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Creating Power System Network Layouts:
A Fast Parallel Algorithm

Jon Olauson , Manuel Marin, and Lennart Söder, Senior Member, IEEE

Abstract—When analyzing power systems, it is often desirable to
visualize the network of buses and branches. Here, a new algorithm
for producing 2-D network layouts is proposed. The method con-
sists of two steps: first, a matrix of desired distances between all bus-
pairs is computed based on base voltages and branch reactances
and, second, coordinates that minimize the errors between desired
and actual distances are found. The parallelization used in the latter
step is particularly beneficial for interpreted languages; it is shown
that layouts for relatively large systems (a few thousand buses) can
be produced within seconds on a standard laptop computer using
Python or Matlab. Predefined coordinates for selected buses can
optionally be given as input. This can be useful, e.g., when one
wants to retain some geographical aspects of the system or wish
to compare a full and reduced network model. Although the focus
here is on power systems, the algorithm can also be used for other
types of networks.

Index Terms—Gradient methods, graph theory, layout, network
topology, parallel algorithms, power systems, visualization.

NOMENCLATURE

CK17 Paper by Cuffe and Keane [1].
MDS Multidimensional scaling.
PTDF Power transfer distribution factor.
SGD Stochastic gradient descent.
PSGD Parallel stochastic gradient descent.
Z19 Paper by Zheng et al. [2].
D Desired distances between bus-pairs.
dij Element of D (row i, column j).
DPT Desired distances between bus-pairs in CK17.
ex Exponent for reactance (1).
ev Exponent for voltage (1).
η Step size.
Hi Dc PTDF matrix with bus i as slack.
μij Determines bus movement; μij = min{wijη, 1}.
N Number of buses in network.
r Optimal bus movement.
Sk Subset of bus-pairs to process in parallel.
vi Base voltage for bus i (kV).
vij min{vi, vj}.
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wij Weight assigned to bus-pair (i, j).
xij Per unit reactance of branch between bus i and j.
Y Bus coordinates (N × 2 matrix).

I. INTRODUCTION

THERE is often a need to visualize power system networks
but explicit bus coordinates, be it geographical or other,

might not be available. Given basic system parameters, one, thus,
wants to make a projection in two dimensions that is visually
pleasing and highlights important characteristics of the system.
Such visualization tools are essential in the context of modeling
software, as they provide an insight that cannot be obtained by
merely looking at numerical data. However, determining net-
work layouts based on available projection tools can become, for
a significant number of cases, very computationally taxing. This
article proposes a novel methodology that makes the generation
and visualization of power system layouts much more affordable
from a computational point of view. In this way, it can be used
in modern desktop applications while providing a satisfactory
user experience.

Several different methods for producing (power system) net-
work layouts have been proposed in the literature. Since our
work builds heavily on Cuffe and Keane (CK17) [1] and Zheng
et al. (Z19) [2], we only review those methods here and refer
to [1]–[3] for more extensive overviews of the field. The general
approach taken in CK17 and Z19 was as follows.

1) Define desired distances between all bus-pairs.
2) Find a 2-D embedding so that distance errors are mini-

mized [multidimensional scaling (MDS)].
Z19 focused on a method for projecting a given distance

matrix in two dimensions. Different types of systems were ana-
lyzed, i.e., not only power systems. It was shown that a stochastic
gradient descent (SGD) method converges fast and safely to
low stress levels, corresponding to low distance errors. A more
detailed description of the SGD method is given in Section III-B.
Z19 implemented their algorithm in C# and layouts for large
graphs (several thousand nodes) were computed within seconds.

CK17 focused mainly on the choice of distance metric and
conclude that the best metric depends on the purpose of the
study. One candidate, denoted PT in CK17 and DPT here, was
based on dc power transfer distribution factors (PTDFs). CK17
deemed DPT “a strong candidate as the default layout choice
in general power system analysis applications.” This conclusion
was strengthened in a follow-up paper [4]. The main drawback
with the method is the long computational time for systems
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with large numbers of buses (N ); in CK17’s implementation,1

for Matpower [5], a warning is issued when N > 300. As
demonstrated in Section IV-D, the computational time can be
over an hour for a system with a few thousand buses.

We agree with the conclusion in CK17; computing the dis-
tance matrix based onDPT and subsequently using MDS yields
attractive and informative power system network layouts. The
only weakness with the method proposed in CK17 is the rel-
atively long computational time for larger systems. How long
is too long is of course dependent on application and user
expectation. The algorithm developed here, including more
advanced plotting features, will be implemented in the Spine
toolbox.2 Spine is an open-source software for energy systems
modeling under development. For user experience, we deem
1-s computational time to be good, 10 s acceptable, and longer
than that annoying or unacceptable. We, however, believe that
a method to swiftly produce layouts similar to those in CK17
could be useful for many other applications as well.

In order to improve speed, our algorithm is parallel so it
can be implemented using fast vectorized operations available
in popular GUI programming and scripting languages (e.g.,
Python and Matlab).3 A parallel algorithm can also benefit from
automatic compiler optimization in languages like C, but this is
not the focus here.

The main contributions of this article are as follows.
1) A proxy for DPT of CK17 based on reactances and bus

base voltages is found, thus reducing computational time
drastically (several orders of magnitude). By adjusting the
two parameters of the proxy, the layout can be changed,
e.g., mimicking true geographical distances instead of
DPT .

2) A parallel version of Z19’s SGD is developed (denoted
PSGD), thus making the algorithm suitable for a vector-
ized implementation in Matlab and Python (which are
slow at looping but relatively fast at matrix and vector
operations [7]).

3) Predefined bus coordinates are introduced. The user can
specify coordinates of some buses, which will be fixed
or changed less than others during the optimization, thus
retaining some desired spatial properties of the layout.

4) Matlab and Python implementations have been developed.
All simulations were performed in Python 3.6.4 (including

Numpy 1.14.2 and Scipy 1.0.1) and Matlab R2017b on a laptop
with Intel Core i7-7600 and 16 GB of RAM.

Throughout the article, bold, capital characters are used for
matrices, Ai is row i of A and aij is the element on row i,
column j. Buses and branches correspond to nodes and edges
in graph theory. Two adjacent buses are directly connected via
a branch, i.e., a transmission line or transformer.

The remainder of this article is organized as follows. In
Section II, some information on the studied power systems are
given, in Section III, the methods are presented and in Section IV,

1plot_mpc.m, [Online]. Available: http://www.pserc.cornell.edu/matpower/
docs/ref/matpower6.0/extras/misc/plot_mpc.html, Accessed on: 2018-04-26.

2[Online]. Available: http://www.spine-model.org/
3Power system simulation tools for Matlab and Python include Matpower,

Pypower, Pypsa, Pandapower, and Gridcal, see [6].

TABLE I
PRIMARILY ANALYSED CASES

The number of branches is after aggregation of parallel
lines and transformers.

results are given. The article is concluded with a discussion
section and conclusions, including suggestions for future work.

II. CASES

We primarily studied four power system cases taken from the
Matpower [5] database. As can be seen in Table I, the numbers
of buses range between a little over a hundred and almost 3000.
Parallel branches were aggregated so that a maximum of one
branch exists between each bus-pair.

III. METHODS

For orientation, pseudo-code for the methodologies of CK17,
Z19, and the one proposed here is given in Table II. Note that
some simplifications have been made, in particular for the MDS
method of CK17.

A. Distance matrix

The “power transfer distance” metric proposed in CK17
consists of an N ×N distance matrix, denoted DPT here. As
demonstrated in CK17, using DPT yields nice looking and
informative layouts but as seen in Section IV-D, the algorithm
is computationally taxing for large systems.

In order to speed up the calculation of the distance matrix,
we hypothesize that a good proxy D can be found in which the
distances between adjacent buses are computed from the branch
reactances and bus base voltages, and the remaining entries are
found with a shortest-path search. The two-parameter (ex and
ev) model considered was

dij = xex
ij · vevij ∀(i, j) ∈ A (1)

where xij is the per unit reactance for the branch between bus i
and j, A is the set of adjacent bus-pairs and

vij = min{vi, vj} (2)

where vi is the base voltage (in kV) of bus i.
Several fast algorithms for shortest path searches exist in

the literature, we employed Dijkstra’s [11] and Johnson’s [12]
for the Python and Matlab implementations, respectively. In
order to determine suitable values for parameters ex and ev
in (1), correlations between elements in the full D matrix
and corresponding elements in DPT were maximized using the
Nelder–Mead simplex method [13]. As will be demonstrated in
Section IV-B, other parameter values can be chosen if a different
layout appearance is desired.

http://www.pserc.cornell.edu/matpower/docs/ref/matpower6.0/extras/misc/plot_mpc.html
http://www.spine-model.org/
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TABLE II
OVERVIEW OF THE METHODOLOGIES IN CK17, Z19, AND THE ONE PROPOSED HERE

The first row gives methods for computing distance matrices and the second row presents algorithms for finding the 2-D embedding. Handling of predefined coordinates
(Section III-D) is not described here.

Note that the algorithm proposed above is model independent.
The required input parameters are bus numbers, bus base volt-
ages, branch from buses, branch to buses, and branch per unit
reactances.

B. Stochastic Gradient Descent

After the distance matrix has been computed, a 2-D projection
should be performed, minimizing the errors between desired
(D) and actual distances. We largely followed the method in
Z19, which is presented in this section; the main differences are
the parallelization (see Section III-C) and the introduction of
predefined coordinates (see Section III-D).

Let Y be the N × 2 coordinate matrix, where yi1 and yi2 are,
respectively, the x- and y-coordinates of bus i in the layout. The
system stress that is to be minimized is defined as

stress(Y ) =
∑

j>i

wij(||Y i − Y j || − dij)
2 (3)

wherewij is a weight assigned to each bus-pair and ||Y i − Y j ||
is the euclidean vector norm. As in Z19, we use wij = d−2

ij , thus
de-emphasizing remote bus-pairs.

The bus positions of the initially randomized layout are
updated in a few (ten seem to be adequate for our purposes)
iterations. In each of these iterations, all possible bus-pairs where
j > i are updated once in random order; this is hereby referred
to as the “inner loop.” If ||Y i − Y j || > dij , then the current
distance is larger than the desired and we move the buses closer to
each other along the imagined connecting line (and vice versa).
It can be shown (Z19) that the optimal movement is

rij =
||Y i − Y j || − dij

2

Y i − Y j

||Y i − Y j || . (4)

During the first iteration, the buses are moved the full distance
given by r. For the following iterations, gradually smaller steps
are taken, which is accomplished by multiplying the coordinate
changes with a factor

μij = min{wijη, 1}. (5)

The variable η, denoted step size in Z19, can be reduced by
different schedules. We follow the recommendations in Z19 and
use an exponential decline

η = ae−bt (6)

where parameters a and b are fitted to give the value 1/wmin at
the first iteration (t = 0) and ε/wmax at the last iteration. Here,
ε = 1 is used.

C. Parallelization Strategy

As will be demonstrated in Section IV-D, updating the bus
positions pair by pair results in unacceptably long execution
times in languages such as Python and Matlab. Since only
coordinates for the two buses in the pair in question are affected,
it is, however, possible to parallelize the algorithm to a large
degree, thus allowing for a vectorized implementation. Observe
that the set of all bus-pairs that should be updated simultaneously
during one iteration of the inner loop will be a subset S of the
full set of N(N − 1)/2 bus-pairs.

A full parallelization, i.e., updating all pairs simultaneously,
is not possible since each bus can only be moved once in each
iteration of the inner loop. The theoretical minimum number of
subsets (for even N ) is N − 1; all buses are, then, members of
exactly one pair in each subset S , i.e., each subset contains N/2
bus-pairs. The proposed parallelization scheme, illustrated in
Fig. 1, guarantees a maximum of 3N/2 subsets. As an example,
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Fig. 1. Parallelization algorithm; the upper triangular matrix is partitioned into
subsets of bus-pairs (subsets 1–6 showed here). The first two subsets are taken
from the first (blue) diagonal as [1, 2, 1, 2,...], the second two subsets from the
second diagonal as [3, 3, 4, 4, 3, 3,...], etc. Note that each bus can only be part
of each subset once.

with 2000 buses, the number of inner loop iterations is reduced
from around 2 million to 3000. Even though each iteration
takes somewhat longer to execute, the overall speed is improved
drastically (see Section IV-D).

It should be noted that algorithms for partitioning the
N(N − 1)/2 bus-pairs into fewer subsets exist, e.g., using ran-
dom methods or optimization. From experimenting, the parti-
tioning must, however, be based on a simple rule, otherwise the
reduced computational cost due to fewer subsets is more than
offset by the increased cost for partitioning.

In the SGD algorithm of Z19, the bus-pairs are updated in
random order (see Table II). In order to achieve the same effect
for PSGD, a random permutation of the bus indices is performed
each iteration. To be more precise; the indices in the subsets
described in this section do not point directly to the buses
but rather point to the buses through a “key” with randomly
permuted numbers between one and N .

D. Predefined Coordinates

So far we have assumed that bus coordinates are completely
unknown. One might, however, have a rough idea of geographi-
cal locations that one wants to retain; subsystem A is located in
south-east, subsystem B in north, etc. Alternatively, a one-line
diagram for the high-voltage system might have already been
produced and one wants to complete the layout with low-voltage
buses. A third field of application is for comparing a full and a
reduced network model [14] where some buses might be shared
between the two systems.

We, thus, introduce the concept of buses with predefined start
coordinates and certain heaviness. These buses will generally
be moved less than buses without predefined coordinates during
the optimization. This is implemented by dividing μij in (5) for
a certain bus by its heaviness. Three options of interest for buses
with predefined coordinates are as follows:

Fig. 2. IEEE24 test case with potentially predefined bus coordinates high-
lighted using blue text. (a) Original layout, (b) “free” layout, and (c) layout
using four predefined coordinates with bus heaviness 10 (marked with blue bus
numbers in all panels).

Fig. 3. Coefficients of determination (R2) for different exponents in the
distance equation dij = xex

ij · vevij (1) when comparing to DPT . Optimal
points are marked with crosses.

1) unity heaviness: they move like other buses but from
predefined start positions;

2) heaviness above one: they move, but less than other buses;
3) infinite heaviness: fixed positions.
In order to better understand the above concepts, Fig. 2 shows

three layouts of the IEEE24 test system [15]. Panel a, b, and
c show, respectively, the original layout digitized from [15], a
“free” layout (no predefined coordinates), and a layout with four
predefined coordinates using bus heaviness equal to ten. Note
that in the latter panel, the four buses have been moved somewhat
as compared to Fig. 2(a) in the optimization process in order to
reduce system stress. This was allowed since the heaviness was
set to ten rather than infinite.

In our implementation without predefined coordinates (see
Section III-B), the distance matrix D is scaled by default so
that the system diameter (i.e., the longest distance) is 100 units
and the coordinate matrix Y is initialized with random numbers
in the range (−50, 50). When predefined coordinates for some
buses are provided to Y , these might imply that different scales
in x and y are necessary. As an example, a system might
have equal dimensions in latitude and longitude, but one wants
a portrait-oriented layout and provide predefined coordinates
accordingly. When comparing dij and the distance between Y i

and Y j , we, thus, replace the euclidean norm in (3) and (4) with
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Fig. 4. Example layout for the RTE1888 system using different exponents in (1). (a) dij = xij , (b) approximately geographical distances between adjacent
buses, (c) equal distances between all adjacent buses, (d) proposed default, and (e) de-emphasizing low-voltage buses.

its weighted counterpart

||Y i − Y j ||w = [(wx(yi1 − yj1))
2 + (wy(yi2 − yj2))

2]0.5

(7)
where the weighting parameters wx and wy are selected to
minimize

∑
|dij − ||Y i − Y j ||w|∀(i, j) ∈ Q (8)

where Q is the set of bus-pairs with predefined coordinates. The
Nelder–Mead simplex method was employed for the optimiza-
tion [13], [16]. Note that predefined coordinates for at least three
buses are necessary to uniquely define wx and wy . For faster
convergence, the center of the initial random layout was also
moved to the center of the predefined coordinates.

IV. RESULTS

The results are presented in four sections: in Section IV-A,
the proxy for DPT is evaluated; in Section IV-B, some example
layouts are showed and discussed; in Section IV-C, system stress
results are presented; in Section IV-D, the computational time
is analyzed.

A. Proxy for DPT

As described in Section III-A, we look for suitable values of ex
and ev in (1) so that the resulting distance matrix D correlates
well with DPT . In Fig. 3, coefficients of determination (R2)

between D and DPT are shown for ex, ev ∈ [0, 1]. Clearly, the
optimal points (marked with black crosses) differ between the
systems. Note that IEEE300 and RTE1888 seem to be more
sensitive to the choice of exponents. This can be explained by
the presence of low voltage buses (or rather, large differences
in system base voltages); if the exponents, in particular ex, are
too high, low voltage branches will be too long and R2 will be
low (see Fig. 4 for examples of resulting layouts). Also note that
(ex, ev) around (0.3, 0.3) works fine for all systems. Using these
exponents results in an average R2 of 0.93, only 0.008 below
the average when using system-specific optimized exponents.

In order to validate the performance of the proposed proxy,
seven additional systems4 from the Matpower database were
analyzed. For a few of these, no base voltages were available. In
these cases, all voltages were set to 300 kV. As an average, R2

was 0.012 lower with ex = ev = 0.3 than with system-specific
optimized exponents; slightly worse than for the four primarily
analyzed systems, but still good. We conclude that the proposed
algorithm for computing D gives similar distances as the much
more computationally taxing DPT (see Section IV-D).

It can be mentioned that if a proxy of true geographical dis-
tances between adjacent buses is desired, the exponents should
be considerably higher. Based on an analysis of Nordic power
system data where line lengths in km were available, optimal
values of ex and ev are 1.0 and 2.3, respectively. It can be noted

4case9, case14, case24_IEEE_rts, case30, case57, case145, case2383wp.
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Fig. 5. Resulting layouts of all four considered systems. Red, green, and black
lines are used for the highest, the second highest, and the remaining base voltage
levels, respectively. (a) IEEE118. (b) IEEE300. (c) RTE1888. (d) Pegase2869.

that assuming constant Ohm-per-km reactances for transmission
lines yields dij ∝ xijv

2
ij , i.e., close to the optimal values of

ex and ev for the Nordic system. For geographical distances,
transformer branch lengths should naturally be very close to
zero.

B. Layout Examples

As can be understood from (1) and the discussion in the pre-
vious section, choosing different exponents ex and ev will yield
different layouts, highlighting certain features of the system. The
layout examples in Fig. 4 illustrate the impact of this choice for
RTE1888. Figure 4(a) shows the layout using “naïve electrical
distances,” i.e., the desired distances between adjacent buses are
proportional to branch reactances. This can be accomplished
by using (ex, ev) = (1, 0) in (1). For RTE1888, this plot does
not look particularly good since the per-unit reactances are very
high for low-voltage branches and consequently these branches
become very long. As discussed in Section IV-A, ex = ev = 0.3
generally gives visually pleasing layouts in good agreement with
those based on DPT [see Fig. 4(d)]; this is our recommended
default setting. If the system contains a lot of low-voltage buses,
which are not the primary interest, ev can be increased as
demonstrated in Fig. 4(e). Two special cases of interest are also
ex = ev = 0, which gives the same desired distance between all
adjacent buses [see Fig. 4(c)] and (ex, ev) = (1.0, 2.3), which
can be used to mimic geographical distances between adjacent
buses [see Fig. 4(b)]. The layouts of all four considered systems,
using the default values ex = ev = 0.3, are illustrated in Fig. 5.

C. System Stress

Since the SGD algorithm has already been proved to yield
low system stress fast and safely in Z19, this is not the main
focus here (our parallel implementation, PSGD, does not affect

TABLE III
SAMMON STRESS, RESULTS FOR 100 RUNS PER CASE

NSTD is short for normalized standard deviation.

TABLE IV
COMPUTATIONAL TIME IN SECONDS FOR DISTANCE MATRIX,

MEAN OF FIVE RUNS

these results). However, in order to make a fair comparison of
the computational time for the proposed algorithm and the MDS
algorithm used by CK17, we need to show the stress levels for
PSGD are similar or lower than for CK17. Since both algorithms
start with random coordinates, different runs will yield different
layouts and corresponding system stresses. We, thus, performed
100 runs for each case, using D as the desired distance matrix,
and analyzed the mean, normalized standard deviation (NSTD,
standard deviation divided by mean), and maximum of Sammon
stress. This type of stress can be computed by setting wij = d−1

ij

in (3) and normalizing by the sum of all considered weights, see,
e.g., CK17 for the explicit equation. Ten iterations were used in
PSGD.

Results are given in Table III. The mean stress is relatively
similar for the two different methods; the average for all four
cases is, in principal, identical (0.033). However, the spread of
results, captured by the NSTD metric, is significantly higher for
CK17 (except for the RTE1888 case, which converges to almost
identical solutions for all runs). The maximum to mean ratios
are also higher; 1.26 for CK17 versus 1.09 for PSGD in average
over the four cases. We, thus, conclude that a speed comparison
based on ten iterations for SGD and PSGD is fair. It should
be recognized that we used the CK17 MDS implementation
without changes. By, for instance, using the classical MDS
solution as starting point, more reliable results could be attained.
This, however, yields deterministic layouts, which is not always
desirable.

D. Computational Speed

As compared to CK17 and Z19, two new features were
added in our implementation: a parameterized model of D,
thus facilitating adjustments of the layout appearance, and the
possibility to provide predefined coordinates. The main goal
with this work was, however, to replicate the results of CK17,
only faster (preferably much faster). This section, thus, contains
the most important results.
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TABLE V
COMPUTATIONAL TIME IN SECONDS FOR 2-D EMBEDDING ALGORITHMS,

MEAN OF FIVE RUNS

The time for calculating the distance matrix is shown in
Table IV. Three different methods were compared: DPT as
developed and implemented by CK17 and the suggested D as
implemented by us in Matlab and Python. It is clear that the
computational time for DPT scales poorly with system size and
may be considered unacceptable for systems with more than
a few hundred buses. Regarding the computation of D, the
Matlab implementation is more than twice as fast as the Python
ditto, except for the small IEEE118 system. It can be mentioned
that the Scipy/Python implementation of Johnson’s shortest path
algorithm is somewhat slower than Dijkstra’s for the analyzed
systems.

The time for calculating the layout from a given distance
matrix is shown in Table V. Three different methods were
compared: the MDS algorithm as implemented by CK17, SGD,
and PSGD. For the two latter methods, the performances of both
Matlab and Python implementations were assessed. As before,
ten iterations were used for (P)SGD. The PSGD implementation
clearly outperforms the other two, especially for the two larger
systems. In Matlab, the parallelization and vectorization of SGD
speeds up the calculation for large systems by a factor of roughly
100, and in Python, the corresponding factor is around 50.

The total computational time of the proposed method (compu-
tation of distance matrix and projection) seems to grow quadrat-
ically with the number of buses, N , which is also the case for
SGD according to Z19. For validation, layouts were calculated
for two larger systems: RTE with 6515 buses [9] and Pegase with
9241 buses [9], [10]. The total computational times in Matlab
were 36 and 76 s, respectively, mostly spent at PSGD, which fits
well into the quadratic dependence on N .

V. DISCUSSION

Relatively high correlations between DPT and D were ob-
tained with a simple and fast calculation based on branch re-
actances and base voltages: dij = xex

ij · vevij . However, a more
advanced functional form and the inclusion of more predictor
variables could potentially give somewhat better results. We
did not investigate this further since the resulting layouts were
deemed satisfactory. Another benefit of the current implemen-
tation is that the parameters can easily be adjusted if one wants
to change the layout appearance. Since the model for D is so
simple, it is not difficult to anticipate how the layout is affected
by an adjustment.

For systems with up to a few thousand buses, layouts can
be produced in Matlab or Python within seconds and with
modest RAM memory requirements (less than 1 GB). For larger

networks, the proposed algorithm has two important limitations
to consider: one limit depending on available memory and one
depending on acceptable computational time. Both memory use
and computational time scale approximately asN2. When omit-
ting the stress computation and excluding Matlab’s background
usage, memory use is roughly 1.1 GB for a 9241 bus system.
This translates to around 5.2, 11.6, and 20.6 GB for 20 000,
30 000, and 40 000 bus systems, respectively. As mentioned
in the previous section, the computational time for a 9241 bus
system was 76 s on our computer. Layouts for systems larger
than 20 000 buses, thus requires several minutes to compute.
If the layout is only computed once, this is likely acceptable,
but if they are to be produced repeatedly, one can consider to
implement some method for large graphs (see, e.g., Section IV-C
in Z19).

There are two important uncertainties to consider with the
algorithm. First, since a random layout is used as a starting
point, different layouts will be obtained in each run (unless
seed is used). This is generally positive since one can make a
few different layouts and chose, e.g., the most visually pleasing.
Second, there is no guarantee that minimum possible stress levels
are obtained. As shown in Table III, the standard deviations of
stress are, however, low (below 3% of the mean). If minimizing
stress is an important criterion, it is possible to increase the
number of iterations from the default of ten and/or to make
several layouts and pick the one with lowest stress.

Although the focus here is on power systems, the algorithm
can be used for any type of network. Some system-specific
adjustments of (1) would naturally be necessary.

VI. CONCLUSION

This article relies heavily on the ideas presented in CK17;
in order to produce an attractive and informative power sys-
tem layout, a matrix of desired distances between all bus-pairs
is computed and subsequently bus coordinates are found that
minimizes the distance errors. Our implementation of the latter
builds upon the work of Z19.

In CK17, several different candidate distance matrices were
evaluated and it was concluded that DPT is “a strong candidate
as the default layout choice in general power system analysis
applications.” We agree with this statement and show that a
proxy D based on branch reactances and base voltages yields
similar results for a fraction of the computational cost (more than
three orders of magnitude cheaper for larger systems). Another
advantage ofD is its flexibility; the layout can easily be adjusted
by changing the two parameters, e.g., to instead mimic true
geographical distances or to further de-emphasize low-voltage
parts of the system.

The SGD method of Z19 yields low system stress fast and
safely. However, in interpreted languages such as Python and
Matlab, the excessive looping makes the algorithm slow. The
parallel version presented here (PSGD) is considerably faster
than both SGD and the MDS algorithm used in CK17, thus en-
abling layout calculations for systems containing a few thousand
buses. Finally, the option to provide predefined coordinates was



3694 IEEE SYSTEMS JOURNAL, VOL. 14, NO. 3, SEPTEMBER 2020

added. This can be valuable, e.g., if one wants to retain some
geographical aspects of the system.

Python code for calculating and performing PSGD is pub-
lished on Code Ocean [17]. Matlab code can be sent upon
request. Any continued development or suggestions for improve-
ment are, of course, very welcome. Three possible areas of future
work are outlined below.

The focus of this article is on computational speed in inter-
preted languages but, as mentioned in the introduction, compiled
languages like C can also benefit from a parallel algorithm.
Implementing PSGD in a compiled language and comparing
the performance with that of SGD would be a natural next step.

In order to easily interpret network diagrams, it is generally
desirable that few lines are crossing [3], [4]. Although this is
not specifically optimized by (P)SGD, the numbers of crossings
tend to be reduced to descent levels. A possible improvement
of the algorithm would be a postprocessing stage to reduce this
number further.

As demonstrated in Section IV-D, the parallelization and
vectorization of SGD improved the computational speed in
interpreted languages drastically. The partitioning algorithm
is, however, not fully optimal; the number of subsets is
around 3N/2 rather than N (the optimum) and some room
for improvement, thus, still exists. We leave it as a chal-
lenge to the reader to find an optimal, rule-based, partitioning
algorithm.
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