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Abstract
Planning is needed to streamline the budget. One form of planning is in the form of planning the
shortest distribution route. This research aims to determine the shortest route for the distribution of
election logistics in the Cilacap Regency using the Branch and Bound Algorithm. Determining the
distance between sub-districts in Cilacap Regency using the help of Google Maps. Based on the
results of this research, the shortest route for the distribution of election logistics in Cilacap Regency
is 149.1 km for the first route and 338,3 km for the second route.

Keywords: Distribution of election logistics, graph, shortest route, Branch and Bound Algorithm.

Introduction

According to UU No. 7 of 2017, Pemilihan Umum (Pemilu) is a means of popular
sovereignty to elect members of the People's Representative Council, members of the People's
Representative Council, President and Vice President, and members of the Regional Representative
Council, which are carried out directly, publicly, freely, confidential, honest and fair in the Unitary
State of the Republic of Indonesia based on Pancasila and the Undang-Undang Dasar Negara
Republik Indonesia Tahun 1945. One of the election-organizing institutions is the Komisi
Pemilihan Umum. The Komisi Pemilihan Umum (KPU) is an election-organizing institution that is
national, permanent, and independent in carrying out elections. Meanwhile, in the district/city area,
there is a Regency/City General Election Commission. One of the tasks of the KPU is to carry out
all stages of implementation in the Regency/City based on the provisions of statutory regulations.
Apart from that, one of the Regency KPU's authorities is to set standards and requirements for the
procurement and distribution of equipment. To support the smooth running of the Regency KPU's
duties and authority, a Regency KPU Secretariat was formed, one of whose duties is to assist in the
preparation of election programs and budgets, and one of its authorities is to procure and distribute
election administration equipment based on norms, standards, procedures and needs determined by
the KPU.

Shortest Route for Distribution . . . PROCEEDING Al Ghazali Internasional Conference
Mizan Ahmad, et al Volume 1, Desember 2023

Q 229


mailto:*mizan.ahmad36@gmail.com

PROCEEDING Inclusiveness, Digital Transformation,
Al Ghazali Internasional And Renewable Energy For e-issn. 3032-5587
Conference A Better Future

Indonesia held its first Simultaneous Election on April 17, 2019. The implementation of the
2019 Simultaneous Election still has several problems, one of which is related to the distribution of
Election Logistics. Even though the period for the Simultaneous Election is shorter and the use of
the budget is (theoretically) more efficient, the preparation for holding the election turns out to take
a long time, so technically, it becomes more complicated and election logistics must be prepared
more carefully (Ardipandanto, 2019). Some examples of election logistics are ballot boxes, ballot
papers, ink, voting booths, etc.

Even though the regulations and decisions on the election logistics management process are
good, there are still various problems that occur during the 2019 Election implementation stages.
The second highest level of vulnerability that occurs in 244 districts/cities is occupied by Election
Logistics (Bawaslu, 2019). Delays in election logistics are a crucial problem not only in the
implementation of the 2019 elections but also in the implementation of previous elections (Mariska
et al., 2021). Delays in the distribution of election logistics can result in delays in the election
process. Apart from that, problems with the distribution of election logistics can result in increased
costs for distributing election logistics. This is related to the distribution distance (distribution
route) which is not optimal, so the travel distance becomes long and takes a long time. Thus
distribution costs increase.

Therefore, it is necessary to plan election logistics distribution routes so that the routes used in
distributing election logistics are optimal. In this way, distribution costs and time become efficient.
This can reduce the risk of increasing costs and reduce the risk of delays in the distribution of
election logistics. There are several algorithms for determining the optimal route, one of which is
the Branch and Bound Algorithm. The Branch and Bound algorithm is an algorithm method that is
commonly used to determine the optimal solution to optimization problems, especially in discrete
and combinatorial optimization (Prasetyo, 2017). Research related to the application of the Branch
and Bound Algorithm can be seen (Margiyani & Mussafi, 2014; Melina Sari et al., 2020; Prasetyo,
2017; Rosa et al., 2012; Simarmata et al., 2020; Wulansari et al., 2020).

Based on the description above, researchers are interested in examining the optimal route for
distributing election logistics in the Cilacap Regency using the Branch and Bound Algorithm. It is

hoped that determining the optimal route can increase efficiency in the distribution of election

logistics.
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Research Methods

The type of research in this research is quantitative research conducted in Cilacap Regency.
Data related to the location of sub-district offices in Cilacap Regency was obtained with the help of
Google Maps. Then, the data was analyzed using the Branch and Bound Algorithm to determine the
optimal route for the distribution of election logistics in the Cilacap Regency.

Algoritma Branch and Bound

The Branch and Bound algorithm divides the problem into smaller sub-problems which lead
to a solution by branching and bounding to reach the optimal solution. Branching is the process of
forming a problem into a search tree structure (Suyanto, 2010).

In general, the Branch and Bound Algorithm in searching for solutions uses the least cost
search technique or searching for the smallest value, this technique will calculate the value (cost) of
each vertex. The vertex that has the smallest value is said to have the greatest possibility of leading
to a solution. Each active vertex (current node) has a value that states the boundary value. An active
vertex is a vertex that has the smallest boundary value (due to the least cost search solution search
technique) (Purwanto, 2008).

Let c(i) is the estimated value of the minimum path from vertex i to the destination vertex, so
c(i) represents the limit (bound) value of finding a solution from vertex i. So a heuristic function
can be formulated to calculate the estimated value as follows:

c@=fO+g0®
with:
c(i): value for vertex i
f(i): path value from root vertex to vertex i
g(i): value to reach the destination vertex of the vertex i.

For more complex problems, the system is described with a matrix A of size n x n. Choose
which vertex will be explored. The vertex explored is the vertex with the smallest boundary value.
The boundary value is obtained by reducing the rows and columns of the matrix A which represents
the graph. Reduction is carried out by reducing the value of c(i,j) in the row or column with the
smallest value of c(i,j) in that row or column so that we get a reduced matrix A(t) with a zero value

in each row and column (Margiyani & Mussafi, 2014).
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According to Suyanto (Suyanto, 2010), a matrix is said to be reduced if each column and row
contains at least one zero value and all other elements are non-negative. Next, the total reduction
value becomes the root vertex limit value. For each child vertex generated by visiting A(i,j), the
matrix A(t) is reduced to obtain the reduced matrix A(j, vertex awal) converted into c. Based on
the heuristic function equation for calculating the estimated value which was explained previously,
the child vertex boundary value is calculated using the formula:

¢(S) =¢(R)+ AW, j) +r
with
¢(S) :minimum trip value through vertex S, where S is a child of vertex R
¢(R) :minimum trip value through vertex R, where R is the root vertex
A(i,j) : edge weights (i,j) in the reduced matrix

r : the sum of all reducers in the matrix reduction process for vertex S.

The reduction of the child vertex matrix is based on the parent vertex matrix. This step is
done repeatedly until all vertices are visited. The steps to run the Branch and Bound Algorithm

are as follows:

1. Insert the root vertex into queue Q. If the root vertex is the solution vertex, then the solution has
been found. Stop.

2. If Q is empty, then there is no solution.

3. 1. If Q is not empty, select from the queue Q the vertex i that has the smallest c(i).

ii. If there are several vertices i that satisfy, choose any vertex.

4. 1. If vertex i is the solution vertex, then the solution is found, stop.

ii. If vertex i is not a solution vertex, then generate all its child vertices.

iii. If i has no child vertices, return to step 2.
5. For each child vertex j of i, calculate c(i) and insert all child vertices into Q.
6. Return to Step 2.
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Result

The following is data regarding the location of the Cilacap Regency KPU and District Offices
in Cilacap Regency.

Table 1 Location of vertex coordinates

No | Code District Latitude Longitude

1 A | KPU Kabupaten Cilacap 7°42'45.99"S 109° 0'19.58"E
2 B Cipari 7°26'20.91"S 108°45'36.49"E
3 C | Jeruklegi 7°37'28.35"S 109° 1'10.64"E
4 D Kampung Laut 7°41'5.73"S 108°49'35.83"E
5 E Karangpucung 7°24'44.94"S 108°54'10.15"E
6 F Kawunganten 7°35'11.63"S 108°54'35.93"E
7 G Kedungreja 7°30'5.53"S 108°47'13.09"E
8 H Kroya 7°37'57.10"S 109°14'41.04"E
9 | Majenang 7°17'53.82"S 108°45'45.72"E
10 J Nusawungu 7°38'52.01"S 109°20'33.05"E
11 K | Sampang 7°34'6.11"S 109°11'1.74"E
12 L Sidareja 7°29'1.31"S 108°47'30.58"E
13 M | Gandrungmangu 7°31'21.75"S 108°51'19.96"E
14 N Wanareja 7°20'2.55"S 108°41'11.59"E
15 O | Cimanggu 7°21'18.15"S 108°50'24.55"E
16 P Cilacap Utara 7°41'3.33"S 109° 2'19.76"E
17 Q Cilacap Tengah 7°42'19.48"S 109° 1'50.42"E
18 R Cilacap Selatan 7°43'15.57"S 109° 0'58.90"E
19 S Binangun 7°40'5.21"S 109°16'0.50"E
20 T Maos 7°37'22.59"S 109° 8'52.15"E
21 U Kesugihan 7°38'34.94"S 109° 6'50.30"E
22 V | Bantarsari 7°32'22.33"S 108°52'12.64"E
23 | W | Adipala 7°39'33.66"S 109° 8'59.48"E
24 X | Patimuan 7°35'52.33"S 108°45'20.87"E
25 | Y | Dayeuhluhur 7°15'34.42"S 108°36'35.58"E
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The following is a map of the location of the District Office in Cilacap Regency using Google
Maps.

Figure 1 Vertex location map

Figure 1 shows the location of the Cilacap Regency KPU Office and each District Office in
Cilacap Regency. In this way, the distance between sub-district offices and the distance between the
Cilacap Regency KPU office and the sub-district office can be determined.The following is a table
of distance between sub-district offices and the distance between the Cilacap Regency KPU office

and the sub-district office obtained from the Google Maps.
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Table 2 Distance between vertices (kilometer
AlB|C|D|E|JF|]G|IH]I |J|K|[L[MIN|JO|P|Q|R|S|TJU|V[I[W|[X|[Y

0 |406] 99 |200(351(175(336/|27,9|53,1(37,9| 25 |34,6|54,7|26,7(43,6( 49 | 29| 15 |293(18,6|14,2|24,3|17,0(30,3(66,5
406| 0 |352(282|16,0]|233| 7,5 [57,6(156|68,3|489| 6,1 (14,0(142|128|41,0(41,9(42,1(61,4|47,4|451|165(494|17,6]|259
99 352| 0 (223]268]12,8]|29,0(24,9(459]35,7|19,2|29,6(488(488|358| 6,9 | 90 (10,7(27,7|14,1|10,6|19,0(14,9]29,3|60,6
2002821223 0 |31,3|14,2|20,7(46,6(433|57,0|415]|22,6(18,2(41,8|365|234|22,6(21,3(48,6|36,1|32,1|16,8(358(12,4|52,8
351|160(268(31,3| 0 |193|16,1(44,9(20,0|550|355|14,6(133(254| 94 |33,6(353(36,4(49,1|35,7|34,6|14,5(38,6(26,2|36,5
1751233|128(|14,2(193| 0 |16,5|37,3(358(48,2|30,3|173| 93 |37,3(26,7|17,9|18,7|18,9(40,4|26,6|234| 68 |27,7(17,1]|49,0
336|75(29,0(20,7|16,1|165| O (52,6(22,6]|634|444]|20 (79 (216|172|344|350(35,1(56,1|42,0/39,3|10,1(43,7{11,2|331
279|576(249(46,6(449|373|526( 0 (358]109| 9,8 |52,6(44,6(699|54,2|234|250(27,0( 46 |10,8|14,5|426(109(54,1|81,3
53,1|15,6(459(433|20,0|358|226(358( 0 |748]553|208(269( 9,3 |10,6|52,4|53,9(54,5(69,1|556|54,4|29,2(585(332|174
37,9|683|35,7(57,0(550(482|634(109(748| 0 |19,6|63,4(555(80,3|64,4|33,7(350(36,9( 86 |21,7|252|53,5(21,3|65,0|91,6
25 |489(19,2(41,5(355|30,3|44,4( 98 [553|19,6| O ([44,3(36,6|60,7|22,7(20,5(22,7|25,0|14,4( 7,2 {11,3|34,8|10,7(47,4(72,0
346| 6,1 [29,6(226|146|173| 20 (52,6(20,8|63,4|443| 0 |83 (202|152|351(36,0(36,1(56,3|42,2|39,7|10,6(44,0{132|319
54,7114,0(488(226|133| 93 | 79 (44,6(269|555|366| 83 | 0 [28,0|18,6]|27,0(28,0(28,2(48,2|34,1|315| 25 (358(13,8|39,8
26,7114,2(488(41,8|254(37,3(21,6|169,9| 93 |80,3|60,7|20,2|280| O |17,1|559|559(56,2|73,9/60,1|583|30,5|62,5|30,2(11,8
436(12,8(358(36,5| 94 |26,7|17,2|54,2|10,6|64,4|22,7|152(186(17,1| O |425|44,0(449(585|45,1|43,9|20,7|48,0(284|275
49 (410 6,9 |234|33,6|179(34,4(23,4|52,4|33,7|205(351(27,0|{559(|425| O |25 |48 |252|138| 95 [24,6(12,6|32,7|66,7
29 (419( 90 |22,6]353|18,7|350(250(53,9|35,0|22,7(36,0(27,0|559|440( 25 | 0 |23 |264|158|115(20,7|14,1|32,6|67,7
15142,1|10,7(21,3|36,4|18,9|35,1|27,0(54,5|36,9|250|36,1|282(56,2(449| 48 | 23 | O (283|18,1|138|258(16,2(318|68,0
293|614 (27,7(486(49,11404|56,1| 46 |69,1| 86 |14,4|56,3(482(739|585|252|26/4(283( O |14,1|17,1|46,0(129(56,9|854
18,6|474|14,1(36,1(357(26,6|42,0|110,8|556(21,7| 7,2 |42,2|34,1|160,1(45,1|138|158|181|141| O |43 |320| 4,0 [433(717
14214511106 (32,1(34,6(23,4|39,3|14,5|54,4(252(11,3|39,7|31,5|583(439| 95 |11,5/138|171( 43 | 0 |29,2| 43 |39,8(70,0
243|165(19,0(16,8|14,5]| 6,8 |10,1|42,6(29,2|53,5|34,8|10,6 | 2,5 [30,5|20,7|24,6|20,7(258(46,0({320|29,2| 0 |336(14,2]|42,2
17,01494|149(358(38,6(27,7|43,7|109|585(21,3(10,7|44,0|358|625(48,0|12,6|14,1|16,2|129| 40 | 43 |336| 0 |44,0(742
30,3(17,6(29,3(12,4|26,2117,1|111,2|54,1|33,2|65,0|47,4|132(13,8(30,2|28,4|32,7|32,6(31,8(56,9|43,3|39,8|14,2(44,0( 0 |40,7
66,5(259(60,6(52,8|36,5/49,0|1331(81,3|17,4|91,6|72,0/131,9(39,8(11,8|27,5|66,7|67,7(68,0(854|71,7|70,0|422(74,2{40,7| O

I|lo(mim|jo|lo|m|>

<|X|[s|<|c|d|w|xn|lo|To|[o|z|Z|(r|R|«

By considering the large area of Cilacap Regency, this research is divided into two regions,

namely the north-west region (1) and the south-east (2) with the following divisions

Table 3 The divided area in Cilacap Regency

Region Vertex
1 A C H J K P Q R S T ] W
2 A B D E F G | L M N 0] \V X Y
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The following is cost matrix Cj;
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Region 1
vertex A

A r 00

C 14,1
H 31,9
Ji 42,9
K 31,4
P 6,6
Q 5.1
R 2,3
N 36,5
T 23,8
U 17,6
w 120,4

C
14,1
00
28,2
39,2
23,6
9,1
12,5
14,8
35
16
14,2
19,1

H
31,9
28,2

00

11
13,8
25,9
28,4
31,5

6,7
12,2
16,5
11,5

J
42,9
39,2

11
00
24,4
36,8
40,6
41,5
11,7
23,2
27,5
22,5

K
31,4
23,6
13,8
24,4

00
25,4
29,1
30,1
20,2

8,2
13,8
12,4

Inclusiveness, Digital Transformation,
And Renewable Energy For
A Better Future

P
6,6
9,1

Q
51
12,5

259 284
36,8 40,6
254 29,1

00
3,8
6

3,8
00

2,8

30,4 32,8
17,8 20,3
11,6 14,1
14,3 18

R
2,3
14,8
31,5
41,5
30,1
6
2,8
00
35,5
22,5
16,3
19,1

S
36,5
35
6,7
11,7
20,2
30,4
32,8
355
00
18,8
21
16,1

T
23,8
16
12,2
23,2
8,2
17,8
20,5
22,5
18,8
00
4,3
6,2

U
17,6
14,2
16,5
27,5
13,8
11,6
14,1
16,3

21

4,3

00

4,9

e-issn. 3032-5587

20,47
19,1
11,5
22,5
12,4
14,3
18
19,1
16,1
6,2
4,9
oo |

ext, the matrix is reduced, that is, each row is reduced by the smallest value in that row and the

following reduced cost matrix Cj; is obtained

vertex A C
A e 6,5
c 5 o
H 25,2 16,2
Ji 31,9 22,9
K 23,2 10,1
P 2,8 0
0] 2,3 44
R 0 7,2
S 29,8 23
T 19,5 6,4
U 13,3 4,6
w 15,5 8,9

We get

H
29,6
19,1

00

0

56
22,1
25,6
29,2

0

7,9
12,2

6,6

J
36,3
25,8

0

00
11,9
28,7
33,5
34,9

0,7
14,6
18,9
13,3

K
25,2
10,6

3,2
9,5

00
17,7
22,4
23,9

9,6
0
56
3,6

P Q
4,3 2,8
0 3,4
19,2 21,7
25,8 29,6
17,2 20,9
(o} 0
1 o
3,7 0,5
23,7 26,1
13,5 16
7,3 9,8
94 13,1
r = 80,5.

R
0
5,7
24,8
30,5
21,9
2,2

28,8
18,2
12
14,2

S
34,2
259

0,7
12
26,6
30
33,2

14,5
16,7
11,2

T
21,5
6,9
55
12,2

14
17,5
20,2
12,1

0
1,3

U
15,3
51
9,8
16,5
5,6
7,8
11,3
14
14,3
0

oo

0

w
17,57
9,4
4,2
10,9
3,6
9,9
14,6
16,2
8,8
1,3
0

oo |

In the next step, let A be a reduced matrix for vertex R. Vertex S is a child of vertex R

such that along the way the edge (S, R) in the search tree space is connected to the edge (i, j). If

S is not a leaf vertex, then the reduced weight matrix for vertex S can be calculated in the

following steps:

1. Change all values in row i and column j with oo, to prevent any paths from leaving vertex i or

entering vertex j.

2. Change A (i, J) with oo, this is to prevent using edge (j, i), and
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3. Re-reduce all rows and columns in matrix A except for element .
For the next calculation, pay attention to the following vertex paths.

RouteA > C = 6,5

vertex A C H Ji K P Q R S T U w
- 00 (o] (0] (o] (0] (0] (0] oo (o] (0] (0] 00
© o 19,1 258 10,6 0 34 57 259 69 51 94
25,2 o o 0 3,2 19,2 21,7 24,8 0 55 98 4.2
31,9 o 0 00 95 258 29,6 30,5 0,7 12,2 165 10,9
23,2 o 56 119 o 17,2 209 219 12 0 56 3,6
28 o 221 287 17,7 oo 0 2,2 266 14 78 99
23 o 256 335 224 1 00 0 30 17,5 11,3 146
0 o 292 349 239 3,7 05 o 33,2 20,2 14 16,2
29,8 oo 0 07 96 237 261 288 o 12,1 143 88
195 o 79 14,6 0 135 16 182 145 o 0 1,3
13,3 o 12,2 189 56 73 98 12 16,7 0 00 0
1155 o 6,6 13,3 36 94 13,1 142 11,2 1,3 0 oo |

All rows and columns have a value of zero (0), so no reduction (r = 0) is carried out and obtained
C(S)=C(R)+A(AC)+r=2805+65+0=87.
By using the same calculation technique, the following results are obtained as in the

image to the side
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87 111543:5;8'1’637/,88/2 3, 831 1143&::05&3?1

90 113413177 m&TMQ:-Bé\Jlf “IGE?-B_BI a9
®®®®®®

— \\ ==
1123 ﬂﬂ'f /IDS 88,5 1153 lﬂﬁ'& -7, 9 99,9

1293‘ 13“{;&1 [, 4 ¥54;7-119,3 116,1 118,2

Figure 2 Branch and Bound process for region 1
Therefore, the distribution route for election logistics in Region 1 is:
A-R-Q-P->C->U-T->K->H->]->-5-W->A
with a total length of 149,1 km.
The following is a map of election logistics distribution routes in Region |

Figure 3 Distribution route map for region 1
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Region 2
The following is cost matrix Cj;
vertex A B D E F G I L M N 0 Vv X Y

® 599 & 60,7 321 545 821 519 428 787 709 402 588 994
599 3g 262 279 10 262 83 174 188 364 197 234 395
5 38 w 42 23 32 63 30 21 57 51 18 37 78
60,7 262 42 o 287 20 21,8 182 182 345 10,7 20,6 33 551
321 279 23 287 o 225 50,1 199 109 46,7 389 82 267 674
545 10 32 20 225 oo 363 21 11,3 289 302 144 134 496
82,1 262 63 21,8 50,1 363 o 345 397 127 11,5 419 49,6 334
51,9 83 30 18,2 199 21 345 94 271 284 11,8 155 478
428 174 21 182 109 11,3 397 94 o 362 163 26 189 569
78,7 188 57 34,5 46,7 289 127 271 362 241 386 423 21
70,9 364 51 10,7 389 302 11,5 284 163 241 o 307 43,6 44,7
40,2 19,7 18 206 82 144 419 118 26 386 307 o 186 592
588 23,4 37 33 267 134 496 155 189 423 43,6 186 © 629
99,4 395 78 551 674 496 334 478 569 21 447 592 629 oo |

By using the same method in Region 1, the following results are obtained as in the image

below

247,1 233,5 254,8- 2335 2499 2754 2 6923&7 284,4 2654 237,1 240,8 284,4
4[{)@ Ci)@@@@@@
248 '258 B“Ii' L 32191 2455233‘1 285,5-275,8 236,8 241,8 285,8
B ODLLMN O
250,5 258,3 253,1-253;5" 2‘}8,852 236,8_287,9 2736 24&,2 287,8
®®@®®Q @ O D

250,5 258,2- 265,5— 25& -"ZED 3‘287 B 261_,4 246,8 287,8

255,2 271,7 284,4 2513 28T5 256,9 292 6 2%2 9 2925
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253 1 2707291, 5, 285 ,2- 290,5- -280,9 290,5
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Figure 4 Branch and Bound process for region 2
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Therefore, the distribution route for election logistics in Region 2 is:

A-D->V-M>X->G-oB->L->FEF->0->]I->Y>N-o>F->A
with a total length of 338,3 km.

The following is a map of election logistics distribution routes in Region 2
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Cigintung

Banjarsan

Balater
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.
« Pangandaran 3 Pulau Nusa
Tik. Pe: Kambangan
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Figure 5 Distribution route map for region 1

The following is a route for the distribution of election logistics in Cilacap Regency
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Figure 6 Distribution route map for Cilacap Regency
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Conclusion

The Branch and Bound algorithm can be used to determine the shortest route for logistics
distribution in the Cilacap Regency. The shortest route for the distribution of election logistics in

Cilacap Regency is 149.1 km for the first route and 338,3 km for the second route.
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