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Abstract 
Infrastructure systems form the backbone of modern society. The increasing need for fast and reliable data exchange 
fosters the development of new high-speed optical fiber networks. However, building new infrastructure systems is very 
expensive; the building cost for optical fiber networks is determined by the cost for cabling and by the cost for 
trenching. Computer-aided planning aims to reduce the building cost by calculating the optimum paths for optical fiber 
networks. Common approaches towards computer-aided planning of optical fiber networks are based on the algorithms 
of Prim and Dijkstra. Each algorithm, as will be illustrated in this paper, is designed to address one single objective – 
i.e. one cost factor (cabling or trenching). Computer-aided planning, however, requires holistic algorithms taking into 
account all cost factors to achieve minimum total cost. This paper investigates the performance of a combinatorial 
heuristic algorithm for computer-aided planning of optical fiber networks. The algorithm is validated using digital map 
data of an existing residential area. In summary, the proposed approach, as compared to traditional approaches, results 
in reduced building cost for optical fiber networks. In this study, cost reductions up to 23% have been achieved. 
 
 

1 Introduction 
Planning and building infrastructure systems, particularly 
underground infrastructure, has a long tradition in civil 
engineering. For a long time, the knowledge required for 
planning and building infrastructure systems was based 
on practical experiences. With the advances of 
information and communication technologies in the last 
decades, the development of basic algorithms, supporting 
the infrastructure planning process, had been initiated. 
 
In the beginning of this century, more advanced 
algorithms and computing techniques, such as artificial 
intelligence techniques, have been increasingly applied in 
engineering practice [1]. For example, it became possible 
to efficiently analyze sensor data collected from 
infrastructure systems providing valuable new insights 
into the actual condition of the systems, supporting the 
construction of new and the reconstruction of existing 
infrastructure systems [2]. In recent years, new computing 
and sensing technologies have been used as the basis for 
so called “smart infrastructure”, which integrates 
intelligent sensors directly into infrastructure systems to 
autonomously self-assess the structural condition [3, 4]. 
 
Most infrastructure systems in urban areas in Europe were 
built between the 1950s and the 1970s without computer-
aided planning and without using advanced information 
and communication technologies [5]. Consequently, 
existing infrastructure systems are increasingly 
deteriorating and must be refurbished or retrofitted to 
meet the current and future needs. As an example, the 
reconstruction of public water supply pipe networks is 

needed to ensure sufficient drinking water quality. This 
need is primarily a result of pipe corrosion and of reduced 
water consumption [6]. Another example for the need to 
refurbish or to retrofit existing infrastructure systems is 
the growing number of decentralized renewable power 
sources, which is the main reason for the reconstruction of 
the aged public electrical grid, originally designed for 
conventional power generation [7]. 
 
Existing approaches towards computer-aided planning of 
infrastructure systems are typically based on the 
algorithms of Prim [8] and Dijkstra [9], in which the 
infrastructure system is represented by a graph, the nodes 
representing optical network units (such as computers, 
switches and routers) and the edges representing optical 
fibers. While the algorithm of Prim calculates the 
minimum spanning tree (i.e. the minimum total 
connection length of all nodes) within the graph, the 
algorithm of Dijkstra calculates the shortest path between 
two nodes within the graph (i.e. the shortest connection 
paths between the node of interest and all other nodes. 
Merging the shortest paths between a specific node and 
all other nodes within the graph results in the shortest path 
tree). 
 
The objective of computer-aided planning of optical fiber 
networks is to minimize the building cost, also referred to 
as “roll-out cost”. The total cost of optical fiber networks 
is primarily determined (i) by the cost for cabling, 
including sheathing, and (ii) by the cost for trenching of 
the cable paths by civil and underground engineering 
[10]. It should be emphasized that every optical fiber 



network unit must be connected to a central distributor by 
a separate cable that is installed in the underground by 
trenching; every trenching section contains one or more 
cables. Thus, the more cables a trench contains, the less 
are the cost for trenching, but, the more unnecessary 
cables are needed to use a detour through an existing 
trench, the more total cost for cabling occur. As a 
consequence, minimizing the cost for cabling and 
minimizing the cost for trenching represents a multi-
objective optimization problem; minimizing the cost for 
cabling increases the cost for trenching, and vice versa, 
because both objectives are in conflict. 
 
The shortest path tree, calculated by Dijkstra’s algorithm, 
results in the optimum cabling length, while the minimum 
spanning tree, calculated by Prim’s algorithm, results in 
the optimum trenching length. This paper presents a 
computer-supported approach for planning new optical 
fiber networks based on a combinatorial heuristic 
algorithm using digital map data [11, 12]. The 
aforementioned optimization problem is addressed by 
combining Prim’s algorithm and Dijkstra’s algorithm into 
one heuristic, combinatorial algorithm, the AHHK 
algorithm. The AHHK algorithm has been proposed by 
Alpert, Hu, Huang and Kahng [13] to optimize integrated 
circuit design in the field of computer processors. Using 
the AHHK algorithm in computer-aided planning leads to 
a cost-optimized network topology, which can 
advantageously be used for planning optical fiber 
networks. The paper is organized as follows: First, the 
basic concepts of graph theory are briefly described. Next, 
the algorithms of Prim and Dijkstra as well as their 
application to digital map data are described. Then, the 
AHHK algorithm is presented. Finally, the performance 
of the AHHK algorithm is validated using digital map 
data from a residential area as an illustrative example. 

2 Computer-aided planning of 
optical fiber networks 

To elucidate the algorithms considered in this paper, the 
general graph shown in Figure 1 serves as a starting point. 
The graph contains multiple nodes n, which are labeled A 
to I. The nodes are connected through several edges e, 
which are labeled according to their distance (“weight”) 
d. The graph represents possible paths of an optical fiber 
network, while the nodes stand for optical network units, 
such as computers, switches and routers, and the edges 
stand for optical fibers. 
 
The objective of constructing an optical fiber network is 
to connect all sinks (i.e. subscribers), here nodes B to I, 
with the source A (i.e. the central cable distributor) with 
minimum cabling and trenching lengths. 
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Figure 1: Example graph containing nodes (optical 
network units) and edges (optical fibers) 

2.1 Prim’s algorithm 

A general approach to generate a solution to the problem 
described above is Prim’s algorithm, more precisely the 
Prim-Jarnik algorithm [8, 14]. Prim’s algorithm results in 
a minimum spanning tree that represents the shortest 
possible connection of all nodes within the graph. The 
calculation is done using the following procedure: Step 1 
starts with a tree  containing only the source node A. 
While  does not contain all nodes, in step 2 the edge 
with the minimum distance  connecting node  within 
the tree  to a node  not yet in the tree  is chosen. 
Subsequently, the chosen node and edge are added to the 
tree . The condition for choosing the next edge within 
the algorithm is described with the following expression: 
 

  (1) 
 
Repeating step 2 until all nodes are added to the tree  
results in the minimum spanning tree shown in Figure 2. 
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Figure 2: Minimum spanning tree of the given graph 
 
Based on the optical fiber network shown in Figure 2, the 
cabling from a sink G to the source A, for example, passes 
through nodes F, E, D, C and B, resulting in an overall 
length of 6 d, where d is the distance between the passed 
nodes (labeled with the distance d=1). All other 



connections behave similar, so that the overall cabling for 
the entire network is summarized as 
 

 
, 6	 , 5	 , 4	  
, 3	 , 2	 , 1	  
, 6	 , 5	 32	 . 

(2) 

 
The trenching length is directly obtained by the minimum 
spanning tree as 8 d. As a result, the minimum spanning 
tree provides a network topology on a graph, leading to 
minimum trenching length, but a cabling length that is 
generally not minimal. 

2.2 Dijkstra’s algorithm 
Another general approach for solving the aforementioned 
problem is Dijkstra’s algorithm. Starting with a brief 
description of digital map data, the generation of a 
shortest path tree using Dijkstra’s algorithm is presented 
in the following subsections. 

2.2.1 Digital maps 
Considering the graph shown in Figure 1, it can be seen 
that the given design is not realistic with respect to a real-
world residential area in engineering practice. Digital map 
data is structured as a graph with nodes and edges, which 
is, however, not directly suitable for computer-aided 
planning of optical fiber networks. Figure 3 shows the 
graph taken from a digital map. The graph is enriched 
with example nodes X and Y for the source and sink, 
respectively, of an optical fiber network. The lines 
represent edges (i.e. streets and walkways) connecting 
intermediate nodes. 

X

Y

 
Figure 3: Extract of a digital map representing nodes and 
edges containing example nodes X and Y for source and 
sink 
 
In Figure 3, the minimum distance between the nodes X 
and Y is, in contrast to the graph shown in Figure 1, not 
apparent. Moreover, there are several identifiable paths 
with different distances, which are possible connections 
between X and Y. 
 
As a result, for computer-aided planning of optical fiber 
networks it is evident that raw digital map data must be 
preprocessed before algorithms can be applied to the data. 

2.2.2 Graph generation using Dijkstra’s 
algorithm 

In order to generate a proper graph based on digital map 
data, it is crucial to find the shortest paths between the 
optical fiber network nodes. A general approach to find 

the shortest path is described by Dijkstra’s algorithm. 
Similar to Prim’s algorithm, Dijkstra’s algorithm starts 
with selecting a starting node  and adding it to a tree . 
In step 2, node , within or next to the existing tree that 
provides the shortest path to starting node , is chosen. 
The shortest path is defined by adding the distance 	of 
the edge, connecting the node  and the node  and the 
previous total length , which is defined by the shortest 
path from the starting node to the node . The condition 
for choosing the next edge within the algorithm is 
described in Eq. (3). 
 

 (3) 
 
While  does not contain the destination node, further 
nodes are added to the tree T. Once the destination node is 
added and all other possible paths are longer than the 
calculated shortest path between the start and destination 
nodes, the algorithm ends. In Figure 4, the shortest path 
from the start node (source) via intermediate nodes to the 
destination node (sink) is visualized. The total length is 
calculated by summarizing the distances of the edges 
involved. 
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Figure 4: Calculated shortest path between the nodes X 
and Y 
 
Calculating the shortest paths between all optical fiber 
nodes (i.e. in this example only between source X and 
sink Y) based on digital map data results in a graph 
similar to Figure 1. Based on the knowledge from 
Dijkstra’s algorithm, it is possible to use the calculated 
shortest paths to generate the shortest path tree. Applying 
Dijkstra’s algorithm to the original graph illustrated in 
Figure 1, the shortest path tree obtained is shown in 
Figure 5. 
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Figure 5: Shortest path tree generated by Dijkstra’s 
algorithm 



Based on the optical fiber network shown in Figure 5, the 
cabling from G to A is routed over the direct and shortest 
path with a distance of 4.47 d. All other connections, 
between the sinks B to I and the source A, behave similar, 
so that the overall cabling for the entire network is 
summarized as: 

 
, 4.47	 , 4.12 , 4	 	
, 3	 , 2	 	 , 1	 	
, 4.47	 	 , 4.12	 	 	27.18	  

(4)

 
The path from E to A includes the paths from D to A, C to 
A, and B to A. It is apparent, that here only one trench is 
necessary to install multiple cables. However, overlapping 
trenching is not taken into account by Dijkstra’s algorithm 
when generating the shortest path tree. Considering this 
overlap (i.e. one trenching section contains multiple 
cables) in a following step reduces the trenching length 
from 27.18 d to 21.18 d. 
 
As a result, Dijkstra’s algorithm provides a proper graph 
based on digital map data. Furthermore, Dijkstra’s 
algorithm leads to a shortest path tree that can be used as 
a network topology with a minimum cabling length, but 
without considering trenching length overlaps. 

2.3 A combinatorial heuristic algorithm 

The previous sections have shown two well-known 
algorithms for generating trees from graphs. Both 
algorithms find the optimum solution according to their 
respective objective. Applied to the planning of optical 
fiber networks, Prim’s algorithm generates an optimum 
solution for minimum trenching length, and Dijkstra’s 
algorithm generates an optimum solution for minimum 
cabling length. Table 1, summarizing the results of the 
previous calculations, corroborates quantitatively that 
both objectives are not optimally achieved with the 
algorithms.  
 
Table 1: Comparison between the lengths calculated by 
Prim and Dijkstra based on the example graph 

 Cabling Trenching 
Prim 32.00 d 8.00 d 
Dijkstra 27.18 d 21.18 d 

 
In order to take a closer look on both algorithms by 
focusing on their selection process, the conditions 
choosing the next edge for Prim’s algorithm and 
Dijkstra’s algorithm are summarized below: 
 
Prim:   cf. (1) 
Dijkstra:   cf. (3) 
 
According to [13], the expressions used for choosing the 
optimum paths in both algorithms (Eq. 1 and Eq. 3) are 
very similar. The combinatorial heuristic AHHK 
algorithm adds a further factor  to the term, which 
affects the Dijkstra part , thus resulting in the following 
equation: 

AHHK: min ∙ 	|0 1   (5) 
 
By setting c=0, it is possible to delete the Dijkstra part 
and to generate a minimum spanning tree similar to 
Prim’s algorithm. On the other hand, by setting c=1, the 
behavior of the AHHK algorithm is similar to Dijkstra’s 
algorithm. Finally, by setting a value 0 1, it is 
possible to smoothly adjust the behavior. In this case, the 
algorithm shows heuristic behavior, enabling an efficient 
calculation of good interim solutions with respect to the 
multi-objective optimization problem. In other words, the 
AHHK algorithm can be used for calculating the shortest 
path tree by setting 1 as well as for calculating the 
minimum spanning tree by setting 0. By setting the 
value 0 1, it possible to calculate a tree that 
provides a potentially lower total cost. Using the example 
graph introduced in Figure 1 and applying Eq. (5) with 
c=0.9, the resulting tree is shown in Figure 6. 
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Figure 6: Optimized tree generated by the combinatorial 
heuristic AHHK algorithm 
 
As a proof of concept, the iterative steps towards an 
AHHK-optimized path from G to A are considered. 
Setting 0.9, the AHHK algorithm calculates the direct 
edge as the optimum path between G and A, similar to 
Dijkstra’s algorithm. As for the path between F and A, 
assuming the same conditions (c = 0.9), the results are 
different to the results of Dijkstra’s algorithm. As can be 
seen from Figure 6, the direct path from F to A has a 
distance of 4.12 d. The AHHK algorithm provides the 
optimum path from F to A via E, D, C, and B with a total 
length of 4.09 d, similar to the results of Prim’s algorithm. 
This is a result of Eq. (5) when multiplying the factor c on 
each iteration, thus decreasing the effect of the Dijkstra 
part (i.e. reducing the valuation of the actual length to the 
starting node). 
 
As a result, the total cabling length for the optical fiber 
network, shown in Figure 6, is 28.94 d. However, with the 
AHHK algorithm, in general, the corresponding trenching 
length cannot be derived directly, similar to Dijkstra’s 
algorithm. Considering the overlap between the trenching 
path and the cabling path (i.e. one trenching section 
contains multiple cables), the trenching length is reduced 
in a further step from 28.94 d to 14.94 d. 



Table 2 provides a comparative overview of the 
algorithms used in this study. Clearly, the combinatorial 
heuristic AHHK algorithm results in an efficient trade-off 
between cabling length and trenching length. 
 
Table 2: Comparison between the lengths calculated by 
Prim, Dijkstra and the AHHK algorithm based on the 
example graph 

 Cabling Trenching 
Prim 32.00 d 8.00 d 
Dijkstra 27.18 d 21.18 d 
AHHK 28.94 d 14.94 d 

 
The example graph, previously used as a proof of 
concept, is too small to demonstrate the efficiency of the 
AHHK algorithm in engineering practice. Therefore, as 
shown in Figure 7, the graph is extended with a second 
layer of nodes. The graph in Figure 7 provides an 
acceptable alternative indicating how the nodes can be 
clustered in the algorithm and how the cable paths can be 
redirected to significantly reduce trenching cost by 
minorly increasing the cabling cost. 
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Figure 7: Extended and optimized tree generated by the 
AHHK algorithm 
 
In conclusion, addressing the research problem of 
computer-aided planning of optical fiber networks, the 
approach presented herein offers a cost-optimized 
network topology for optical fiber networks. The 
following section illustrates the performance of this 
approach by means of validation tests. 

3 Validation tests 
Validation tests of the proposed approach are performed 
using digital map data taken from a residential area in 
Germany. In Figure 8, a topographic map of the 
residential area is shown. 
 

 
Figure 8: Topographic map of the residential area [12] 
 
The residential area has a population of about 500 
inhabitants. Processing of the digital map data reveals that 
the residential area covers about 5 km², containing 147 
addressable buildings, with geographic coordinates as 
well as about 10 km roads and walkways. Figure 9 shows 
the topographic map enriched with dots marking the 
postal addresses and highlighted lines representing roads 
and walkways. The triangle in the center of the image, 
which indicates also center of the residential area, 
represents the central cable distributor providing a high-
speed backbone connection to the Internet. 
 

 
Figure 9: Topographic map of the residential area with 
dots representing postal addresses 
 
Mapping the situation with the combinatorial heuristic 
algorithm, the central cable distributor represents the 
source and every postal address represents a sink; roads 
and walkways represent possible cable paths. In this 
study, the cost for cabling is assumed 5 EUR per meter 
and the cost for trenching is assumed 100 EUR per meter. 
The total cost, based on this simplified assumptions, is 
determined by the cabling length and by the trenching 
length (but not by other civil engineering cost). 
 
The calculation of a cable path from every sink to the 
source is the main goal of the computer-aided planning of 
optical fiber networks. A first simple solution to this goal 
is achieved by applying Dijkstra’s algorithm using a 
graph based on digital map data, which results in 147 
cable paths – one path for each connection between a 
specific sink to the source. Figure 10 depicts the 
calculated shortest path tree; the line weight gets heavier 
with increasing numbers of cables passing through each 
trenching section. 



 
Figure 10: Shortest path tree calculated by Dijkstra’s 
algorithm for the residential area 
 
The total length of the shortest path tree solution are 
47 303 m for cabling and 6822 m for trenching. The total 
building cost for the optical fiber network is 918 715 EUR 
(Table 3). 
 
Table 3: Building cost for the optical fiber network using 
shortest path tree calculated by Dijkstra’s algorithm 

 
Length 
[m] 

Cost/length 
[EUR/m] 

Total cost 
[EUR] 

Cabling 47 303 5 236 515 
Trenching 6822 100 682 200 
Building   918 715 

 
As described above, digital map data is structured as a 
graph with nodes and edges, which is, however, not 
directly suitable for computer-aided planning of optical 
fiber networks. Thereby, it is not directly possible to use 
Prim’s algorithm calculating the minimum spanning tree 
representing an optical fiber network, based on the digital 
map data. To run Prim’s algorithm on digital map data, a 
preprocessing step is required to generate a complete 
graph, similar to the graph shown in Figure 1 that 
contains only optical network nodes and only 
preprocessed edges between the optical network nodes. 
The preprocessed edges of the complete graph can be 
generated by using Dijkstra’s algorithm calculating the 
shortest paths between all optical fiber nodes. In the 
residential area serving as an example, the complete graph 
contains 148 nodes (1 source and 147 sinks), which are, 
per definition of a complete graph, connected over 21 904 
edges (148 x 148 nodes). It should be noted that the 
preprocessing of the complete graph (21 904 edges = 21 
904 shortest path calculations) requires more computing 
time, compared to the shortest path tree with 147 cable 
paths. 
 
Running Prim’s algorithm on the complete graph, which 
is generated after the preprocessing step, results in a 
minimum spanning tree that represents an optical fiber 
network similar to Figure 2. Figure 11 shows the 
calculated minimum spanning tree. 
 

 
Figure 11: Minimum spanning tree calculated by Prim’s 
algorithm for the residential area 
 
The total lengths of the minimum spanning tree solution 
are 95 154 m for cabling and 6309 m for trenching. The 
building cost for the optical fiber network are 1 106 670 
EUR (Table 4). 
 
Table 4: Building cost for the optical fiber network using 
minimum spanning tree 

 
Length 
[m] 

Cost/length 
[EUR/m] 

Total cost 
[EUR] 

Cabling 95 154 5 475 770 
Trenching 6309 100 630 900 
Building   1 106 670 

 
The calculation of the shortest path tree leads to the 
optimum cabling length, and the minimum spanning tree 
provides the optimum trenching length. The conflict 
between the cabling cost and the trenching cost is clearly 
illuminated in Table 3 and Table 4. 
 
The combinatorial heuristic AHHK algorithm is applied 
to the residential area. The heuristic behavior of the 
AHHK algorithm and the uniqueness of every residential 
area do not allow to define a general value for  to 
achieve optimum results. Therefore, theoretically, the 
AHHK algorithm needs to be executed for all possible 
values between 0 1. Iterating the AHHK algorithm 
with a fixed step size over the whole range of c values is a 
practical solution. In this study, a step size of ∆ 0.04 
is selected for the increments. Choosing larger increments 
results in coarser grids, while smaller increments increase 
the computation time. Table 5 summarizes the cabling 
cost, the trenching cost, and the total building cost for an 
optical fiber network in the residential area considered. In 
Figure 12, the data of Table 5 is graphically visualized. 



Table 5: Total building cost for the optical fiber network iterating the AHHK algorithm 

c 
Cabling cost 
[EUR] 

Trenching cost 
[EUR] 

Total  
building cost 
[EUR] 

Building cost compared with the optimal solution of… 

Minimum 
spanning tree 
(Prim) 

Shortest path 
tree (Dijkstra) 

AHHK-
optimized tree 

0.00 475 770 630 700 1 106 470 100.0% 120.4% 123.0% 

0.04 442 640 630 700 1 073 340 97.0% 116.8% 119.3% 

0.08 442 835 630 700 1 073 535 97.0% 116.9% 119.4% 

0.12 442 835 630 700 1 073 535 97.0% 116.9% 119.4% 

0.16 442 870 630 700 1 073 570 97.0% 116.9% 119.4% 

0.20 442 915 630 700 1 073 615 97.0% 116.9% 119.4% 

0.24 449 350 632 000 1 081 350 97.7% 117.7% 120.2% 

0.28 427 205 631 600 1 058 805 95.7% 115.2% 117.7% 

0.32 431 300 631 100 1 062 400 96.0% 115.6% 118.1% 

0.36 431 485 631 100 1 062 585 96.0% 115.7% 118.1% 

0.40 431 485 631 100 1 062 585 96.0% 115.7% 118.1% 

0.44 431 580 631 100 1 062 680 96.0% 115.7% 118.2% 

0.48 431 580 631 100 1 062 680 96.0% 115.7% 118.2% 

0.52 427 755 632 500 1 060 255 95.8% 115.4% 117.9% 

0.56 427 755 632 500 1 060 255 95.8% 115.4% 117.9% 

0.60 428 400 633 400 1 061 800 96.0% 115.6% 118.1% 

0.64 419 325 633 000 1 052 325 95.1% 114.5% 117.0% 

0.68 418 295 633 000 1 051 295 95.0% 114.4% 116.9% 

0.72 418 295 633 000 1 051 295 95.0% 114.4% 116.9% 

0.76 416 155 633 200 1 049 355 94.8% 114.2% 116.7% 

0.80 410 575 628 100 1 038 675 93.9% 113.1% 115.5% 

0.84 395 260 630 900 1 026 160 92.7% 111.7% 114.1% 

0.88 296 355 637 200 933 555 84.4% 101.6% 103.8% 

0.92 274 055 648 400 922 455 83.4% 100.4% 102.6% 

0.96 243 560 655 800 899 360 81.3% 97.9% 100.0% 

1.00 236 515 682 200 918 715 83.0% 100.0% 102.2% 
 

 
Figure 12: Cost for the optical fiber network iterating the AHHK algorithm 
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As can be seen from Table 5 and from Figure 12, 0 
represents the minimum spanning tree for minimum 
trenching cost, and 1 represents the shortest path tree 
for minimum cable cost. Values of 0 1 correspond 
to relatively good results (where no clear trend is 
observed), as can be seen at the local optimum at 
0.24 and 0.60. At c = 0.96, the benefit using the 
AHHK algorithm is highlighted; the total building cost 
assumes the lowest value, i.e. 899 360 EUR. Figure 13 
visualizes the AHHK-optimized tree that looks very 
similar to the shortest path tree obtained by Dijkstra’s 
algorithm (c = 1.00). 
 

 
Figure 13: AHHK-optimized tree based on the residential 
topography and 0.96 
 
Figure 14 provides a detailed comparative view of the 
upper left corners of Figure 10 (shortest path tree) and of 
Figure 13 (AHHK-optimized tree). As can be seen, from 
the location of the optical fiber node at the upper left 
corner there are two possible paths to the central 
distribution point. The minimum cabling path is the upper 
road, while the minimum trenching path is the lower road. 
From the total building cost obtained by the AHHK 
algorithm, it is deduced that, in this case, spending more 
cabling than trenching results in a more cost-efficient 
planning. 
 

 
Figure 14: Detailed view of the shortest path tree (left) 
and the AHHK-optimized tree (right) 
 
As a result, the described algorithms are usable for 
computer-aided planning of optical fiber networks. The 
validation tests, serving as a proof of concept, have shown 
that using the combinatorial heuristic AHHK algorithm 
requires as much preliminary work as using Prim’s 
algorithm, but it has the crucial merit of quickly finding 
good or better solutions than Prim’s algorithm and 
Dijkstra’s algorithm. 

4 Conclusions 
In this paper, different algorithms for computer-aided 
planning of optical fiber networks have been compared. 
The well-known single-objective algorithms of Prim and 
Dijkstra have been examined, and the conflicting 
objectives have been illuminated. Prim’s algorithm, based 
on the minimum spanning tree, minimizes the trenching 
cost, and Dijkstra’s algorithm, based on the shortest path 
tree, minimizes the cabling cost. A solution to the conflict 
of objectives, particularly for computer-aided planning of 
optical fiber networks, has been proposed by applying the 
combinatorial heuristic AHHK algorithm. The AHHK 
algorithm has been elucidated and examined with respect 
to digital map data of an existing residential area. 
Validation tests have shown that applying the AHHK 
algorithm results in reduced building cost for optical fiber 
networks in comparison with the single-objective 
optimization algorithms. In the example, total building 
cost of 899 360 EUR as compared to 918 715 EUR 
(shortest path tree) and 1 106 470 EUR (minimum 
spanning tree) have been achieved, which is equivalent to 
cost reductions of 2% and 23%, respectively. 
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