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Abstract – This paper takes the appearance of various taxi-hailing software in the Internet era as the background. 

Taking some taxi data in the United States as the research object, discretizing the data and establishing a balance 

index of “supply and demand matching” for different time and space taxi resources. The taxi software has two 

advantages. The first advantage is to arrange the taxi resources macroscopically, and solve the problem of how the 

taxi software can dispatch different time and space taxis by establishing a 0-1 programming model. The second 

advantage is to allow passengers to establish contact with the taxi driver separately, analyze the impact of the taxi-

hailing software on the area through simulation, and determine the best software detection distance. 

Keywords – Taxi-Hailing Software, Taxi Resource Allocation, 0-1 Programming, Simulation. 

I. INTRODUCTION 

With the development of urban network construction, the way people travel has changed. Whether it is a 

metropolis or a small town, people's traffic demand is also increasing. In addition to the traditional means of 

transportation, with the development of Internet technology, a variety of novel taxi software emerges endlessly. 

Therefore, how to integrate online and offline resources and rationally dispatch taxis has become a difficult 

problem to be solved. 

Many researchers have studied the scheduling of taxis. The core issues are to reduce passenger waiting time, 

reduce idling, and implement compensation measures. In 2013, Victor [1] and others conducted a comprehensive 

review of the application and solution of dynamic vehicle routing problems. In 2014, Jørgen [2] proposed the idea 

of different solutions in different sectors and further developed this type by discussing how different regulatory 

regimes can be economically optimized in different market segments. In 2017, Mohsen [3] proposed a network-

scale taxi scheduling model that considers the interaction between normal traffic flow and taxi dynamics, while 

optimizing an effective dispatch system. In 2019, Holger [4] and others re-allocated taxis through global 

dynamics and adopted economic compensation measures to propose a new heuristic algorithm to reduce 

customer waiting time. 

This article takes the Internet era, the emergence of taxi-hailing software as the background, explores the 

advantages of taxi-hailing software compared with the traditional taxi-hailing mode, and dispatches taxis 

reasonably and efficiently. 

II. MODEL ESTABLISH AND SOLUTION 

2.1 Find Data and Data Processing 

2.1.1 Find Data 
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Table 1. Part of the American Taxi Data [8]. 

 Taxi one Taxi two Taxi three Taxi four Taxi five 

Pick up   time 3/26 13:30 1/30 22:01 6/17 22:34 5/21 7:54 5/27 23:12 

Drop off  time 3/26 13:38 1/30 22:09 6/17 22:40 5/21 8:20 5/27 23:16 

passenger 1 6 4 1 1 

Pick up longitude -73.9730 -73.9828 -73.9690 -73.9692 -73.9994 

Pick up latitude 40.7932 40.7421 40.7578 40.7977 40.7383 

Drop off longitude -73.9729 -73.9920 -73.9574 -73.9224 -73.9857 

Drop off latitude 40.7825 40.7491 40.7658 40.7605 40.7328 

Trip duration 435 443 341 1551 255 

Because of the large amount of data, it is impossible to get the spatial and temporal distribution of taxis 

directly. It needs further analysis. 

2.1.2 Discretization Data 

In order to facilitate the exploration of the supply and demand relationship of different time and space taxi 

resources, the data needs to be divided into two parts: time and space. 

In terms of time, divide the day into 24 units in units of 1h, and record it as t = 1, 2 ..., 24. 

In terms of space, the interval of latitude and longitude[5] is determined by data, and the interval is divided 

into M × N (M = 50, N = 100) the grid area. Longitude range is
min max[ , ],L L the latitude range is  

min max[ , ].B B  

The difference between the latitude and longitude of each small grid is 

𝐿𝑠 =
𝐿𝑚𝑎𝑥 − 𝐿𝑚𝑖𝑛

𝑁
,𝐵𝑠 =

𝐵𝑚𝑎𝑥 − 𝐵𝑚𝑖𝑛
𝑀

   (1) 

For a certain latitude and longitude ),( BL , the number of rows and columns of the grid in which it is located 

is 

i = ⌈
𝐿 − 𝐿𝑚𝑖𝑛

𝐿𝑠
⌉ , 𝑗 = ⌈

𝐵 − 𝐵𝑚𝑖𝑛
𝐵𝑠

⌉ (2) 

2.1.3 Converting Latitude and Longitude to Actual Distance 

Because the range of the region is small, when the longitude and latitude are converted into the actual 

distance, the longitude and latitude of the central point can be used to replace the actual longitude and latitude. 

The center point of the area is 

𝐿 =
𝐿𝑚𝑎𝑥 + 𝐿𝑚𝑖𝑛

2
, 𝐵 =

𝐵𝑚𝑎𝑥 + 𝐵𝑚𝑖𝑛
2

 (3) 

In the direction of longitude, the field distance is 111 km for every 1 degree difference in latitude. For every 1 

degree difference in latitude, the actual distance is Bcos111  kilometers. 

The total area of the area is calculated 2.0177×104 km2, the area of each small grid is 1.0089km2. 
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Fig. 1. Different time and space taxi pick-up and drop-off locations in the area 

(Blue dot is the pick-up point, Red dot is the drop-off point). 

2.2 Establish a Supply and Demand Matching Model for different time and Space Taxis and People 

Average number of passengers getting on and off by car 

𝐸 =
𝐶

𝑀 × 𝑁
 (4) 

Among them, C is the number of passengers getting on and off the car in the area. According to the data, the 

total number of passengers getting on and off the taxi is 200,000. E  is 10. If you want to dynamically balance 

the taxi in the sub-region, the number of times you get on and off the bus should be 

𝐸

2
= 5

 

(5) 

For any unit area at a certain time  S(i,j,t), the number of boarding times is p(i,j,t), The average number of 

people getting on the taxi is ),,(1 tjin , the number of getting off is  q(i,j,t), the average number of passengers on 

board is ),,(2 tjin
.
 

Then the population inflow and outflow indicators at a certain moment in the region are 

Population Inflow Indicator: 

𝑃(𝑖,𝑗,𝑡) =
2 × 𝑝(𝑖,𝑗,𝑡)

𝐸
 × 𝑛1(𝑖,𝑗,𝑡) (6) 

Population Outflow Indicator: 

𝑄(𝑖,𝑗,𝑡) =
2 × 𝑞(𝑖,𝑗,𝑡)

𝐸
 × 𝑛2(𝑖,𝑗,𝑡) (7) 

Unit area S(i,j,t)
 
Indicator is 

𝐼 =
2 × (𝑄(𝑖,𝑗,𝑡) − 𝑃(𝑖,𝑗,𝑡))

𝐸
 (𝑡 = 1,2, … ,24)

 

(8) 
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The balance index of this region is  

Index = M × N × √∑∑𝐼2 

𝑀

𝑗=1

𝑁

𝑖=1

, (t = 1,2, … ,24)

 

(9) 

With the change of day time, Index's change curve is as follows (The interval is one hour): 

 

Fig. 2. The curve of Index with time t. 

2.3 Taxi-hailing Software Macro Scheduling Plan 

From the scatter plot above, the main operating area of the taxi is longitude [−74.05, −73.77], latitude 

[40.59,40.88]. 

 

Fig. 3. Taxi running area. 

Figure 3 shows the change of the time of getting on and off from 12 o'clock to 15 o'clock. As you can see 

from Figure 3, with the change of time, the degree of taxi gathering is constantly changing. With the 

development of mobile phones and mobile communication networks, the use of taxi-hailing software service 

platforms has become the choice of many people. Therefore, reasonable scheduling of taxis through taxi-hailing 

software is one of the ways to solve the problem of taxis. 

For any unit area for any moment S(i,j,t), the number of taxi on the unit is p(i,j,t), the number of units getting 

off is q(i,j,t), the remaining amount of taxi is 
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RM(𝑖,𝑗,𝑡) = 𝑝(𝑖,𝑗,𝑡) − 𝑞(𝑖,𝑗,𝑡) 
(10) 

Then the next time state is S(i,j,t), the number of taxi on the unit p(i,j,t), the number of units getting off is q(i,j,t), 

the remaining amount of taxi is 

RM(𝑖,𝑗,𝑡+1) = 𝑝(𝑖,𝑗,𝑡+1) − 𝑞(𝑖,𝑗,𝑡+1) (11) 

The future taxi surplus/gap in the grid area is 

Surplus: 

𝑁𝑔1(𝑖,𝑗,𝑡) = 𝑅𝑀(𝑖,𝑗,𝑡) − 𝑅𝑀(𝑖,𝑗,𝑡+1), 𝑁𝑔1 ≥ 0 (12) 

Gap: 

𝑁𝑔2(𝑖,𝑗,𝑡) = 𝑅𝑀(𝑖,𝑗,𝑡) − 𝑅𝑀(𝑖,𝑗,𝑡+1), 𝑁𝑔2 < 0 (13) 

Assumed 

MIN(Ng1(i,j,t),|Ng1|(i,j,t),) = Ng (14) 

The distance between any surplus area and the gap area is 

D(Ng1(m), Ng2(n))
 

(15) 

Dispatching taxi resources, surplus areas should be allowed to fill the vacancy in the gap area, and the 

allocation quantity mnX . 

Then list 0-1 programming[6]  as follows: 

Objective function: 

MIN  Z = ∑D(Ng1(m), Ng2(n)) × 𝑋𝑚𝑛    𝑚 = 1,2,… , 𝑝, 𝑛 = 1,2, … , 𝑞 (16) 

Restrictions: 

{
  
 

  
 
X11 + X12 + X13 +⋯+ Xmn = Ng ,m = 1,2,3, … , p, n = 1,2, … , q

∑Xmn ≤ Ng1(m),

q

n=1

m = 1,2,3, … , p

∑ Xmn ≤ |Ng2(n)|,

p

m=1

n = 1,2,3, … , q

 

(17) 

(18) 

(19) 

Taking time t = 14h as an example, the following results can be obtained (the amount of data is large, only a 

part is displayed): 

Table 2. 𝑡 = 14ℎ Partial result. 

mnX  Ng2  (2) Ng2 (3) Ng2 (4) Ng2 (5) Ng2 (6) 

Ng1(4) 1 0 0 0 0 

Ng1(5) 0 0 0 0 0 

Ng1(6) 0 0 0 1 0 
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Ng1(7) 0 0 0 0 1 

Ng1(8) 0 0 22 0 0 

Ng1(9) 0 1 0 0 0 

Ng1(10) 0 0 1 0 0 

2.4 Simulation of the Taxi Running Process 

Simulation parameter setting for taxi running process [5]. Create a size of 2525   the grid map, each grid 

side length is 200m, assume that the area using taxi-hailing software is taxi and densely populated area, the taxi 

and passenger initial state can be randomly appeared. 

The total number of taxis is 400 and unchanged, the initial number of passengers is 300, and the probability of 

new passengers appearing every second is 0.5. 

No matter whether the taxi carries passengers or not, it travels at the speed of 10m/s. After carrying 

passengers, it takes the shortest path to reach the destination. 

When not using taxi-hailing software. If the taxi travels to an unseated passenger, the passenger gets on and 

gets off at random at a point in the grid area. 

When using the taxi-hailing software, passengers can use the taxi-hailing software to detect taxis [7] in the 

vicinity of R meters. Any driver in the area can pick up passengers. 

If there is no taxi in the area, wait for a taxi to appear in the area. 

Figure 4 is a comparison chart of the system running 2000s after using the taxi-hailing software and not using 

the taxi-hailing software (x is the taxi that is carrying passengers, o is the unloaded taxi, * is the passenger who 

is not on board). 

 
Fig. 4. Using taxi software and not using taxi software. 

Assume that by the time T, there were z passengers in the area. 

)...,3,2,1(,)( ZkF k   is the waiting time for the kth passenger, the total waiting time for passengers in the area is 

𝑇1 =
∑ 𝐹(𝑘)
𝑍
𝑘=1

𝑇
, (𝑘 = 1,2,3,… , 𝑍) (20) 
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The ratio of the number of passengers who have boarded a taxi to the total number of passengers is Pg.                 

Figure 5 shows the changes of various indicators over time with or without taxi-hailing software (blue is the 

use of taxi software, red is the unused taxi software). 

 

Fig. 5. Optimization results over time t. 

Figure 6 shows the changes of the above two indicators when the detection distance r of the taxi software 

changes. 

 

Fig. 6. Two index change curve. 

It can be seen from Figure 6 that with the increase of the software detection distance, the passenger's waiting 

time is first decreased, then increased. When the detection distance is 500m, the passengers wait for the least 

amount of time. The passenger's Probability of getting on taxi gradually increases toward the increasing of the 

detection distance of the taxi-hailing software. When the detection distance is 200m, the passenger loading rate 

is relatively stable, so the optimal detection distance is 500m. 

III. CONCLUSION 

This paper takes the emergence of taxi-hailing software in the Internet era as the background, and how to 

reasonably allocate and dispatch taxi resources when the current taxi resources are limited. This article breaks 

down the problem into four parts. First, look up data and data processing, and discretize the areas where these 

taxis operate into multiple small areas. Second, establish a supply and demand matching model for different 

time and space taxis and people traffic. Third, the taxi-hailing software macro scheduling scheme. Dispatch 

taxis from surplus places to gap places. Fourth, simulate the taxi process. By simulating the process of taxi-

hailing software, the simulation is compared with the situation without using taxi-hailing software. Meanwhile, 

determine the optimal detection distance. 
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The model established in this paper can be promoted: the first part of the discretization data can be used as a 

reference for most interval division problems; The regional balance index established in the second part can not 

only be used to evaluate the balance of taxi resources in this region, but also to evaluate the balance of water 

flow, mineral resources and other resources; the 0-1 planning model established in the third part can be applied 

to logistics distribution, factory location and many other issues; The simulation model in the fourth part can be 

applied to the parameter estimation of various life service software. 
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