assume that
all regions under the same climate zone have similar temperature and relative humidity.
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IV. Construction of Model
4.1 Sub-model 1: Light’s effect on jet lag: the Alertness Function
4.1.1 Model Constructing
According to hypothesis 1, this model mainly studies the influence of time difference on the
adjustment time of the participants, including the direct time difference between the two places and the
fatigue caused by the flight. This model built the alertness function to describe people’s working
efficiency in different stages of adjusting to jet lag. From the function, we further established an
evaluation indication to determine how long the participants need to adjust and reach efficient working
level given the specific time and flight time, so as to find a suitable time zone to ensure every
participant to attend the meeting in a timely and efficient manner, and at the same time minimizing the
total adaptation time needed to reduce the cost of accommodation for the committee.

4.1.1.1 Alertness Function and Euler approximation
In this model, we study the mechanism of jet lag to derive the time needed to adjust to the time
difference in order to choose a meeting place for the participants. Studies have shown that different
hours of light exposure make people develop different working habits and jet lag. The circadian rhythm
([1]) is also heavily dependent on light exposure. This is because the biological clock is mainly affected
by melatonin, and light will stimulate the relevant receptors that inhibit the secretion of melatonin.
When melatonin reaches a certain high level, the body goes to sleep, and vice versa. In this model, we
set up a set of differential equations to describe the physiological cycle of human and the mechanism of
self adjustment. Further, because the melatonin concentration is representative of the people sleepiness,
rather than people's consciousness level, in order to easily measure the efficiency of the participants,
we described the reverse effect for melatonin, so as to construct the alertness function. By integrating
the alertness function, we can quantitatively measure the contribution of the participants.
Because melatonin is suppressed by natural light, people are more likely to be tired and sleepy
at night, resulting in reduced alertness and efficiency level. So we can see that people are more likely to
work efficiently when exposed to large amount of light. Previous studies have shown that light
exposure is normally distributed with regard to time, and its pattern repeats every 24 hours. By
considering the consumption of alertness (exponential decay) and the alertness increase due to light
exposure, we have listed the following differential equations:

⎧ dE1
⎪⎪ dt = k1I (t )
(k1 , k2 > 0)
⎨
⎪ dE2 = −k E = −k ( E + E )
2
2
1
2
⎪⎩ dt

E1 stands for the increased amount of alertness brought by light
exposure, and E2 stands for the exponential decay part of the model. E , total amount of alertness, is
In the equation above,

the sum of the two.
Since directly solving the differential equation group is too complicated, we used the Euler
approximation method to get the numerical solution in order to better study the patterns of change of
the alertness level. The Euler approximation method turns a continuous problem into a discrete one,
and it is very effective to generate the vector field on the plane to expose the variation of the variables
in the presence of irregular disturbances. This effectively gives a prediction of people’s adjustment
patterns given the time difference, and helps analyze the time needed for adjustment.
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By graphing E (t ) = E1 + E2 , we can figure out many different properties of alertness level, and
we can observe how humans self adjust their circadian cycle to time difference.
The diagram above depicts the original circadian rhythm of human beings as an alternation of
dose model. The injection initiates from the time when individual starts to bathe themselves under
splendid sunshine (instead of a fixed moment in original dose model), while the concentration of dose
still maintains its property of exponential recession, according to the distribution of sunshine intensity
along with the passage of time. From this diagram we can conclude that the alertness level could
maintain relatively high conditions during day time due to sufficient sunshine, likewise, relatively low
during nighttime, in which 8 pm appears to be a critical transition point when people start to prepare for
sleep. The function is periodic, setting 24 hours as its least positive period. All these elements
demonstrate that the model is of great practical meaning and importance.
Based on this result, in order to simulate living habits’ impact on formation of new circadian
rhythm, while calculating alertness level, we used the level a person initially possessed and the level he
formed on the previous day to generate an average level value to illustrate the viscosity a person suffers
when modifying his circadian rhythm. This struggle could be concisely revealed in the graph above.
Further imitating the actual situation a person faced while boarding, we illustrated functions as below:

In this diagram, the orange line refers to the accommodating progress a person conducted under
10 hours’ time difference, while the blue line depicts the original circadian rhythm for inhabitants from
destination. Specifically, the vector field generated by differential equations could depict each slight
movement with respect to circadian disorder, which helps us to observe people’s automaticallyadjustment process. From the diagram we can conclude that, during the first period, both of the
circadian rhythms have been revealed, and the time difference is evaluated by the phase difference
between two curves. During the second period of the diagram, the person’s struggle initiated. As soon
as he was prepared to continue with his circadian rhythm patterns, he boarded the plane, and spent the
entire flight time without sufficient sunlight exposure. Within this period of time, as is emphasized by
the blue frame above, due to the ordinary alertness’ reduction, his alertness decreased dramatically even
before its climax, which generated considerable fatigue feelings for him. After this period, he got off
the plane, withholding his drowsy body. From the graph we can observe, his alertness has already
reached a minimal level due to long time journey. He should have been prepared for bed according to
regular habits, yet considering the arriving time happened to be morning in his destination city, his
alertness started to increase as a consequence of direct sunlight. This vehemently contrasted his living
habits, so as to bring tortuosity to his body. As he was occupied by confronting circadian disorder, it is
unreasonable to require him to participate in high-quality conferences at this moment. His struggle
came to an effort some time afterwards in the next few days, when he gradually disposed some of his
old living habits and shifted his circadian rhythm to adapt to local routines. This process can be
depicted by the reformation of the orange curve, which struggled to imitate the blue curve.
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To take a step further, we then simulated the accommodating process under circumstance of 6
hours’ time difference, as the graph above depicted. Compared with the former graph, we can conclude
that the initial phase difference is much smaller than the previous one, demonstrating that the closer the
time zones are, the easier a person’s adjustment would be. Meanwhile, as the graph illustrated, the
orange line achieved approximate similarity with the blue line by relatively rapid progress,
demonstrating the person’s relatively fast adjustment to local routine. This reduces his necessary
recovery time, after which he would be capable of devoting himself into high-efficiency work.
Further deducing these results, we find it necessary to seek for an exact moment when this person
is capable of handling his life afterwards. Thus, we constructed an evaluating function to solve this
problem.

4.1.1.2 Indicator Function
Having found human’s circadian rhythm and how people would adjust this rhythm under jet
lag. This indicator function that is now being introduced gives a standard of when the participants
would be ready for the conference, by means of considering the difference between local (city of
arrival) people’s circadian rhythm and the participant’s alertness function.
As mentioned before, the integration of the alertness function is the efficiency or contribution
by each participant, and the local circadian rhythm could be considered as a standard to reach.
Considering these factors, the indicator function for sufficient alertness is defined as follows:
/012

𝑓 𝑡 =
/

𝐸%&'(% − 𝐸*(+,-'-*(.,

This indicator uses area between two alertness functions to measure the difference between the
circadian rhythms of local people and participants, which is, as previously analyzed, a decent approach
to indicate how much the participants have adjusted or recovered from the jet lag. The local people’s
circadian rhythm is clearly a desirable state where maximum intelligence could be reached. By using
Euler’s Estimation once again, we have generated the following diagram to indicate the trend of this
indicator function. The threshold (orange line) of the indicator function’s value is set due to a set of
data provided by Reference 1, and the graph of this function is drawn as follows (blue line is the
indicator function):

As indicated by the graph, the indicator function generally decreases over time, which means that
the participants would eventually approach optimal efficiency. The intersection between the two lines
would be the adjustment time required by the participants under specific cases.
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4.1.1.3 Effect of Flight Duration
In 4.1.1, it is derived that the previous sub-model is considering both the effect of jet lag itself
and the tiring flight duration. Both would require certain restoring time, with one by phase difference of
circadian rhythm, and the other unexpected decay of alertness. In order to separate these two
determinant’s effects to only investigate jet lag’s influence, this model elaborates the effect of solely
flight duration with a fixed time-zone difference (following example used +6 hours time difference).
Under certain time difference, we have selected different flight durations and observed
corresponding adjustment time required by the indicator function. In order to fit these sets of data, a
differential equation is built to theoretically describe the flight duration’s effect on adjustment time:
d𝑡
= 𝑘 𝑝 − 𝑡 𝑡 − 𝑞 ，𝑘 > 0
dT
The basis for the construction of this function are listed as the following:
(1) 𝑘 is positive meaning that the adjustment time function is monotone increasing. This is
because of the fact that the longer the flight is, the more tired people would be feeling.
(2) The term 𝑡 − 𝑞 is making sure that the line 𝑡 = 𝑞 is the lower asymptote of the function.
Due to the existence of jet lag itself, which is independent from flight duration, there shall be a
lower boundary to the effect of flight duration. If not, this would be saying that when the flight
is fast enough, jet lag wouldn’t exist, which is clearly not the case. Constant 𝑞 here is the
direct effect brought by solely the jet lag hence.
(3)

𝑝 − 𝑡 assures the upper boundary exists. This is due to the fact that the exponential decay of
alertness flight time is bringing is limited, and the alertness would never become negative.
Therefore, as the flight becomes longer, its decrease effect on the alertness is decreasing itself,
resulting in an upper boundary of its effect.
By solving this function and using Matlab to do nonlinear fitting, we obtained the following

result:

𝑡=

49.93
+ 71.23
1 + 𝑒 AA.BCD1.EF2G
𝑅 1 = 0.9948

The very high 𝑅 1 value (1 being the highest, meaning all points perfectly on the line) means that
the quality of this fitting is very high, which directly affects the appropriateness and correctness of the
differential equation selected. In this formula, the coefficient before 𝑇 is negative, which means that
when 𝑇 increases, the denominator decreases, and 𝑡increases. This matches the real life situation
where longer flights cause more discomfort, needing longer adjustment time. 𝑡 = 71.23 here as the
lower boundary indicates that a +6-hour time difference needs 71.23 hours to adjust. By using only one
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sub-model, the mechanism of flight duration and the jet lag’s pure effect are both revealed, making this
step efficient and essential.

4.1.1.4 Jet Lag and Adjustment Time
Based on the result from 4.1.3 that 71.23 hours is the adjustment time needed for +6 hour of
jet lag, we have done the same process on the other differences as well to list out all of the possible jet
lags. Then we calculated the total time of adjustment needed for every time zone for each conference,
and resulted in the following tables:
Smaller conference:
Time Zone

-11

-10

Adjustment

>7

>7

Time

days

days

Time Zone

0
695.3

Adjustment
Time

-9

-8

-7

-6

-5

-4

-3

840.8

801.6

802.9

803.5

>7days

1

2

3

4

5

6

7

8

9

10

631.3

684.3

697.2

>7

>7

days

days

695.7

567.8

535.5

482.6

611.4

>7
days

-2

>7days

-1

>7
days

12

738.2

>7
days
11
>7
days

Priority (minimize total adjustment time to cut down the committee’s cost on hosting and arranging
accommodation) of Time Zone: 9, 8, 7, 10, 1, 2, 0, 6, 3, -1, -8, -7, -6, -9
Big Conference：
Time Zone

-11

-10

Adjustment

>7

>7

Time

Days

Days

Time Zone

0
1121.8

Adjustment
Time

-9

-8

-7

-6

-5

-4

-3

-2

1686.8

1654.3

1564

1

2

3

1085.9

1127.8

1244.7

>7

>7

>7

>7

>7

Days

Days

Days

Days

Days

4

5

6

7

8

9

10

1378.8

1351.7

>7

>7

Days

Days

1028

1040.2

1269.7

Priority of Time Zone: 8, 9, 1, 0, 2, 3, 10, -1, 5, 4, -7, -8, -9

4.1.5 Sensitivity Analysis

Above is the sensitive analysis with respect to the daily total amount of sunlight exposure. The
result could be efficiently adopted to seasonal and weather conditions’ (rain or shine)variances, thus of
significant practical use.

-1
1275.8

12
>7
Days
11
>7
Days
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4.2 Sub-model 2: The Climate Model
4.2.1 Model Construction
In addition to the impact of time difference on the physical condition of experts, another important
consideration is the climate difference between the initial point and destination. When the body is in a
new environment, the body will go through a self regulatory process to adjust to it. The larger the
environmental difference is, the more difficult the adjustment becomes. Model 1 has determined the
optimal longitude range according to time difference in order to further narrow down the scope, while
model 2 takes the influence of climate into consideration to determine the range of latitude. According
to information collected, we solved this problem from two perspectives:
1. Select the location where the climate is the closest to the standard climate condition.
A research paper from the University of Hong Kong shows that the human body is the most
comfortable and productive in an environment where the temperature is about 25°C and the relative
humidity is about 50%.
2. Select the location where the climate is the closest overall to the departure cities.
At this location, the sum of the climate difference from the departure cities should be the
smallest so that the participants could find it easier to adjust to the local climate.
Based on the two perspectives mentioned above, we used methods to solve the model
correspondingly as follows:

4.2.2 Standard Climate Condition
4.2.2.1 Basic Assumption
1) The temperature and relative humidity value are the similar for same types ofcimate.
Justification: There is only one world-recognized climate distribution system which inspects the
amount of sunshine and other geographical environment of the region altogether. Therefore, it is
reasonable to believe that the values of temperature and relative humidity can be held same in different
regions of the same climate type.

4.2.2.2 Model Construction
Considering that there is a similar temperature and humidity distribution in the same climate type,
we need to compare the data we acquired from official database of different types of climate to the
known standard. When measuring the difference between the real situation and the standard, we first
need to come up with an indication function that satisfies the following: it can’t be the sum of the two
value: considering that the output for places with 35°C and RH 68% equals the output for places with
26°C and RH 75%, and their outputs are both higher than the output of the standard situation. For the
same reason, it can’t be the product of the two values. Observing that 25 and 50 is of the middle range
of the temperature and humidity value and that its output should be higher than the rest in this case, we
came up with the evaluation function as shown below:
⎛T ⎞ π
⎛ RH ⎞ π
v = sin(⎜ ⎟ ⋅ ) ⋅ sin(⎜
⎟⋅ )
⎝ 25 ⎠ 2
⎝ 50 ⎠ 2
Among them, T was the monthly mean temperature of the inspected sites, and RH was the
monthly mean relative humidity of the inspected sites. By using the monthly mean temperature and
humidity in different climate, we can calculate the value of different

v

as the indication to measure
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the difference between the real and the standard condition. It is only when the value are the same as the
standard condition that the output of the indication is the maximum 1 (we know that this function is
periodic, but other values won’t be able to fit into the real situation). The range of this function would
be [−1,1] . The value of this function can be used to directly indicate the difference between the climate
condition of the real situation and the standard condition.
In this model, in order to represent all the temperature and humidity around the world, we
established a three-dimensional coordinate system, with x, y axis representing the latitude and
longitude, and the Z axis representing the value calculated according to the indication function. In this
way, we select representative and non extreme climate types, and get the three-dimensional map with
convex and concave:

The higher the floating plate is, the more suitable it is as a meeting place in terms of standard
consideration. With the suitable time zones selected in model 1, we cut the map in the longitude
direction and get the cutting section as shown below (June in the left, January in the right):
+9 Time Zone:

+8 Time Zone:
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+7 Time Zone

+1 Time Zone:

Thus, we further lock the appropriate selection in the following areas (in the order of priority):
Small Meeting:
(+9) 127.5°E-142.5°E, 32°N-40°N;
(+8) 112.5°E-127.5°E, 40°N-60°N;
(+7) 97.5°E-112.5°E, 45°N-50°N.
Big Meeting:
(+9) 127.5°E-142.5°E, 40°N-60°N;
(+8) 112.5°E-127.5°E, 30°S-35°S;
(+1) 7.5°E-22.5°E, 31°N-33°N.

4.2.3 Minimizing Climate Differences
In this model, as there are two factors needed: temperature and relative humidity, we constructed a
plane rectangular coordinate system based on the two dimensions and each city can be represented by a
coordinate point on the plane. In this way, we can quantify the difference in climate to the distance
between points, and the point that minimizes the total distance from it to each other point on the plane
represents the optimal climate. At the same time, in analogy to the third order Fermat Point, we are
looking for a high order Fermat Point in a polygon.

4.2.3.1 Assumptions
1) The larger the climatic difference is, the larger the effects climate difference has on body
comfortableness.
Justification: From research and everyday experience, we know that larger climate difference
means larger gap between the new environment and the one that the person is most used to. When the
participants are required to leave their accustomed environment and enter a new one, the smaller
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difference there is between the two environment, the less likely the body is going to sense the
difference and the easier it is for the participant to continue the usual life style. On the contrary, if the
gap is huge, the participant needs to change his or her life style to adjust to the environment and that
time of adjustment equals to low body comfortableness.

4.2.3.2 Solution and Results
We construct the plane rectangular coordinate system with temperature on the x-axis and relative
humidity as the y-axis. The departure cities of two conferences given in the dataset are represented as
follows:

A solid point means the same data is taken into account twice when calculating, as in the small
conference there exists two cities with same climate and the large conference has two participants
coming from the same city. As shown in the graph, the coordinate points when connected together
forms a closed graph, and the Fermat Point of the polygon represents our optimal condition. The target
point has a minimum total distance from all coordinate points representing departure cities.
We used Matlab to solve for the result. The result is as shown:

Optimal temperature and humidity for small meeting: 15.00°C, 74.75% (Subtropical monsoon climate)
Optimal temperature and humidity for large meeting: 3.45°C, 77.99% (Temperate monsoon climate)

4.2.4 Analysis of the result
Comparing the two results give by the two aspects, we found that:
1.

For the small conference, standard climate condition gives the result of “(+9) 127.5°E - 142.5°E,
32°N - 60°N”. According to the climate distribution map, the region is within the Subtropical
monsoon climate zone. Meanwhile, the result from minimizing the climate difference “15.00°C,
74.75%” also lies in the criteria of Subtropical monsoon climate.
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For the large conference, standard climate condition gives the result of “(+9) 127.5°E - 142.5°E,
40°N - 60°N”. According to the climate distribution map, the region is within the Temperate
monsoon climate zone. Meanwhile, the result from minimizing the climate difference “3.45°C,
77.99%” also lies in the criteria of Temperate monsoon climate.
To conclude, the two different approaches reaches equifinality with regard to cities given in the

dataset. If the two approaches give different results, the final model—travel distance connected with
fatigue degree—can offer a helpful guide in choosing between the different result and finally
optimizing the destination point.

4.3 Model 3: Travel Distance connected with Fatigue Degree
4.3.1 Model Constructing
Based on the region restricted by model 1 and model 2, in order to further specify meeting
location to cities, we still have to consider implemental factors which would also contribute to
maximize the total productivity of experts. Considering that except influences generated by jet-lag and
climate changes, the time individual spend during flights would also affect one’s body function. This
could be examined from two perspectives. On the one hand, due to the enclosure circumstance on
board, the spontaneous sunlight intensity received by individuals is limited; while melatonin—a
contributor to body’s fatigue—is basically restrained by direct sunlight, the reduction of brightness
could lead to an increase in concentration of melatonin, thus dragging body perceive languor gradually.
Hence, the longer the person is isolated from sufficient sunlight, the more his fatigue degree would
become. On the other hand, experiences during flights have demonstrated that even under carefully
arranged conditions, it is still quite uncomfortable and easy to catch turbulence on board, which would
contribute to a lack of efficient reorganization. To sum up, if the time on plane is not appropriate,
individuals would not maintain sufficient alertness level to participate the meeting.
Therefore, we adopted model travel time VS required adjustment time from model 1, combining
with further assumptions, transformed this issue.

4.3.2 Assumptions
1) The airline is set so that the plane goes through the shortest route possible. The average speed
of each airline is the same.
Justification: The specific designs of airline and the weather constraints are too complicated to
include in the model. We do not consider irregular airlines. Besides, while minimizing total adjustment
time of participants, the shortest routes are the basic conditions that are required to sustain.
2) The flight distance is equal to its projection on earth’s surface.
Justification: As the distances mentioned above share the same radiances of arc, and noting that
earth’s radius is approximately 6371 kilometers, while common flight altitudes are ranked between 6 to
12 kilometers, the disparity on magnitude makes this adjustment plausible as well as reasonable.

4.3.3 Model Building
According to assumptions listed above, we can use travel distance as a substitute to the original
flight time in model 1. This adaption is not only reasonable, but more direct in locating specific cities
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among restricted regions. Thus, in order to measure fatigue related to travel distance, we should first
examine the distance between each departure cities and spots in restricted regions, then evaluate each
participant’s fatigue degree by using altered new model, and finally minimize these fatigue degrees to
come up with the most suitable destination.
We approach the solution by putting the earth into a 3-D coordinate system, where equator lies on
x-y plane, and meridian lies on y-z plane. To initiating the process, we have to show the coordinate of
randomly picked docs on the earth’s surface. Realizing we should fully make use of the already-known
longitudes and latitudes of each city on earth, and recalling the pattern of Euler angle, we can design a
transition matrix to determine the exact coordinate of cities under this coordinate system as following:

Let’s assume that A has the initial longitude of x1 , and latitude of z1 , while B has the initial
longitude of x2 , and latitude of z2 . Variable x is in accordance with longitude, while west longitude is
designed to be negative, and east to be positive; variable z is in accordance with latitude, while south
latitude is negative and north positive. Based on these information, the coordinate of A could be shown
as below:

⎛
⎛ X 1 ⎞ ⎜⎜ cos z1
⎜ ⎟
⎜ Y1 ⎟ = ⎜ 0
⎜ Z ⎟ ⎜ sin z
1
⎝ 1⎠ ⎜
⎜ cos x
⎝
1

0
cos z1
0

= ( R cos x1 cos z1

⎞
0 ⎟ ⎛ cos x1 − sin x1 0 ⎞ ⎛ R ⎞
⎟ ⎜
⎟ ⎜ ⎟
0 ⎟ ⋅ ⎜ sin x1 cos x1 0 ⎟ ⋅ ⎜ 0 ⎟
⎟ ⎜
0
0
1 ⎟⎠ ⎜⎝ 0 ⎟⎠
0 ⎟⎟ ⎝
⎠
R cos z1 sin x1

R sin z1 )

T

Among which R refers to the radius of the earth. Thus, A could be defined by its longitude and
latitude as ( R cos x1 cos z1 , R cos z1 sin x1, R sin z1 ) , B likewise. The first matrix completes the rotation

of initial position of ( R,0,0 ) regarding longitude, and the second matrix provides support for rotation
on aspects of latitude.
Observing our outcome, it’s easy to find that this coordinate possesses the same property as a
vector do, thus we could adopt similar measurements in its further calculations.
After accomplished the determination of coordinates, the following step lies to be evaluating
distances between two spots on earth’s surface. Taking vectors properties on Cartesian coordinate
system, which is shown as:

cos a, b =

a ⋅b
a⋅b
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We can adopt this formula into this case and calculate the anger between vector A and B to be:

cos A, B =
=

A⋅ B
A⋅B
R 2 (cos z1 cos x1 cos z2 cos x2 + cos z1 sin x1 cos z2 sin x2 + sin z1 sin z2 )
R 2 cos 2 z1 cos 2 x1 + cos 2 z1 sin 2 x1 + sin 2 z1 ⋅ cos 2 z2 cos 2 x2 + cos 2 z2 sin 2 x2 + sin 2 z2

= cos z1 cos z2 cos( x1 − x2 ) + sin z1 sin z2
Furthermore, according to relations of radiance and circular length, the distance between A and B
could be calculated as:

l A, B = R ⋅ a, b = R ⋅ arccos(cos z1 cos z2 cos( x1 − x2 ) + sin z1 sin z2 )
By now, we have accomplished the determination of distances among any two cities on earth
regarding their longitude and latitude. The brevity and conciseness of this outcome makes it highly
practical, thus convenient to put in use for the following steps.
After this, we could substitute the above result into travel distance—fatigue degree model as
following:

t=

49.93
+ 71.23
1 + e11.56−2.894l

Among which l refers to the distance shown above. In order to minimize total fatigue degree of all
participants, we should restrain the distance to restricted regions generated by the first two models, and
minimize the total adjustment time. Taking GMT +9 time zone as an example, this procedure could be
done by the following:

⎧
⎪
⎪127.5 ≤ x ≤ 142.5
⎪
⎨32 ≤ z ≤ 40
⎪
6
⎪( x, z ) = ⎧⎪( x, z ) Min ⎧ t ⎫⎪⎫
⎨
⎨∑ 1 ⎬⎬
⎪
⎩ i =1 ⎭⎭⎪
⎪
⎩
⎩
Among which x and z refers to the minimized exact longitude and latitude.
Applying Matlab in solving this nonlinear programming problem, we acquired final output as
listed: (in the order of priority)
Small Meeting:
+9 Time Zone (39.341,129.65)

Osaka, Japan

+8 Time Zone (40.712, 112.5)

Ulanqab, Inner Mongolia

+7 Time Zone (49.4857, 100.038)

Mongolia

Big Meeting:
+9 Time Zone (46.823,136.262)

Khabarovsk, Russia

+8 Time Zone (-32.1334663,116.522614)

Belconnen, Australia

+1 Time Zone (31.00751949, 17.82633919)

Mediterranean
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V. Conclusion, Strength, and Weaknesses
5.1 Conclusion
In this paper, the influence of the change of time zone, climate and seasonal change on the state of
participants is evaluated, and the optimal location is determined. Specific problem solving process is as
follows:

This paper considered the related content of circadian rhythm, established alertness function using
differential equations, and solved them with the method of Euler approximation. The obtained results
can be used not only to limit the optimal range of longitude, but also to generate a plane vector field
that can adjust accordingly to the disturbance to determine the time needed for human body to regulate.
Taking the real situation into error analysis, we found that our alertness function has a high
applicability with R1 value equals to 0.9984.
Meanwhile, the sensitivity analysis result of the important factor of the model—the amount of
light exposure is 65.44%. The result shows that, whether when the light exposure is insufficient like in
winter days and cloudy days or when the exposure exceeds the mean value like summer days, this
model still has strong applicability, which can meet the demand of all kinds of situation.
Based on that, this paper further considered the influence on alertness in terms of climate.
Thinking from two different perspectives: the optimal temperature and humidity environment in which
the participants can reach a maximum output and the place where the participants need to have the least
change in terms of climate, we used the methods of constructing the climate indication function and
using the property of the advanced Fermat point to build the model. Using these two perspectives, we
coincidentally came up with the same result for the limit of the latitude.
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Based on the limits for latitude and longitude, this paper connected the length of the flight with
the alertness in the end. We used tools like rotation matrix and vector operation along with the thought
of Euler angles to identify the most suitable location as the meeting pointed the defined area above.
In this paper, step by step, our interlocking program is able to select the most suitable meeting
point when the value of the participants’ city's latitude, longitude and objective environmental
indication is known in accordance with the scheme described in this paper. As shown, this is our
solution to the global conference site selection.

5.2 Strengths, Weaknesses and Future Improvements
Strengths
1) Importance of considerations of essential factors:
This article not only considers exterior factors like time zone difference and climate, but also
thinks in terms of biological essence of the human body change after the interference. In this way,
the results can be more in line with the actual situation. Such as in model one, the consideration
for factors like melatonin and light exposure is based on the studied of human body’s operation
system. We measured the body’s operation as whole, so as to obtain a macro understanding of the
situation.

2) The overall applicability of the model
In this paper, it is proved that the selection system has a strong practical applicability in many
cases in which the conclusions of our model are consistent with those of the actual cases. For
example, in model one, when considering the time needed for human body to adjust in accordance
with time zone difference and flight duration, we found out that their distribution is similar to the
logistic function by which our fitting result has proved (R^2= 0.9948).At the same time,
associating with our real life experience, we can see that it’s true that when the flight duration is
short, people won't find it hard to adjust to their regular state. We can also see that when the flight
duration is too big it’s also true that people may find that there is no difference between adjust to
the 11 hours long flight and 12 hours long flight. Meanwhile the duration change in between may
have a larger influence which is also in accordance with the results of our model.

3) Innovative Points:
The design of the alertness function, the usage of the Euler approximation to deal with the
differential equations, build the rotation matrix with the properties of the Euler angle, usage of the
property of the advanced Fermat point to minimize the difference between the climate, use the
evolution function to quantify the comfort level of one climate, realizing the stickiness go the
circadian rhythm.

Weakness
1)

Limitation of using average values
In theory, we can get an accurate position by the model, but since the dispersed
distribution of the earth, andthe data used are average values thus not so precise, it is
possible that our results lead to a certain point on the sea, or can only find cities
relatively close to the optimal result yet does not perfectly meet the conditions.
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The limitations of data sources
There are not a lot of data on relative humidity online that we can find. Our data mostly
come from few sources. The veracity is therefore unable to verify and the missing data
from the source cause some limitations.

3)

Limitation of programing skills
Due to the limitation of programing skills and time, we were unable to write a thorough
program for the model, but can only do manual input and get the result step by step.

Future improvements
1) Another possible approach for the climate model
This paper has considered the use of K-MEANS in the climate part of solution set for
data clustering analysis, then the design of vector units, to characterize different types of
climate differences in the angle between two vectors, the variable is not only the angle,
but the argument. If we have enough data points and sufficient time, using such an
approach not only can improve the accuracy climate model, but can also make the model
simpler and intuitive.
2)

Programming
We can further study the programming method, so that we can leave the computing
process to the computer. This not only saves a lot of time, but can also arrive at a simple
algorithm.
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