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In this paper, we propose DSP (Distributed algorithm Simulation Platform), a novel process-based distributed algorithm
simulation platform to simulate real distributed systems for the design and verification of distributed algorithms. DSP consists of
computer processes, and each process simulates an individual distributed node. A DSP process is mainly composed of a
communicationmodule, a computationmodule, an internal storage module, and an external interactionmodule. DSP is a flexible,
versatile, and scalable simulation platform. It supports the testing of applications in various fields. Small-scale experiments can be
done with a single personal computer, while large-scale experiments can be carried out through cloud servers. -e greatest
highlight of DSP is that it is plug and play, where nodes can be freely added or deleted during the simulation process. DSP is now
open-sourced on GitHub, https://github.com/Wales-Wyf/Distributed-Algorithm-Simulation-Platform-DSP--2.0.

1. Introduction

With the rise of the Internet of -ings, distributed systems
are playing an increasingly important role in various areas,
such as building systems [1] and communication systems
[2]. Distributed simulations have attracted considerable
attention, and research has proliferated from the 1970s to
now. Distributed simulation can be classified as discrete-
event simulation (DES) [3], real-time simulation [4], agent-
based simulation (ABS) [5], hybrid simulation [6], etc. DES
focuses on using parallel computing techniques to accelerate
the execution of a discrete-event simulation program across
multiple computers [7]. A DES simulator often uses con-
servative and optimistic approaches to manage time for
synchronization.-emost typical work is high-performance
computing (HPC), using methods like GPU-clusters to
substantially speed up the simulation [8]. Instead of con-
sidering time management, a real-time simulation con-
centrates on simulating a real-time progress or a system in
the real world [9]. Among real-time simulators, High-Level
Architecture is a representative standard to assemble dis-
tributed resources for large simulations and support the
interoperation of distributed components. In HLA,

simulation federates, animation federates, and other fed-
erates are connected by Runtime Infrastructure (RTI) to
construct a federation for simulation [10]. Real-time sim-
ulators can also be used to analyze a real system [4]. ABS is
based on the Agent-Based Model (ABM) [11], which de-
scribes the modeling and simulation of multiagent systems.
ABS is composed of a number of agents and can simulate the
individual actions of agents and interactions between agents.
-e most common distributed agent-based simulators are
designed based on MPI (Message Passing Interface) [12]. A
hybrid simulator is often composed of different categories of
simulators mentioned above. As a result, some other re-
searchers focus on how to combine several different types of
simulators. One famous work is the Functional Mockup
Interface (FMI), which delivers a tool-independent standard
for model exchange and cosimulation [13].

Distributed simulation is essential and necessary for
studying distributed systems for the following three reasons.
Firstly, many real systems have not been built during the
research process. Distributed applications need a virtual
environment to be created and tested before its imple-
mentation. Secondly, a simulation platform is often cheap to
establish and has high fault tolerance to avoid “expensive”
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hardware damages. -irdly, the scale expansion of a virtual
environment is much easier than a real one.

In this paper, we mainly concentrate on simulating real
distributed systems as much as possible for the design and
verification of distributed algorithms. -e origin of de-
signing our simulator is to simulate a distributed building
control system [1] before it is established. In this system, a
building is divided into space units and intelligent devices.
Each of them is controlled by a smart node called a
Computing Process Node (CPN), and all these nodes form a
distributed centerless network.-e application development
needs to be node-based and possible accidents in buildings
should be supported in the simulator. According to the ideas
illustrated in [14] and our own thinking, we chose ABS as
our basic architecture for the following reasons:

(1) -e problem has a natural representation as agents
(2) -e interaction among agents is frequent and agents

anticipate other agents’ strategy decisions
(3) -e agents can interact with users during the sim-

ulation process
(4) -e topology of the multiagent network can be time-

varying
(5) -e synchronous and asynchronous communication

can be supported between agents

-e most frequently considered features of distributed
simulation in the current work is versatility, scalability,
accuracy, privacy, efficiency, etc. On the basis of our con-
cerns, flexibility is taken as a practical consideration into
account, which consists of three parts: (i) topology flexibility:
the network topology can be generated arbitrarily and
changed during the simulation process; (ii) algorithm
flexibility: both synchronous and asynchronous complex
algorithms can be supported; and (iii) fault simulation:
scenes with problems such as communication delay, link
failures, and node failures can be simulated.

-e design of most distributed simulators can be
summarized into three main components [5]: (i) simulation
model: the architecture of a simulator to implement the
simulation activities, containing computation, data storage,
data communication, etc.; (ii) platform mechanisms: the
mechanisms for users to simulate scenarios, including in-
stantiating nodes through simulationmodel, establishing the
overall topology, and expanding the simulation scale; and
(iii) application implementation: the methods for users to
implement distributed applications. Some simulators sup-
port only simple algorithms, while others support complex
applications.

We first consider the MPI-based simulators. MPI-SIM is
an early parallel simulator for MPI program simulation [15].
SimGrid is a popular distributed simulator for large-scale
grid computing [5]. It mainly focuses on abstract distributed
computing with its S4U interface, and MPI applications can
be simulated through its SMPI interface. D-MASON is a
distributed framework that can generate multiple objects
based on the MASON library [16]. MPI-based simulators
often use processes as simulation core and interprocess

communication to transfer data. In this case, the network
topology is actually fully connected where any two nodes can
communicate. -ese simulators are versatile for diverse MPI
applications and locally scalable with a high-performance
computer. However, since interprocess communication is
difficult to extend to multiple machines, cloud expansion is
always not supported, and the topology is fixed during the
simulation process.

Besides MPI-based simulators, many distributed simu-
lation platforms are designed for research in specific fields.
Christian et al. designed a distributed traffic simulation
environment of cooperatively interacting vehicles [17].
Perkonigg et al. proposed MAC-Sim, an agent-based sim-
ulation for power grid analysis in the field of energy [18].
Felix delivered a distributed augmented reality simulation
environment for medical training and implementing aug-
mented reality applications [19]. -ese simulators are
designed according to the corresponding domain knowledge
and have different simulationmodels. Most of them have the
problem of not being applied universally.

-ere are also other distributed simulation environ-
ments based on other technologies. Applying cloud com-
puting, Rodrigo et al. delivered CloudSim [20], a framework
that provides a simulation environment supporting cloud
services. Alberto proposed a locally scalable P2P simulator,
PeerSim [21], to run simple algorithms considering peer-to-
peer computing.

A common limitation of current simulators is that the
network topology is unchangeable during the simulation
process. A scenario in which nodes join or leave the network
cannot be simulated. Another problem is that only syn-
chronous distributed algorithms can be implemented, and
complex methods are usually unavailable in large-scale
situations. Furthermore, majority of them cannot simulate
delays or failures that happened in real systems.

Aware of these shortcomings, we present the DSP
(Distributed algorithm Simulation Platform), a novel pro-
cess-based distributed algorithm simulation platform. Each
process simulates an individual distributed node. DSP has a
server-based communication module, a dynamic topology
management mechanism, and a complete design pattern
with inline functions for distributed algorithms to solve the
above problems. -e comparison of the properties we pay
attention to among the above simulation platforms is shown
in Table 1.

1.1.Contributions. DSP differs from the previous distributed
simulators according to its flexibility. DSP is also versatile
and scalable.

(1) Flexibility: in each process, socket server threads are
used for one-on-one communication, and a routing
table is used to manage the neighbor relationship.
Under these circumstances, a plug-and-play network
topology can be implemented. Users can design
custom distributed methods using sync/async
communication functions. Delays and failures can be
simulated on this platform.
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(2) Versatility: each process can be initialized to simulate
nodes in any field by configuring parameters
according to the user’s demand.

(3) Scalability: each process is lightweight, and the node
communication between different servers is conve-
nient. By improving the computer performance or
utilizing cloud servers, the simulation scale can be
extended to a large scale, even for a complex dis-
tributed method.

2. Distributed Algorithm Simulation
Platform (DSP)

In this section, the main structure, working mechanism, and
function library are introduced. DSP is a process-based
platform to simulate real distributed systems for developing
and verifying distributed methods. -e simulation object of
DSP is a real distributed system composed of smart nodes.
Each node is composed of an independent processor, a
storage unit, and one-to-one communication interfaces.
Each node can only communicate with its neighbors.

2.1. Structure of DSP. In this part, the structure of DSP is
illustrated. DSP has a completely distributed framework
comprised of computer processes. Each process has no
global information and can only communicate with its
neighborhoods. Each process can accept instructions from
users and return the results of tasks. Figure 1 shows the
simulation model of DSP.

2.1.1. Simulation Core: Process (Node). Nodes are simulated
by computer processes that are basically composed of four
modules: communication module, computation module,
internal storage module, and external interaction module.
Each node process has seven TCP socket servers, a data
storage space, and a task thread trigger. -rough importing
topology information and configuring parameters, a node is
instantiated with an ID as a unique identifier, an IP as a local
address, a time-varying routing table to conserve commu-
nication information, and a data list to store data.

-is design makes DSP versatile. Since a process is
universal, nodes in DSP can simulate agents in different
areas according to user demand with diverse imported data.
Specifically, with the information of temperature, humidity,

and number of people imported, a smart node to control a
building area can be simulated. Similarly, distributed al-
gorithms and applications in different fields can be
researched and implemented in DSP, such as human
evacuation methods and lighting control methods.

Furthermore, DSP is locally scalable and economical. A
process occupies only a small number of resources in a
computer. Hundreds of nodes can be simulated in a single
cheap server. As a result, many experiments can be finished
with only one computer, such as solving the distributed
generation control problem in the power system. By utilizing
a high-performance server, simulation nodes can grow to
thousands or more.

2.1.2. Communication Module: TCP Socket Servers (Edge).
-e communication module comprises 6 TCP socket servers
as communication channels for each node to transfer data
with its neighbors. Each server is bound with a port. When
two nodes are neighbors, they will both select an unused
server to establish a one-to-one correspondence. During the
communication process, one node will send the data to the
corresponding server of its neighbors. -is connection will
hold unless a node/link failure happens or the network
topology is changed. -is design aims to imitate the
hardware connection in a real system. A routing table is
maintained to manage its neighbors’ information in each
process for dynamic topology management. Each element in
the table conserves the information of one neighbor of the
node. -e routing table will be updated when its local to-
pology is changed. Considering each node cannot hold too
many hardware connections in a natural system, now we
suppose the maximum number of neighbors of a node is 6.
In fact, the number can be changed if we add the number of
communication servers.

-is design supports a general and flexible network
topology in DSP. Users can create an arbitrary topology by
configuring the routing table in the initialization part.
Furthermore, when a node is detected to be deleted in the
network, its neighbors can automatically adjust the routing
table and break the connection of their corresponding
communication servers. Similarly, a newly added node will
only influence the routing tables of its neighbors. -ese
events can even occur during simulations. -ese operations
can be done at a small cost since they are local behaviors. As
a result, a plug-and-play simulation environment is

Table 1: Comparison of distributed simulators.

Versatility Scalability Flexibility
Local Cloud Plug and play Async methods Delay Failure

MPI-SIM [12] ✓ ✓
SimGrid [3] ✓ ✓ ✓
D-MASON [13] ✓ ✓
Traffic sim [14] ✓ ✓
MAC-sim [5] ✓ ✓
MT sim [15] ✓
CloudSim [16] ✓ ✓
PeerSim [17] ✓ ✓
DSP ✓ ✓ ✓ ✓ ✓ ✓ ✓
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implemented. By the way, the socket servers make ran-
domized delays available, which provides an environment
for the operation of distributed asynchronous algorithms.

Moreover, the scale of DSP can be expanded on a large
scale through cloud servers. -e socket server mechanism
makes the node communication between different servers
with different operating systems utterly consistent with that
of one computer. -rough leasing or buying cloud servers,
large-scale experiments to execute complex applications are
available.

2.1.3. Computation Module: .read Trigger. -e computa-
tion module works as a thread trigger. -e user-designed
algorithms will be imported into each node. When a task
execution instruction is received, it will be broadcast to all
network nodes. -en the computation module in each node
will start a new thread to run the corresponding preloaded
algorithm. -e thread will be alive until the algorithm stops.
During the running process, a node will utilize the data
transmitted by its neighbors to compute and send data to
them. -e thread trigger mode makes the multitask become
achievable, which is our future work.

2.1.4. Internal Storage Module. -e internal storage module
is divided into two parts: process storage and database
storage. -e process storage conserves node information,
topology information, temporary operation information,
and neighbors’ data. -e neighbors’ data storage space is
divided into six parts, and the data in each part is updated
based on the messages from the corresponding

communication server. -e database storage stores the
running data generated by the imported algorithms and the
debug information.

2.1.5. External Interaction Module. -e external interaction
module contains a socket server to communicate with the
outside world as a task server. Users can send external task
execution signals to nodes through task servers. After fin-
ishing the calculation, the results will be returned to the user.

2.1.6. Overall Architecture. From the structure described
above, DSP is shown to be flexible: supporting plug-and-play
networks, self-designed applications, and simulation of
delays and failures; versatile: supporting multi-domain
simulations; and scalable: improving the computer perfor-
mance for local scalability and utilizing the cloud servers for
cloud scalability.

In summary, the overall simulation architecture of DSP
is shown in Figure 2, which is divided into three layers:
cloud, server, and nodes. -e three layers show an inclusive
relationship.

Combined with the overall architecture, we consider the
efficiency of DSP by dividing it into three parts: configu-
ration, computation, and communication. DSP has high
configuration efficiency. -e whole configuration process
can be regarded as arranging building blocks. Each block has
the samemodel, but different topology and data information
can be imported through initialization. Users need only a
small amount of work to build a large network because of the
universality of the blocks. -e computation efficiency is
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Figure 1: Simulation model of DSP.
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related to the number of running nodes and the server status.
-e resource allocation and scheduling of the processes are
controlled by the operating system. At the beginning of the
simulation, the OS will assign CPU cores and memory to all
processes. During the simulation process, idle computer
resources will be utilized for computation. Since many
complicated applications are developed and tested in DSP,
the most significant factor affecting the computation effi-
ciency is often the algorithm complexity. -e communi-
cation efficiency may be low due to the choice of socket
server, because socket communication is slower than process
communication and memory communication. However,

this communication mechanism is necessary for one-on-one
communication, the dynamic topology management
mechanism, and cloud scalability. In fact, the synchroni-
zation process in large-scale agent-based networks costs
much more time than the communication time, and the
asynchronous algorithms run fast, which will be shown in
the Experiments section.

2.2. Working of DSP. In this part, we discuss the main
working mechanism of DSP. -e workflow is shown in
Figure 3.
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Cloud
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Figure 2: Overall architecture of DSP.

Scientific Programming 5



2.2.1. Design of Distributed Algorithm. DSP provides a
Python template for users to design distributed algorithms.
Python libraries are available, and several inline functions
are offered, containing communication and debugging
functions. -e communication functions contain synchro-
nous and asynchronous communication functions, so the
design of synchronous and asynchronous algorithms can be
supported. -e debugging function lets users print the
output or save the process variable information into the
database. -e code running on each node is required to be
consistent.

2.2.2. Initialization of DSP. -e initialization consists of two
parts: topology creation and algorithm upload. Firstly, a
topology list of JSON formats will be generated according to
the network topology. -e list contains the topology in-
formation of each node, including ID, IP, ports for com-
munication servers and task servers, neighbors’ information,
and an initialized data list. Secondly, designed algorithms
will be uploaded in advance. With the topology and algo-
rithm information, the operating system will allocate
computer resources to all nodes and start them. -en each
node will find its neighbors through its local topology.

2.2.3. Task Release and Execution. When all nodes start,
when the task server of one node receives a task execution
instruction from a user, the calculation process will be
started. -e basic process is divided into four steps:

Step 1: the chosen node will be selected as the root
node, and a communication spanning tree will
be established.

Step 2: the root node will broadcast the task to all other
nodes through the tree.

Step 3: the task’s corresponding algorithm will be ex-
ecuted at each node. During the process, nodes
will exchange messages with neighbors through
the communication servers, and nodes will
update variables according to local and
neighbors’ data.

Step 4: the results will be returned to the root node
through the communication tree. -e reor-
ganized data will be sent back to users by the
task server at the root node.

2.3. Function Library. In this part, we introduce several
inline functions and system algorithms in DSP.

2.3.1. Synchronous Communication Function. -e syn-
chronous communication function can be used as self.-
transmitData(self, data). Using this function, each node will
send the “data” to all its neighbors and suspend until all the
neighbors’ data are received. -is process ensures that all
nodes stay in sync after calling this function.

2.3.2. Asynchronous Communication Function. -e asyn-
chronous communication function can be used as self.-
send(self, data, delay) or self.sendDataToID(self, id, data,
delay). For one node, the former one allows it to send “data”
to all its neighbors while the latter one provides it a node-to-
node communication with its neighbor named “id”. “Delay”
is the communication delay set by the users, which can be
randomized or deterministic. -e “data” is stored in a FIFO
queue where historical data can be used. -e algorithm
running process will be immediately continued after the
message transmission. As a result, different nodes will run
the algorithm in different iteration rounds according to their

Algorithm Design

Nodes Startup

Task Release

Algorithm Execution

Result Collection
& OutputNodes Running

Communication
Tree Generation

External Task Instruction

Network Topology

Algorithm

Figure 3: Workflow of DSP.
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node status. Under these circumstances, developing asyn-
chronous algorithms becomes available.

2.3.3. Debugging Function. -e debugging function can be
used as self.sendDataToGUI(self, data). DSP has a simple
GUI server for receiving information printed from the
nodes. -e “data” will be transformed into string format and
be displayed on the interface in the form “Node ‘id’: ‘data’”.
Before the algorithm starts, users can set the variables to be
recorded into the database for debugging.

2.3.4. System Algorithms. DSP provides some system al-
gorithms for users to utilize in their self-design methods,
mainly containing a spanning tree algorithm, the summa-
tion algorithm, the algorithm to find maximum or mini-
mum, the shortest path algorithm, etc. -e spanning tree
algorithm can establish a spanning tree with a node specified
as the root node. Each node can obtain its parent node and
child nodes after running the algorithm. -e summation
algorithm and the algorithm to find the maximum or
minimum enable each node to obtain the sum, maximum, or
minimum of the required value. -e shortest path algorithm
makes a node find the shortest path to another node. All the
algorithms mentioned above can be found in the “sam-
ple_code” folder.

3. Experiments

In this section, we show the application of DSP by giving two
experiments. One is the distributed resource allocation
problem, while the other is a 5000-node numerical example
to find the solution of linear equations.

3.1. Distributed Resource Allocation. A distributed resource
allocation problem is a particular distributed optimization
problem where the optimization variables are individual but
coupled with a global constraint. -e mathematical form is
shown as follows:

minΣni�1fi xi( ,

s.t.Σni�1xi � C,

ci ≤ xi ≤ ci, i � 1, · · · , n,

(1)

where n is the number of nodes and C is the resource
constraint. For each node i, fi is the cost function and xi is
the resource allocated to the node i which is bounded by
[ci , ci]. We designed an asynchronous distributed gradient-
based algorithm (ADGD) to solve this problem by using DSP
as the simulation environment [22].

-e distributed generation control problem under the
IEEE-30 bus case is considered as an example [23]. In this
case, the system is composed of 6 generators and 30 buses. xi

(MW) is the power generation produced by generator i, and
fi ($/hr) can be approximated by a quadratic function
fi(xi) � ai2

x2
i + ai1

xi + ai0
. -e parameters are shown in

Table 2, and the network of the IEEE-30 bus case is shown in
Figure 4. -e total power demand C is 291.76MW.

We simulate the above case on DSP in a personal
computer with Intel I7-8750 CPU and 16GB memory. -e
local topology of node 1 (Gen #1) is shown as below as a
JSON form:

“ID” : 1,{

“IP” : “localhost”,

“PORT” : [10000, 10001, 10002, 10003, 10004, 10005, 10006],

“adjID” : [2, 4],

“datalist” : “para” : [0, 2.0, 0.00375], “bound” : [50, 200], “amount” : 291.76 },

(2)

where “ID” is the node ID, “IP” is the local address, “PORT”
is the port list for communication servers and task servers,
“adjID” is the list of its neighbors’ IDs, and “datalist” is a set
of its initialization parameters. Each node possesses its to-
pology information in the same format, and through the
topology list, the network can be constructed by DSP. Our
preloaded ADGD can be tested, and the optimal solution can
be achieved based on the network. -e convergence curves
and results are shown in Figure 5 and Table 3. -e total time
cost to simulate 100 iterations is 3.93s.-e execution process
is fast since ADGD is an asynchronous method and has low
time complexity.

As mentioned before, DSP is flexible and supports a
plug-and-play topology. ADGD is tested in the 3-phase

experiment below. Phase 1 is a normal case. In Phase 2, a
node failure happens, that is, Generator 5 is broken. In Phase
3, Generator 5 is repaired and reconnected to the network.
-e topology changes happen at the (10s, 20s). Nodes in DSP
will detect the neighbor change and the network topology
will be updated. Figure 6 displays the topology changing
process. -en ADGD will rerun the spanning tree algorithm
to construct a new communication tree and continue the
optimization process based on it. -e spanning tree
changing process and the algorithm running process are
separately shown in Figures 7 and 8. -e optimal points in
different phases will be obtained at t1, t2, t3. Consequently,
the ability of algorithms to adapt to changing topology can
be tested in DSP.

Scientific Programming 7



Table 2: Parameters of the generation control problem.

Gen ai0
ai1

ai2
ci ci

#1 0 2.0 0.00375 50 200
#2 0 1.75 0.0175 20 80
#3 0 1.0 0.0625 15 50
#4 0 3.25 0.00834 10 35
#5 0 3.0 0.025 10 30
#6 0 3.0 0.025 12 40

Gen #1 Gen #2
e1 e3

e2
e6 e4

e7

e9 e8

e5

Gen #3

Gen #4 Gen #5 Gen #6

Figure 4: Network of the IEEE-30 bus case.
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Figure 5: Convergence curve of ADGD under IEEE-30 bus case.

Table 3: Convergence results of ADGD under IEEE-30 bus case.

Gen #1 Gen #2 Gen #3 Gen #4 Gen #5 Gen #6 Pd −  Pi Cost Time

191.166 48.107 19.470 11.017 10.000 12.000 0.000 796.140 3.93
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3.2. Large-Scale Experiment. We consider the problem of
solving large-scale linear equations in DSP.-e problem can
be formulated as follows:

Ax � b,

A � Aij 
n×n

,

b � b1, L, bn( 
T
,

(3)

where A is the coefficient matrix and b is the target vector. In
this experiment, the total number of nodes is 5000. We
denote Ni as the neighbor list of node i and assume that the
matrix parameters of node i are only related to itself and its
neighbors, Aij � 0(j ∉ Ni and j≠ i). In this experiment, we
set Aii � 8, Aij � 1(j ∈ Ni) and bi � |Ni| + 8 for each node i.

-e answer is easily obtained as x � 1. -e topology is a
50 × 10 × 10 cube, which is shown in Figure 9.

We simulated this experiment on the DSP on two high-
performance servers. One is with two AMD EPYC 7702
CPUs (128 cores, 256 threads) and 1 TB memory, while the
other one is with two AMD EPYC 7402 CPUs and 512GB
memory. We use the former server to run 3500 nodes and
the latter server to run 1500 nodes. Each node refers to a
Python process, and an independent core runs many nodes.
Figure 10 partially shows some basic information of the node
operation on the former server when these nodes are just
started.

-e topology information is basically identical to the
above example, except that the “datalist” contains Aij(j �

1, · · · , n) and bi. In the simulation environment, we apply a

50

10

10

Figure 9: 50 × 10 × 10 cube topology.

Figure 10: Node operation of DSP.
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simple distributed implementation of the traditional Jacobi
method introduced in [24] to solve these linear equations
(since Aij � 0(j ∉ Ni and j≠ i)). -e updated formula is
shown as follows:

x
(k)
i �

1
Aii

Σj∈Ni
−Aijx

(k−1)
j  + bi (i � 1, 2, · · · , n). (4)

-e initial value of each xi is set to be a random value
in [0, 10]. We select the box diagram to describe the
convergence condition of the whole network in
Figure 11(a). -e distance between the process solution
and the optimal solution is plotted in Figure 11(b). -e
total time cost is 138.35 s for 50 iterations. It is relatively
slow since this Jacobi method is synchronous, and nodes
expend unnecessary time on waiting for the network
synchronization. -is also proves the importance of
asynchronous algorithms.

-is experiment shows that DSP can work well under the
scale of 5000 nodes. -rough renting or buying more high-
performance servers, more significant experiments can be
implemented. -e results indicate that the adaptability and
robustness of the distributed algorithms can be effectively
examined on the DSP.

4. Conclusions

In this paper, DSP, a process-based distributed algorithm
simulation platform, is proposed to simulate real distributed
systems. DSP is an agent-based distributed simulator that is
flexible, versatile, and scalable. -e main innovation of DSP
is that it can support plug-and-play networks and the design
of complex algorithms. Now the main structure and basic
modules have been completed. -e experiments show that
DSP is suitable for developing distributed methods and
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Figure 11: Convergence condition of the Jacobi method. (a) Convergence of the whole network; (b) distance from the optimal solution.
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testing them in diverse scenes. DSP can be applied in various
research areas for designing and verifying distributed ap-
plications. In fact, many students in our laboratory and
cooperative colleges are using it. -ere are also many al-
gorithms proposed for building systems and HVAC systems
produced based on DSP. We are currently focusing on
developing the multitasking management mechanism for
simulating a more complex scenario where multiple
methods interact. A more user-friendly GUI is also being
continuously improved. In the future, we will mainly con-
sider improving the efficiency of DSP, including how to
accelerate computation by utilizing computing resources on
the cloud and how to speed up communication by using
efficient communication mechanisms. Another work we are
trying is to apply DSP in hardware like Raspberry Pi for
carrying out semiphysical simulation. Encapsulation and
privacy issues will also be discussed [25].

Data Availability

-e DSP software is available at https://github.com/Wales-
Wyf/Distributed-Algorithm-Simulation-Platform-DSP--2.
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