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Abstract—In this paper, we present an approach that can 
solve the electoral districting problems by integrating the 
technologies of dynamics programming, computational geometry 
as well as the geographic information systems. A quantitative 
measurement to evaluate the shape of the districting results is 
also presented. We have applied these methods to Changhua 
County in Taiwan and obtained more than hundred thousands of 
feasible solutions. 

Keywords—computational geometry; dynamic programming; 
electoral districting; geographic information system. 

I.  INTRODUCTION 

One of the most important issues in solving the electoral 
districting problem is to find a fair method in order to avoid the 
Gerrymandering phenomenon [1] as well as to meet the preset 
requirements. 

In this paper, we present a mechanism that integrates the 
technologies from Geographic Information System (GIS), 
artificial intelligence, computational geometry, dynamic 
programming and other areas to solve the electoral redistricting 
problems systematically. 

We used our method to district Changhua County of 
Taiwan to illustrate the entire mechanism. The experimental 
results show that our method can successfully obtain hundred 
thousands of solutions. 

II. RELATED STUDIES 

E arly research papers in this area can be found in 1960s. 
For example, Harris proposed rectangle method in solving the 
districting problems [2]. In 1965, Hess presented a linear 
programming method in optimizing the electoral districting [3]. 
Kaiser then focused on the population equalization by using the 
mathematical model to solve the districting problems [4]. 
Helbig improved Hess’s method by defining a formula to 
estimate the range of population deviation and stepwise modify 
the districting result [5]. Leach presented divide and conquer 
rules applied in electoral districting [6]. 

Due to the change of election regulations in Taiwan, 
scholars paid more attentions to the elections systems and 
regulations as well as their influences. Hsieh and Pan discussed 
the mechanisms and standards on elections [7] [8]. Yu 

presented a more complete discussion on the regulation 
changes and legal issues on it [9] [10]. Hsu gave some 
simulated results in predicting the election outcomes [11]. We 
also proposed various algorithms in attacking the electoral 
districting problem [12]-[14]. The goal in these researches is to 
provide a fair mechanism in electoral districting as well as to 
provide better electoral districting results. 

III. ELECTORAL DISTRICTING MECHANISMS 

There are three most important electoral districting 
principles that most democratic countries follows: 

 Population equality principle: the population in all 
districts should be more or less the same. 

 Contiguity principle: the villages in the same district 
shall form a connected region. 

 Compactness principle: the "shape" of any district shall 
be "good". 

With these principles, we proposed the process of the 
electoral districting as shown in Figure 1. As indicated in the 
figure, data pre-processing has to be done before actual 
districting. 

 

Fig. 1. The flow diagram of electoral districting 
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A. Data Pre-processing 

In the data pre-processing stage, we need to collect the raw 
data such as votes for every candidate from Central Election 
Commission (CEC). The election data is associated as the 
attribute information in GIS. The spatial information can be 
obtained through GIS. For example, the center coordinates, 
area, and perimeter information of each village iv , will be 
needed during the partitioning stage. One can obtain the 
boundary coordinates, in sequential order, of each village, 
{( ,  ) | 1,  ...,  }j j ix y j n  from GIS map layer. Using the 

boundary coordinates, the village center, ic , area,  iA , and 

perimeter,  iPe , can be computed as 
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where in  is the number of data points of iv  and  

1 mod( 1, )ij j n   . 

We also need the adjacency relationships among the 
villages and among the towns for contiguity checking as well 
as repeated solution checking. 

B. Setting Indivisible Area 

Besides the three principles mentioned at the beginning of 
this section, there are other factors one may want to consider 
during the actual districting process. For instance, it is 
suggested the actual districting must respect the natural 
boundaries as well as preserve the right of minorities. These 
considerations can be achieved through the concept of 
“indivisible area”. By setting the indivisible area, we could 
prevent unwanted separations during the districting processes. 

C. Repeated Solutions Checking 

Refer to Figure 2 for a simple example of this problem. 

 

(a)                                                (b) 

Fig. 2. Repeated districting results 

In Figure 2(a), the entire region is districted in to two 
districts. The shaded district contains villages numbered 1, 2, 5, 
6, and 8. The white district contains villages numbered 3, 4, 7 
and 9. Similarly, in Figure 2(b), the shaded district contains 
villages numbered 12, 15, 21, 25, and 28. The white district 
contains villages numbered 14, 17, 27 and 31. These two 

solutions represent the same districting result with different 
numbering scheme and a good districting mechanism should 
resolve this problem and keep only one of them in the final 
feasible solution set. 

D. Contiguity Checking 

The contiguity principle requires that all villages in the 
same district must stay connected. We use, again, a simple 
example to illustrate this problem, as depicted in  Figure 3. In 
this figure, the districting process districts the entire region into 
two districts, the shaded one and the white one. The shaded 
district contains villages numbered 2, 4, 7, and 9. The white 
district contains villages numbered 1, 3, 5, 6, and 8. It can be 
seen clearly that the shaded district is not connected where 
village 2 becomes a exclave. This yield an invalid districting 
results. However, further districting process may change the 
exclave unit into a connected result and yield a valid solution. 

One can check the contiguity properties simply by using the 
depth-first search algorithm as well as the adjacency relations 
[15] and exclude the invalid solutions easily. 

 

Fig. 3. The result with exclave problem 

E. Compactness Checking 

We need to find a way when evaluating the shape of the 
district area. For instance, figure 4(a) is one of the district 
results. As you can see in this figure, the district D4 has strange 
shape. Villages of district D4 lied between district D1 and 
district D3. This strange shaped solutions can be avoided or 
removed by using the concept of  “compactness evaluation”. 

            
(a)                                      (b) 

Fig. 4. The compactness checking problem 

However, checking the compactness is not as easy as that 
of contiguity. Through the help of convex hull [16], for 
example, the surrounding line in figure 4(b), we define the area 
ratio and use it to measure the compactness of each district [17]. 
One can use DA to denote the area of a district D  and 

DCHA  to 

denote the area of its convex hull. The area ratio of district D , 

Dr  , is defined as 
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It can be seen that the best shape of a district occurs when 
the district is identical to its convex hull and, in this case, the 
area ratio equals to one. 

Using this criterion, one can measure the compactness of 
every district. It is worth to note that we have to measure the 
compactness of all the districts generated by a particular 
districting method in order to conclude the compactness of this 
particular districting method. 

IV. EXPERIMENTAL RESULTS 

A. Experimental Data 

We use Changhua County of Taiwan to illustrate the entire 
mechanism. Changhua County has twenty-six towns and five 
hundred and eighty-eight villages and will be districted into 
four districts as required by the election regulations. Choosing 
the villages as the smallest indivisible unit will generate 
innumerous feasible solutions using a naïve districting 
algorithm.  For the convenience of illustration, we use town as 
the unit of districting just to reduce the number of feasible 
solutions.  Fig. 5 shows the county map of Changhua with the 
townships indicated. 

 

Fig. 5. The county map of Changhua county 

TABLE I.  THE TOWNSHIP POPULATIONS OF CHANGHUA COUNTY 

Township Pop. Township Pop. Township Pop. 

Beidou 33,505 Huatan 46,336 Xianxi 17,010

Dacheng 20,063 Lukang 84,767 Xihu 56,356

Dacun 36,137 Pitou 32,316 Xiushui 38,431

Erlin 56,449 Puxin 35,082 Xizhou 32,584

Ershui 17,705 Puyan 35,061 Yongjing 40,115

Fangyuan 37,980 Shengang 35,179 Yuanlin 127,042

Fenyuan 25,968 Shetou 45,591 Zhanghua 234,308

Fuxing 48,607 Tianwei 29,384 Zhutang 16,819

Hemei 88,245 Tianzhong 45,722   

Average district population 329,191 

 

The population of individual township is summarized in 
Table 1. The CEC regulations require that the population 

tolerance error must not exceed fifteen percent. This gives a 
large margin during the actual districting process. We can 
choose a maximum population tolerance error and use it as a 
criterion to solve the districting problems. Note that the total 
population of Changhua county is about one million and thirty 
two thousands whereas the average district population is about 
thirty three thousands. 

Fig. 6 shows the Changhua County districting maps 
announced by CEC. The information of individual district is 
summarized in Table 2. One can see the smallest area ratio is 
65.21% and the largest population tolerance error is 8.21%, in 
absolute value. 

 

Fig. 6. The electoral district map of Changhua county by CEC 

TABLE II.  THE DATA OF INDIVIDUAL DISTRICTS (DISTRICTED BY CEC) 

Electoral Districting D1 D2 D3 D4 

Area 2( )km  238.60 139.98 520.04 220.73

Convex Hull Area 2( )km  301.63 189.81 670.36 338.51

Area Ratio 79.1% 73.75% 77.58% 65.21%

Population tolerance error 5.15% 6.86% -8.21% -3.8%

 

B. Experimental Results 

Using twenty-six townships of Changhua County, we 
successfully generated a large set of solutions by the 
mechanism we developed. Taking the 15% population 
tolerance error required by CEC, we obtained more than one 
hundred thousand feasible solutions. Figure 7 shown four 
randomly selected solutions. 

        

(a)                                      (b) 
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(c)                                          (d) 

Fig. 7. Four randomly selected districting results 

Though all the four results fit the requirements of CEC, one 
can see that the shapes of the districts are not good enough. 
One can use the area ratio to select solutions with better shapes. 
Fig. 8 shown four randomly selected solutions that satisfy the 
conditions -8% < < 8% and Dr  >  70%, for every individual 
districts. Using our performance evaluation criteria, these four 
solutions are better than the result announced by CEC. 

        

(a)                                       (b) 

         

(c)                                      (d) 

Fig. 8. Four randomly selected districting results with better area ratio 

V. CONCLUSIONS 

In this paper, we presented a fair and nonpartisan 
mechanism for electoral districting. The methods we used 
integrated the technologies in GIS, computational geometry, 
artificial intelligence and dynamic programming. Principles of 
population equality, region contiguity, and region compactness 
are considered in our mechanism. 

The experimental results indicate that our mechanism can 
generate a large set of feasible solutions for electoral districting. 
We can easily obtain results that are better than the CEC’s 
districting results. 
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