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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scientific influence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scientific influence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
2015 28
2016 24
2017 46
2018 77

Citations per document

This indicator counts the number of citations received
by documents from a journal and divides them by the

total number of documents published in that journal.
The chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2015 0.000
Cites / Doc. (4 years) 2016 5.321
Cites / Doc. (4 years) 2017 10.615
Cites / Doc. (4 years) 2018 11.663
Cites / Doc. (4 years) 2019 9.514
Cites / Doc. (4 years) 2020 2.486
Cites / Doc. (4 years) 2021 3.239
Cites / Doc. (3 years) 2015 0.000
Cites / Doc. (3 years) 2016 5.321

Total Cites  Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is defined as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.
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Metrics based on Scopus® data as of April 2022

Ruan Su 3 months ago

Dear SCImago Team,

I do not see the metric of the Software Impacts journal, which is in the same field as the SoftwareX

journal.

Despite the Software Impacts belonging to the ESCI

(https://www.sciencedirect.com/journal/software-impacts/about/abstracting-and-indexing), it's

not in your database. Please check it.

Kind regards,

reply

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country
address.

Year International Collaboration

Citable documents  Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial
research (research articles, conference papers and
reviews) in three year windows vs. those documents
other than research articles, reviews and conference

papers.

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 2015 0
Uncited documents 2016 15
Uncited documents 2017 20
Uncited documents 2018 37
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Software publication Open access

AMLBID: An auto-explained Automated Machine Learning tool for Big Industrial Data

Moncef Garouani, Adeel Ahmad, Mourad Bouneffa, Mohamed Hamlich
Article 100919

View PDF Article preview

Software publication Open access

PADRES: Tool for PrivAcy, Data REgulation and Security

Fábio Pereira, Paul Crocker, Valderi R.Q. Leithardt
Article 100895

View PDF Article preview

Software publication Open access

NiceProp: An interactive Python-based educational tool for non-ideal compressible fluid
dynamics

Andrea Giuffre’, Matteo Pini
Article 100897

View PDF Article preview

Software publication Open access

coppeCosenzaR: A hierarchical decision model

Pier-Giovanni Taranti, Carlos Alberto Nunes Cosenza, Leonardo Antonio Monteiro Pessôa, Rodrigo
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Article 100899

View PDF Article preview
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CSTNU Tool: A Java library for checking temporal networks

https://www.sciencedirect.com/science/article/pii/S2352711021001631
https://www.sciencedirect.com/science/article/pii/S2352711021001631/pdfft?md5=12b85ed15beb0a979eb5877518efa865&pid=1-s2.0-S2352711021001631-main.pdf
https://www.sciencedirect.com/science/article/pii/S2352711021001515
https://www.sciencedirect.com/science/article/pii/S2352711021001515/pdfft?md5=e8a6ae45e0564a463e29f924c50b51cd&pid=1-s2.0-S2352711021001515-main.pdf
https://www.sciencedirect.com/science/article/pii/S2352711021001527
https://www.sciencedirect.com/science/article/pii/S2352711021001527/pdfft?md5=b4a41b508ff669d539216117faa0ca47&pid=1-s2.0-S2352711021001527-main.pdf
https://www.sciencedirect.com/science/article/pii/S2352711021001539
https://www.sciencedirect.com/science/article/pii/S2352711021001539/pdfft?md5=fe49e2818d9888ef4aa2e0466d272051&pid=1-s2.0-S2352711021001539-main.pdf
https://www.sciencedirect.com/science/article/pii/S2352711021001564


3/29/23, 5:30 PM SoftwareX | Vol 17, January 2022 | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/softwarex/vol/17/suppl/C 3/14

Roberto Posenato
Article 100905

View PDF Article preview
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StatMechGlass: Python based software for composition–structure prediction in oxide
glasses using statistical mechanics

Mikkel S. Bødker, Collin J. Wilkinson, John C. Mauro, Morten M. Smedskjaer
Article 100913

View PDF Article preview

Software publication Open access

onlineBcp: An R package for online change point detection using a Bayesian approach

Hongyan Xu, Ayten Yiğiter, Jie Chen
Article 100999

View PDF Article preview

Software publication Open access

YADPF: A reusable deterministic dynamic programming implementation in MATLAB

Auralius Manurung, Lisa Kristiana, Nur Uddin
Article 101001

View PDF Article preview

Software publication Open access

Web Generator: An open-source software for synthetic web-based user interface dataset
generation

Andrés Soto, Héctor Mora, Jaime A. Riascos
Article 100985
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3TM: Software for the 3-Tau Model

Rémi Kogon, David Faux
Article 100979

View PDF Article preview

Software publication Open access

Fast shallow water-wave solver for plane inclined beaches

Thomas Bueler-Faudree, Sam Delamere, Denys Dutykh, Alexei Rybkin, Alexander Suleimani
Article 100983

View PDF Article preview

Software publication Open access

Quail: A lightweight open-source discontinuous Galerkin code in Python for teaching and
prototyping

Eric J. Ching, Brett Bornhoft, Ali Lasemi, Matthias Ihme
Article 100982

View PDF Article preview

Software publication Open access

XReport: An online structured reporting platform for radiologists

Ahmed Harmouche, Ferenc Kövér, Sándor Szukits, Tamás Dóczi, ... Arnold Tóth
Article 100993

View PDF Article preview

Software publication Open access

The SiLA 2 Manager for rapid device integration and workflow automation

Lukas Bromig, David Leiter, Alexandru-Virgil Mardale, Nikolas von den Eichen, ... Dirk Weuster-Botz
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View PDF Article preview
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EvalNE: A framework for network embedding evaluation

Alexandru Mara, Jefrey Lijffijt, Tijl De Bie
Article 100997

View PDF Article preview
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MFPP: Matrix-based flexible project planning

Zsolt T. Kosztyán
Article 100973

View PDF Article preview

Software publication Open access

GSITK: A sentiment analysis framework for agile replication and development

Oscar Araque, J. Fernando Sánchez-Rada, Carlos A. Iglesias
Article 100921

View PDF Article preview

Software publication Open access

Spine Toolbox: A flexible open-source workflow management system with scenario and
data management

Juha Kiviluoma, Fabiano Pallonetto, Manuel Marin, Pekka T. Savolainen, ... Joseph Dillon
Article 100967

View PDF Article preview

Software publication Open access

IPv6CC: IPv6 covert channels for testing networks against stegomalware and data
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View PDF Article preview
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PRETUS: A plug-in based platform for real-time ultrasound imaging research

Alberto Gomez, Veronika A. Zimmer, Gavin Wheeler, Nicolas Toussaint, ... Julia Schnabel
Article 100959

View PDF Article preview

Software publication Open access

ACORNS: An easy-to-use code generator for gradients and Hessians

Deshana Desai, Etai Shuchatowitz, Zhongshi Jiang, Teseo Schneider, Daniele Panozzo
Article 100901

View PDF Article preview

Software publication Open access

GraSPI: Extensible software for the graph-based quantification of morphology in organic
electronics

Devyani Jivani, Jaroslaw Zola, Baskar Ganapathysubramanian, Olga Wodo
Article 100969

View PDF Article preview

Software publication Open access

MNEflow: Neural networks for EEG/MEG decoding and interpretation

Ivan Zubarev, Gavriela Vranou, Lauri Parkkonen
Article 100951

View PDF Article preview
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Symbolic DNN-Tuner: A Python and ProbLog-based system for optimizing Deep Neural
Networks hyperparameters
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Michele Fraccaroli, Evelina Lamma, Fabrizio Riguzzi
Article 100957

View PDF Article preview

Software publication Open access

tsflex: Flexible time series processing & feature extraction

Jonas Van Der Donckt, Jeroen Van Der Donckt, Emiel Deprost, Sofie Van Hoecke
Article 100971

View PDF Article preview

Software publication Open access

OpenPLC61850: An IEC 61850 MMS compatible open source PLC for smart grid research

Muhammad M. Roomi, Wen Shei Ong, Daisuke Mashima, Suhail S.M. Hussain
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a b s t r a c t

This paper introduces the YADPF package, a collection of reusable MATLAB functions to solve
deterministic discrete-time optimal control problems using a dynamic programming algorithm. For
finite- and infinite-horizon optimal control problems, two types of dynamic programming algorithms
are implemented: backward dynamic programming and value iteration. Like other implementations,
users must provide the discretized state and input variables, the model dynamic equation, the terminal
cost function, and the stage cost function. To more motivate users to use this MATLAB function
package, we also provide more than ten academic case studies on how the YADPF function package
can solve dynamic optimization problems with detailed step-by-step instructions. The provided guides
and examples are expected to help users, especially, students and researchers initiate instant dynamic
programming experiences with minimal coding expertise.

© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Current code version v1.0.10
Permanent link to code/repository used for this code version https://github.com/ElsevierSoftwareX/SOFTX-D-21-00222
Code Ocean compute capsule –
Legal Code License MIT license
Code versioning system used git
Software code languages, tools, and services used MATLAB
Compilation requirements, operating environments & dependencies –
If available Link to developer documentation/manual https://auralius.github.io/yadpf/
Support email for questions auralius.manurung@ieee.org

1. Motivation and significance

Dynamic programming (DP) was first introduced in [1] to
olve optimal control problems (OCPs) where the solution is a
equence of inputs within a predefined time horizon that max-
mizes or minimizes an objective function. This is known as
ynamic optimization or multistage decision problem. There are
any examples of how DP are used in real applications, such
s in energy management systems [2] and in resource allocation
roblems [3].

∗ Corresponding author.
E-mail address: auralius.manurung@ieee.org (Auralius Manurung).

Since the introduction of DP, there have been many variations
of DP. In a broader sense, DP can be classified into two categories:
exact dynamic programming (EDP) and approximate dynamic
programming (ADP). There are very few EDP implementations
as MATLAB reusable functions, such as in [4,5]. Besides these
two implementation which is only designed for deterministic
OCPs, there is also a more sophisticated toolbox with several DP
algorithms implemented that can be used for both stochastic and
deterministic OCPs [6].

Besides EDP and ADP, other methods which use nonlinear
programming (NLP) techniques can also be used to solve OCPs.
In fact, ADP and NLP are more suitable for a complex system,

as opposed to EDP. On another hand, EDP is more common in
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n academic environment for less complex systems due to the
xactness of the provided solutions and the guarantee for global
ptimality [7].
As previously mentioned, when the systems are complex, ADP

nd NLP are more actually favorable with many implementations
vailable both commercially and non-commercially. The reason
or such a popularity is because ADP and NLP are more computa-
ionally efficient than EDP [8]. EDP visits all possible state values
nd tests them with all possible input values, which makes EDP
very resource-demanding method [7].
Additionally, many researchers often choose to develop their

wn EDP implementation, which is tailored specifically to solve
ne particular dynamic optimization problem. Their implemen-
ations are often equipped with advanced features, such as with
daptive discretization [9]. However, there is no publicly available
mplementations.

Therefore, we decided to add a new item into the database
f reusable exact dynamic programming functions by proposing
nother implementation of DP (backward DP and value iteration).
e named our implementation with the YADPF: Yet Another
ynamic Programming Function. We strictly based our imple-
entation on Bellman’s basic dynamic programming algorithm

or deterministic OCPs. Thus, our work will be in the same group
s in [4,5].
We selected MATLAB since it is prevalent among control engi-

eers and researchers. In our MATLAB implementation, we strive
or fast and efficient performance by exploiting the vectorization
eatures that MATLAB offers. We also include the YADPF package
ith many academic examples which we will discuss in later part
f this paper.

. Software description

Backward DP in YADPF package is used to solve an OCP with
he following formulation.

:

⎧⎪⎪⎪⎨⎪⎪⎪⎩
min
uk

gN (xN) +
∑N−1

0 gk (xk, uk)

subject to x↑M
k+1 = f (x↑M

k , u↑M
k , k)

x0 = A and xN = B
k = 0, 1, . . . ,N − 1

(1)

he results obtained from solving the OCP P above is a control
equence uk defined along a finite time horizon (horizon length
f N + 1, from k = 0 to k = N).
In Eq. (1), we refer x↑M

k as the signal x up-sampled by factor
f M using the zero order hold (ZOH) interpolation. Further,
k+1 = f (xk, uk, k) describes the system’s dynamics whereas the
tage cost and the terminal cost are described by gk and gN ,
espectively. As for xk and uk, these two variables represent the
state variables and the input variables, respectively. The initial
state is given by x0 and the final state is given by xN . The state
variables, the input variables, and the time are bounded and
discretized. The discretized states are called the nodes and the
discretized time are called the stages.

Besides backward DP, the YADPF package is also equipped
with value iteration algorithm to solve an OCP that does not
explicitly have a predefined horizon length and terminal cost.
Such an OCP is formulated in Eq. (2).

Q :

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩

min
uk

lim
N→∞

N−1∑
0

γ gk (xk, uk)

subject to x↑M
k+1 = f (x↑M

k , u↑M
k , k)

x0 = A
k = 0, 1, . . .

(2)

In Eq. (2), γ is the discounting factor which reflects how the
future values are being valued. The smaller γ value contributes
to the faster convergence but less-accurate solutions.

2.1. Software architecture

Backward DP starts from the terminal stage and moves to
the initial stage. The algorithm visits all nodes in each step and
calculates the stage cost. Before calculating the stage cost, the
algorithm first calculates the system’s dynamic one step forward.
This whole process is iterative and can be made faster.

To make the process above faster, in our implementation,
we first calculate the system’s dynamic one step forward for all
existing nodes. We visit all nodes and apply all inputs to the
system’s dynamical model. We then keep the results in a lookup
table for later use during the stage cost calculation. With this
lookup table, we can avoid this repetitive computation of the
system’s dynamics and avoid using a for-loop. As a result, we
now have a matrix operation instead of having a for-loop. Thus,
we can unleash the full potential of MATLAB’s engine for matrix
computations.

However, the process of creating a look-up table can easily
consume all computation power, including memory space caus-
ing the whole system to be unresponsive. This issue is likely to
happen when working with a high-dimension system in a less-
powerful computation system. It is also interesting to notice that
this process might be pretty similar to bootstrapping process
in reinforcement learning. However, in reinforcement learning,
the bootstrapping process involves a more complex estimation
process [10].

Besides backward DP, in YADPF, we also implement value
iteration, which is in principal a variation of DP implementation.
Unlike backward DP, the iteration in value iteration is not stage-
based. The iteration terminates based on the convergence of some
calculated costs. Thus, value iteration is an infinite horizon DP.
More details on value iteration can be found in a popular textbook
by Bertsekas' [11].

With value iteration, we can build a control table (policy
matrix) such that a dynamical system optimally evolves from
any given initial state to a targeted terminal state. Compared to
backward DP, value iteration demands less memory and requires
no predefined horizon length. Therefore, it becomes a better
alternative for infinite horizon optimization problem.

2.2. Software functionalities

The implementation of DP requires a discretized simulation
environment. In this discretized environment, the states, inputs,
and time are all discretized. When using the YADPF package, users
are responsible for the discretization process.

In addition to the discretization process, users must create
three functions that look like the following.

1function x_next = state_update_fn (X , U, dt )
2% Describe the system dynamics here
3end
4
5function J = stage_cost_fn (X , U, k , dt )
6% Describe the stage cost function here
7end
8
9function J = terminal_cost_fn (X)
10% Desired terminal s ta te cost function here
11end

Listing 1: The structure of the state update, stage cost, and
terminal cost functions.
0 < γ ≤ 1

2
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In Listing 1, state_update_fn, stage_cost_fn, and ter-
inal_cost_fn are the state update function, stage cost func-
ion and the terminal cost function, respectively. The parameters:
, U, and dt represent state variables, input variables, and time
nterval for the OCP, respectively. It is important to notice that the
unction state_update_fn can only accept non-autonomous
ynamical system since there is no information on the current
tage available. However, in stage_cost_fn function, there is
arameter k, which is the number of the current stage and can
e used to handle time-weighted objective function.
In the next step, handles to the three previously mentioned

unctions are then registered to a data structure (named as dpf).
e then send this data structure to the DP solver, as shown in

he Listing 2 below.
1Setup : 2 s ta tes and 1 input
2P = −1.2 : 0.001 : 0 .5 ;
3= −0.07 : 0.0001 : 0.07;
4= [−1 0 1] ;
5
6dpf . s ta tes = {P V} ;
7dpf . inputs = {U} ;
8dpf . T_ocp = 1;
9dpf . T_dyn = 1;
10dpf . n_horizon = 100;
11dpf . state_update_fn = @state_update_fn ;
12dpf . stage_cost_fn = @stage_cost_fn ;
13dpf . terminal_cost_fn = @terminal_cost_fn ;
14
15Create and run the solver
16dpf = yadpf_solve ( dpf ) ;
17
18Trace , i n i t i a l s ta tes : [−0.5 0]
19dpf = yadpf_trace ( dpf , [−0.5 0] ) ;
20
21Plot the resu l t s
22yadpf_plot ( dpf , ’− ’ ) ;

Listing 2: In backward DP, a structure is used to hold a
necessary information.

In Listing 2, line 9 to 16, we can see a simple data structure
pf is being used to hold all information on the OCP. Next,
adpf_solve function is called where the DP is implemented.
otice that backward DP solves an OCP for all possible initial state
alues (nodes). Thus, we have to trace the specific solution for
he initial state values that we are interested with. This process
s done with the yadpf_trace function. Finally, we can plot the
esults by using yadpf_plot function.

As for value iteration, we must also discretize the OCP as in
ackward DP. However, unlike in backward DP, value iteration re-
uires only two user-defined functions: the state update function,
nd the stage cost function. The prototypes of these two functions
re identical with those in backward DP (see Listing 1). Horizon
ength is no longer needed. Instead, a new variable is introduced
or setting the maximum number of iterations (see Listing 3, line
0).

1Setup : 2 s ta tes and 1 input
2P = −1.2 : 0.001 : 0 .5 ;
3= −0.07 : 0.0001 : 0.07;
4= [−1 0 1] ;
5
6dpf . s ta tes = {P V} ;
7dpf . inputs = {U} ;
8dpf . T_ocp = 1;
9dpf . T_dyn = 1;
10dpf . max_iter = 10000;
11dpf . state_update_fn = @state_update_fn ;
12dpf . stage_cost_fn = @stage_cost_fn ;
13
14Create and run the solver
15dpf = yadpf_visolve ( dpf , 0 .99) ;
16
17Trace , i n i t i a l s ta tes : [−0.5 0]
18dpf = yadpf_vitrace ( dpf , [−0.5 0] ) ;

20% Plot the resu l t s
21yadpf_plot ( dpf , ’− ’ ) ;

Listing 3: MATLAB code for value iteration in the YADPF is very
similar to backward DP.

Value iteration is executed in line 19 of Listing 2. Here, we
selected γ = 0.9. Like backward DP, value iteration solves an
OCP for all possible initial state values (nodes). Thus, we have
to trace the specific solution for the initial state values that we
are interested in by using the yadpf_vitrace function. Finally,
plotting the results can be done by using the same plotting
function as in backward DP: yadpf_plot.

3. Illustrative examples

In this section, we present two sets of complete working codes
to demonstrate the functionalities of the YADPF package: the
mass–damper’s time-optimal control problem and the Sutton’s
mountain car problem. In both problems, we use the YADPF
package to plan for time-optimal motions to reach the given
targets.

Besides these two problems, the YADPF package includes sev-
eral more academic-oriented examples, such as the stabilization
of an F8 aircraft [12–14], Dubin’s car [15,16], hanging piece-
wise mass–spring system [17], Lotka–Volterra fishery [5,18], a
stirred-tank mixer [19], and finding the shortest path on a terrain.

3.1. The mass–damper’s optimal control problem

Assume that we have a mass (m = 1 [kilogram]) and a damper
(b = 0.1 [Newton×second/meter]) with two state variables
(position xk [meter] and velocity vk [meter/second]), and one
input variable (external force fk [Newton]). The applied force that
can be applies ranges from −4 Newtons to 4 Newtons. Our goal
is to move the mass from x = 0 to x = 0.5 as fast as possible but
with minimal input (energy). When the mass arrives at the target
position, its speed should be as close as possible to zero.

Based on the statements above, we can formulate the OCP as
follows.

min
fk,xN ,vN

α1

N−1∑
k=0

f 2k + α2
(
xf − xN

)2
+ α3

(
vf − vN

)2
subject to :[

xk+1
vk+1

]
=

[
1 ∆t
0 1 −

b
m∆t

][
xk
vk

]
+

[
0

1
m∆t

]
fk

fk = Fk ∈ {−4, −3.9, −3.8, . . . , 3.8, 3.9, 4}
xk = Xk ∈ {0, 0.001, 0.002, . . . , 1}
vk = Vk ∈ {0, 0.001, 0.002, . . . , 1}

xf = 0.5
vf = 0

(3)

In Eq. (3). α1, α2, and α3 are the control gains for the force
input, the position and the velocity, respectively, whose values
are tuned heuristically. Let us set the sampling period for the
OCP to 0.1 s and for the dynamic simulation to 0.01 s. Listing 4
contains MATLAB implementation of the OCP in Eq. (3) by using
the YADPF package.

1% Setup the s ta tes and the inputs
2X = 0 : 0.001 : 1; % Posi t ion
3V = 0 : 0.001 : 1; % Veloci ty
4F = −4 : 0.1 : 4; % Applied force
5
6% Setup the horizon
7Tf = 1;
8T_ocp = 0 .1 ;
9t = 0 : T_ocp : Tf ;
19

3
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Fig. 1. Time-optimal motion of a mass–damper system, computed by backward
DP.

10dpf . s ta tes = {X , V} ;
11dpf . inputs = {F } ;
12dpf . T_ocp = T_ocp ;
13dpf . T_dyn = 0.01;
14dpf . n_horizon = length ( t ) ;
15dpf . state_update_fn = @state_update_fn ;
16dpf . stage_cost_fn = @stage_cost_fn ;
17dpf . terminal_cost_fn = @terminal_cost_fn ;
18
19Run , trace , and plot
20I n i t i a l s ta tes : [0 0]
21dpf = yadpf_solve ( dpf ) ;
22dpf = yadpf_trace ( dpf , [0 0] ) ;
23yadpf_plot ( dpf , ’− ’ ) ;
24
25Optional : draw the reachab i l i ty plot
26yadpf_rplot ( dpf , [0 .5 0] , 0 .1 ) ;
27
28% The state unpdate funtion
29function X = state_update_fn (X , F , dt )
30= 1; % Mass
31b = 0 .1 ; % Damping coe f f i c i en t
32
33{1} = X{1} + dt∗X{2} ;
34{2} = X{2} − b/m∗dt .∗X{2} + dt /m.∗ F {1} ;
35end
36
37% The stage cost function
38function J = stage_cost_fn (X , F , k , dt )
39J = dt∗F {1} . ^2 ;
40end
41
42% The terminal cost function
43function J = terminal_cost_fn (X)
44xf = [0 .5 0] ;
45
46Control gains
47alpha1 = 1000;
48alpha2 = 100;
49
50J = alpha1∗(X{1}−xf (1) ) .^2 + . . .
51alpha2∗(X{2}−xf (2) ) . ^2 ;
52end

Listing 4: Time-optimal motion of a mass–damper system with
backward DP.

We first guess the horizon length in Listing 4, lines 7 to 9 since
t is not known yet. In a typical time-optimal control problem, we
an avoid guessing by using value iteration. Value iteration and
ackward DP on the problem described in Eq. (3) give us very
imilar results, as shown in Fig. 1. While backward DP generates
reachability plot (see Fig. 2), value iteration generates a policy

Fig. 2. Reachability plot by backward DP for the time-optimal motion of the
mass–damper system.

Fig. 3. Policy matrix generated by value iteration for the time-optimal motion
of the mass–damper system.

Importantly, we would like to point out that the present
OCP is not a solid time-optimal control problem. Implementing
a time-optimal control problem in DP is not a straightforward
process. The applied objective function here minimizes the sum
of squared errors along a predefined time horizon. However,
switching actions appear for the input sequence by applying very
high control gains. Bang–bang action typically appears in a time-
optimal control problem. Nevertheless, this argument requires
further validation.

3.2. Sutton’s mountain car problem

The mountain car problem is a widespread problem that was
initially proposed by Moore in [20] and popularized by Sutton and
Barto in their textbook [21]. Since then, it has become a common
toy problem for reinforcement learning algorithm testings with
many variations. The problem that we use in this paper is similar
to the problem found in [21]. Reformulating Sutton’s mountain
car problem as an infinite-horizon OCP with a discount factor of
atrix that can also be presented as a plot (see Fig. 3).

4
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Fig. 4. The optimal solution on Sutton’s mountain car problem, computed by
ackward DP.

gives us Eq. (4).

min
uk

γ
{
α1 (xN − 0.5)2 + α2ẋN

}
subject to:

xk+1 = xk + ẋk+1

˙k+1 = ẋk + 0.001uk − 0.0025 cos (3xk)
xk ∈ Xk = {−1.2, −1.199, . . . , 0.5}

ẋk ∈ Ẋk = {−0.07, −0.0069, . . . , 0.07}
uk ∈ Uk = {−1, 0, 1}

k = 0, 1, . . .

(4)

As can bee seen from Eq. (4), γ is the discount factor which
s set to 0.99. The car has two state variables: the car’s position
xk) and velocity (vk); and one input variable: the car’s engine
hrottle (uk). Two control gains are introduced, α1 and α2, in order
o regulate the car’s position and velocity, respectively. These
ontrol gains are tuned heuristically. Listing 5 contains MATLAB
mplementation of the OCP in Eq. (4) by using the YADPF package.
he results are presented in Figs. 4 and 5.

1Setup the s ta tes and the inputs
2P = −1.2 : 0.001 : 0 .5 ;
3= −0.07 : 0.0001 : 0.07;
4= [−1 0 1] ;
5
6dpf . s ta tes = {P V} ;
7dpf . inputs = {U} ;
8dpf . T_ocp = 1;

9dpf . T_dyn = 1;
10dpf . max_iter = 1500;
11dpf . state_update_fn = @state_update_fn ;
12dpf . stage_cost_fn = @stage_cost_fn ;
13
14% Run and trace
15% From [−0.5 0] to [0 .5 0]
16dpf = yadpf_visolve ( dpf , 0 .99) ;
17dpf = yadpf_vitrace ( dpf , [−0.5 0] , [0 .5 0] ) ;
18yadpf_plot ( dpf , ’− ’ ) ;
19
20% Pol icy plot
21yadpf_pplot ( dpf )
22
23%% The state update function
24function X = state_update_fn (X , U, ~)
25X{2} = X{2} + 0.001∗U{1} − 0.0025∗cos (3∗X{1}) ;
26X{1} = X{1} + X{2} ;
27
28% Hitt ing the l e f t wall
29[ r , c ] = f ind (X{ 1 } ( : , : ) <= −1.2) ;
30X{2} ( r , c ) = 0.001; % I ne l a s t i c wall
31
32% Hitt ing the r ight wall
33[ r , c ] = f ind (X{ 1 } ( : , : ) >= 0 .5) ;
34X{2} ( r , c ) = 0; % Stop!
35end
36
37%% The stage cost function
38function J = stage_cost_fn (X , U, k , ~)
39alpha1 = 1000;
40alpha2 = 1000;
41
42J = alpha1∗(X{1}−0.5) .^2 + alpha2∗X{2} .^2 ;
43end

Listing 5: Sutton’s mountain car with value iteration.

4. Impact

DP provides golden standards in dynamic optimization due to
the exactness of the solution that it provides. The sub-optimality
of the solutions is caused by the limitations introduced during
the discretization process. However, DP requires a large memory
capacity, making it unsuitable for complex systems.

Therefore, our DP implementation is oriented towards the aca-
demic environment: for learning, teaching, and research. We also
add extra capabilities to generate two technical plots: reachability
and policy-matrix plots. These plots can be generated for low
dimension systems with one and two state variables. Moreover,
with value iteration implemented in addition to backward DP, the
YADPF package can address both finite and infinite horizon OCPs.

We are currently using the YADPF package for theoretical
research in optimal controls. We have more flexibility in imple-
menting time-optimal control for nonlinear systems thanks to
separate sampling periods for the OCP and the dynamic sim-
ulation. The selection of OCP’s sampling period may affect the

Fig. 5. Left figure shows the very complicated reachability plot with many unconnected regions generated by backward DP. The right figure shows the policy matrix
generated by value iteration. Very similar optimal state trajectories are observed with the two methods.
5
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witching actions that typically appear in a time-optimal control
roblem.
The YADPF source code had been made public to the MATLAB

ommunity, along with detailed documentation on how to use it.
hus, we are sure that the YADPF package can benefit researchers
n dynamic programming and optimization, especially those with
elatively weak backgrounds in optimal control theory.

. Conclusion

This paper promotes dynamic programming in general and
pecifically the YADPF package for a generic dynamic program-
ing implementation in MATLAB. The introduced YADPF package
nables students and researchers to solve dynamic optimization
roblems with finite and infinite horizons. In this paper, we have
lso shown that it is relatively easy to use the YADPF package.
herefore, it can become an efficient tool for research, learning,
nd teaching in the area of dynamic optimization as well as in
einforcement learning.

In the near future, we plan to use the YADPF package for
eaching advanced elective courses at the university while con-
inuously adding more solved problems in the documentation
s examples. We expect to expose the YADPF package to many
ifferent use scenarios. Further, we already have several devel-
pment ideas for the YADPF package for our long-term plan. The
irst is to implement a selected variation of ADP and the second
s to implement a stochastic DP.
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