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Abstract. BALTAMATICA is an integrated scientific computing software originated from
the scientific computing team at Peking University. Over the past five years, it has un-
dergone substantial development. The initial objective behind its creation was to offer
a domestic alternative in China to the widely-used software MATLAB. Today, BALTA-
MATICA demonstrates competitive capabilities across various domains, including higher
education, scientific research, and some critical application areas. In this paper, we pro-
vide a concise overview of several key aspects of BALTAMATICA that have garnered sig-
nificant interest. Its background, fundamental usage as a scientific computing interface
and as a simulation tool, the development of its software ecosystem, and anticipated
future advancements are included.
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1 Introduction

Triggered by the 2020 U.S. ban on MATLAB usage at institutions like Harbin Institute of
Technology, BALTAMATICA(北太天元) as the domestically developed general-purpose scientific
computing environment emerged from Peking University to address systemic vulnerabilities
in China’s research and industrial infrastructure [21]. Led by the authors of this paper,
BALTAMATICA has evolved from a symbolic replacement into a robust platform with fully
independent intellectual property, aiming to decouple China’s high-performance com-
puting and engineering sectors from foreign dependencies [40]. The development of BAL-
TAMATICA represents a critical response to China’s “bottleneck” challenges in foundational
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Table 1: BALTAMATICA version evolution

Version Release date Key innovations
V1.0 Early 2021 Core interpreter, basic GUI, MATLAB syntax compatibility
V2.0 Aug 2022 Cross-platform support, educational deployment
V3.0 Sep 2023 Full IDE, CLI, sparse matrices, 600+ core functions
V4.0 Nov 2024 Object-oriented syntax, deep learning, industrial simulators

scientific software. Its name derives from Tianyuan Shu (天元术), an ancient Chinese alge-
braic method for solving equations, reflecting its mission to revive indigenous innovation
in computational mathematics.

The project was initialy supported by the China Society of Computational Mathematics
and the National Engineering Laboratory for Big Data Analysis and Applications, Peking Uni-
versity. After a while, the project was partially funded by Chongqing Research Institute of
Big Data, Peking University. The software has undergone three major updates since its
initial release Version 2.0 (2022) [48]. The development milestones and key versions are
listed below:

2020-2021 : Initiated as an emergency project at School of Mathematical Sciences of Peking Unver-
sity, the prototype (V1.0) featured a rudimentary GUI with input/output boxes. Its
first successful matrix calculation in early 2021 marked a foundational achievement,
developed collaboratively across three entities of Peking University: the School of
Mathematical Scieces (theoretical research), the National Engineering Lab for Big
Data (technical incubation), and the Chongqing Big Data Institute (productization).

2022-2023 : The establishment of Beitai Zhenhuan (北太振寰) Technology Co. in June 2022 accel-
erated commercialization. V2.0 (Aug 2022) introduced cross-platform support and
core numerical capabilities, while V3.0 (Sep 2023) revolutionized the user experi-
ence with a MATLAB-compatible IDE, sparse matrix operations, and 20+ visualiza-
tion types (e.g., 2D/3D plotting, surface rendering) [33,48]. This version also added
CLI support for non-interactive tasks and batch processing.

2024-present : V4.0 (Nov 2024) expanded into industrial modeling via BALTAMULINK (北太真
元), a multi-domain dynamic system simulator for aerospace and automotive con-
trol [30,31]. It integrated deep learning toolboxes and object-oriented programming,
while partnerships with entities like the Beĳing Supercomputing Center enhanced
high-performance computing (HPC) compatibility. Government recognition, in-
cluding inclusion in China’s First List of Advanced Applicable Technologies (2025), vali-
dated its technical maturity. †

†V5.0 of BALTAMATICA was released in November, 2025, with extensively improvements. It is not collected
here since the preparation of this paper covers this affair.



R. Li, H.-Y. Liu, T. Lu, M. Zhang / CSIAM Trans. Appl. Math., x (20xx), pp. 1-36 3

BALTAMATICA’s architecture combines an autonomously-developed kernel with exten-
sible toolboxes, prioritizing compatibility and performance. As a fourth-generation pro-
gramming language (4GL), it employs an interpreted high-level syntax analogous to MAT-
LAB/Python. It supports .m script execution, .mat data import, and Simulink model mi-
gration. Unique features include Chinese-language function naming (e.g., “稀疏矩阵” for
sparse matrices) and >75% coverage of MATLAB mathematical functions. The core lever-
ages optimized linear algebra libraries (e.g., LDL decomposition, iterative solvers) and
matrix operations. A collaboration with Fudan University yielded a matrix-function algo-
rithm outperforming MATLAB in speed. High-dimensional array handling and automatic
broadcasting (e.g., [1,3,7] + [2;4] yields a 2×3 matrix) streamline vectorized coding.
The IDE integrates script editing, workspace management, and a context-sensitive help
system with bilingual documentation. Debugging tools include breakpoints, step-through
execution, and syntax highlighting. Plugins extend functionality, e.g., load_plugin("fft")
adds fast Fourier transform functions, while load_plugin("compu_geo") imports com-
putational geometry subroutines.

The basic usage of BALTAMATICA is almost out-of-box for a user of MATLAB. To get
started, one may use commands help or plugin_help("fft") to explore functions. One
may initialize matrices via ones(), rand(), or linspace(), and leverage broadcasting for
implicit dimension expansion. To code with better performance, BALTAMATICA prefers
matrix operations over loops. One may use tic/tok for benchmarking and reshape()
for data transformation. We can handle large datasets via readmatrix() for Excel/CSV
import. Anonymous functions (e.g., fh = @(x) 1/(1+x^2)) are supported to facilitate
flexible callback design. Structs are supported to handle heterogeneous data, while sparse
matrices (sparse()) optimize memory. For HPC, leverage MPI interfaces and GPU accel-
eration via plugins. The BALTAMATICA SDK enables integration with C++/Python work-
flows.

It is understood that the ecosystem of BALTAMATICA is essential for its goal in a long
run [35]. Currently BALTAMATICA has been adopted in the academic and industry com-
munity at a certain level. BALTAMATICA is embedded in 300+ universities, including the
Shanghai Jiao Tong University and the Wuhan University. In these universities, it under-
pins courses and competitions like the National Mathematical Modeling Contest. Industrial
deployments span automotive (ABS control), aerospace (orbital dynamics), and fintech,
with 100+ enterprise users including BeiDou satellite data processors. Rejecting full open-
source policies, BALTAMATICA adopts a hybrid model: core code remains proprietary,
while plugins (e.g., the image processing toolbox by the Hebei Normal University) foster
community innovation. Developer contests and patent transfers (e.g., Beĳing’s 2025 Top
Ten Patent Cases) incentivize participation. Until now, more than 15 joint innovation bases
with the universities all around the country habe been established to exemplify industry-
academia collaborations. Future goals include deepening integration with domestic OS
(e.g., UOS, Kylin) and expanding into various applied area, such as biomedical modeling.

BALTAMATICA epitomizes China’s shift from technological substitution to indigenous
innovation. While early versions addressed urgent “MATLAB exit” scenarios, its evolution
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into a multi-ecosystem platform supported by state policy (e.g., mandatory OS/software
localization in education by 2027) and grassroots developer engagement signals a sus-
tainable future. Challenges persist in matching MATLAB’s 40-year toolchain depth, yet
BALTAMATICA’s trajectory from a “firecracker” (as critics dubbed it) to a validated ”bomb”
(in Tiao Lu’s terms) reflects resilience. Continued investment in HPC integration, cross-
disciplinary toolboxes, and developer community growth will determine its capacity to
transition from national alternative to global contender.

The rest part of this paper is organized as follows. In section 2 and 3, we introduce
the basic usage of BALTAMATICA and the simulation toolbox BALTAMULINK. In section 4, we
introduce the software development kit of BALTAMATICA, which is essential for developers
working with BALTAMATICA. In section 6, we introduce nowadays status of the software
ecosystem of BALTAMATICA. At last, a short conclusion ends this paper.

2 BALTAMATICA Usage

2.1 Introduction

2.1.1 Desktop Basics
When you start BALTAMATICA, the desktop appears in its default layout as Figure 1.

Menu
Toolstrip

Navigation
Bar

Editor

Command
Window

Status 
Bar

Current 
Folder

Workspace

Figure 1: BALTAMATICA Desktop

The BALTAMATICA desktop consists of the following components:

• Menu & Toolstrip - Provide access to all functionality and shortcuts to frequently
used commands of BALTAMATICA.

• Navigation Bar & Current Folder - Navigate through your filesystem and access files.

• Editor - Open, edit, and run your M-scripts.
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• Command Window - Enter commands after the propmt (>>).

• Workspace - Explore the variables that you create or import from files.

• Status Bar - Indicate the states of the software.

To get started, users can issue commands that create variables or call functions at the
command window. For instance, the following statement creates a 2-by-2 matrix A :

1 >> A = [1 2; 3 4]
2 A =
3 1 2
4 3 4

Meanwhile, a variable named A appears in the workspace. a
If no output variables are specified, the result is assigned to the variable ans .

1 >> pi
2 ans =
3 3.1416

If a statement is terminated with a semicolon (;), BALTAMATICA will perform the com-
putation without displaying the output in the command window. This is useful when
programming M-scripts.

2.1.2 Programming and Scripts
Typical BALTAMATICA commands have the following syntax:

1 [out1, out2, ...] = command(arg1, arg2, ...)

where command stands for the command name, argN and outN consist of any number of
input and output arguments, respectively. We remark that BALTAMATICA supports multi-
ple return values of a call. Hence functions may behave differently according to number
of outputs.

Statements can also contain operators or indexing, which are essentially special cases
of function calls.

1 [A B; C D]; % matrix concatenation
2 c = a + b; % plus operator
3 A(1, 2) = 42; % matrix indexing
4 C{2, 3} = zeros(2); % cell indexing
5 s.iter = 100; % field assignment

When executing multiple statements, it is natural to use a script file. BALTAMATICA
supports M-files (compatible with MATLAB), which further fall into two categories: M-
scripts and M-functions.
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Typically, an M-script contains a sequence of statements that runs directly in the cur-
rent workspace. For example:

1 loop = [1 2 3; 2 3 100]; % will be created in the workspace
2 s = 0; % will be created in the workspace
3 for i = loop
4 s = s + i;
5 end

On the other hand, an M-function is defined via the keyword function . The syntax
is demonstrated as follows:

1 function [out1, out2, ...] = funname(arg1, arg2, ...)
2 % function body
3 % ...
4 end % 'end' can be omitted

where argN and outN are input and output parameters, respectively, and funname defines
the function name, which must be consistent with the M-file name (e.g. funname.m). Dis-
tinguished from M-scripts, an M-function works in a separate workspace, in which the
variables have no impact on the parent scope.

In addition, multiple function definitions can appear in the same M-file. The first is the
main function which can be called from anywhere, while the others are local functions,
which are visible within the current file only.

2.1.3 Help and Documentation

To quickly lookup the usage of a function or command, type help <cmd> in the command
window, as shown in Figure 2.

Figure 2: The help command

For comprehensive references of the BALTAMATICA software, click the “帮助文档” but-
ton at the rightmost of the toolstrip. Then the local browser will be launched to show the
documentation in HTML format.
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2.2 Language Fundamentals

2.2.1 Matrices and Arrays
Matrices and arrays are the fundamental data types which BALTAMATICA is designed to
operate on. To create a matrix with a single row, use brackets [] in which the elements
are separated with a comma or a space.

1 A = [1 2 3 4] % A is an 1x4 matrix

To create a matrix with multiple rows, separate the rows with semicolons.

1 B = [1 2 3; 4 5 6; 7 8 9] % B is a 3x3 matrix

When the dimensions are compatible, one can use the brackets [] to perform matrix con-
catenation, such as [A,B] or [A;B] .

To perform matrix indexing and assignment, the parentheses () are used. Suppose 𝐴
is a 4-by-4 matrix, typical usages are listed as follows.

1 A(4,2) % specify row and column indices
2 A(4,2) = 1 % same as above, for assigning
3 A(8) % linear indexing, the 8th element in column major order
4 A(:,1) % the first column, use the colon to select all rows
5 A(2:3,2:3) % the middle 2x2 sub-matrix
6 A(4,5) = 5 % enlarge A to a 4x5 matrix, not recommended

2.2.2 BALTAMATICA Data Types
Numeric Arrays Numeric arrays in BALTAMATICA include integer arrays and floating-
point arrays. See Table 2 for details. By default, BALTAMATICA uses double precision for
arrays.

Table 2: Numeric Array Types

int8,int16,int32,int63 Signed integer with 8, 16, 32, 64 bits
uint8,uint16,uint32,uint64 Unsigned integer with 8, 16, 32, 64 bits

double, complex double Real or complex double-precision matrix
single, complex single Real or complex single-precision matrix

We remark that when performing most operations, integer matrices can only be com-
bined with matrices with the same type or double-precision matrices. Complex integer
matrices are not supported yet.

Character Arrays and Strings Character arrays and strings provide storage for text data
in BALTAMATICA.
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• Charactor arrays are created via single quotes, e.g. c = 'hello world' . Users can
access the characters with indexing.

• Strings are created via double quotes, e.g. c = "hello world" . String arrays can
be created using brackets, e.g. ["a","b"] , just like numerical arrays.

Structures Structures are containers that groups related data using fields. Each field
can contain any type of data. To create a structure, one can use the struct() function.

1 % create s with fields x,y,z
2 s = struct('x', 1, 'y', 2, 'z', true);

Alternatively, the dot-assign syntax allows the user to initialize each field dynamically.

1 s = struct(); % or s = [], or emitted
2 s.x = 1; s.y = 2; s.z = true;

To access or modify structure fields, simply use the dot syntax, e.g. s.x and s.y = 'abc' .

Cell Arrays Cell arrays are containers that can hold data of various types and sizes.
They are useful when data differ in types and sizes but can still be accessed via numeric
indices.

To create a cell array, enclose each element with curly braces:

1 c = {1, zeros(2), "hello world", false};

To access the contents of a cell, use curly-brace indices:

1 c{1} % return 1
2 c{2} = randn(4) % change the value of c{2}

Objects BALTAMATICA provides basic object-oriented programming (OOP) support. The
object types are instantiated from user-defined classes, which are defined in M-files with
the classdef keyword.

Users are able to access the properties and call the methods from an object type. For
method calls, BALTAMATICA offers the function syntax fun(x) and the dot syntax x.fun() .

2.2.3 Operators

BALTAMATICA provides many common operators that can perform simple operations on
variables or arrays. See Table 3, 4, and 5 for summary. Note that some operators are
redefined to better match the math symbols, such as * , ' , ^ , and & .
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Table 3: Arithmetic operators

+ Addition
+A Unary plus
- Substraction
-A Unary minus
.* Element-wise multiplication
* Matrix multiplication
./ Element-wise right division
/ Matrix right division
.\ Element-wise left division
\ Matrix left division
.^ Element-wise power
^ Matrix power
.' Transpose
' Conjugate Transpose

Table 4: Relational operators

== Equal to
~= Not equal to
> Greater than
>= Greater than or equal to
< Less than
<= Less than or equal to

Table 5: Relational operators

& Logical and
| Logical or
&& Short-circuit logical and
|| Short-circuit logical or
~ Logical not

2.2.4 Flow Control

Conditional Statements The if statement enables you to select which block of code to
execute at run time. The syntax is described as follows:

1 if cond1
2 % codes to execute when cond1 is true
3 elseif cond2 % optional block, can repeat many times
4 % codes to execute when cond2 is true
5 else % optional block
6 % codes to execute when no coditions are met
7 end % required

Alternatively, the switch statement can be used to test the equality against a set of cases.

1 switch cond1
2 case expr1 % can repeat many times
3 % codes to execute when cond1 == expr1
4 case expr2
5 % codes to execute when cond1 == expr2
6 otherwise % optional
7 % codes to execute when no conditions are met
8 end % required

We remark that for both if and switch , the codes corresponding to the first true condi-
tion is executed.
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Loop Statements There are two types of loop statements in BALTAMATICA.
The for statements iterate through a given range and generate a loop variable for each

iteration.

1 for i = range % iterate i through range
2 % codes to execute
3 end

The while statements loop while the condition is true.

1 while cond1
2 % codes to execute when cond1 is true
3 end

2.3 Numerical Computation

2.3.1 Elementary Math

BALTAMATICA supports elementary math functions that fall into four categories.

• Arithmetic operations: Addition, subtraction, multiplication, division, and power
can be performed directly via the operators + , - , .* , ./ , .^ , respectively.

• Trigonometry: Sine, cosine, and other related functions can be directly called, e.g.
sin(A) . Note that the input can be either in radians or degrees.

• Exponents and Logarithms: Exponential, logarithm, and root functions are pro-
vided, such as exp , log , and sqrt .

• Special functions: Gamma, Bessel, error, and other functions are supported.

As a special feature, most arithmetic operations supports implicit dimension expan-
sion. Users can combine any two arrays as long as their dimensions are compatible: for
every dimension, the sizes are either the same or one of them is 1.

2.3.2 Linear Algebra

High-performance and robust linear algebra subroutines are provided by BALTAMATICA.
Functionalities include matrix factorizations, linear system solving, eigenvalue/singular
value computation, matrix functions, etc.

Common linear algebra functions are listed in Figure 6. In general, it is recommended
to use A \ B to solve linear systems, since the operator is able to select the best algorithm
automatically.
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Table 6: Linear Algebra functions

* Matrix multiplication. Computes 𝐶=𝐴𝐵.
\ Solve 𝐴𝑥=𝐵 for 𝑥. Can handle underdetermined/overdetermined systems.
lu LU decomposition 𝑃𝐴=𝐿𝑈 .

chol Cholesky decomposition 𝐴=𝐿𝐿′.
ldl LDL’ decomposition 𝑃′𝐴𝑃=𝐿𝐷𝐿′.
qr QR decomposition 𝐴=𝑄𝑅.
eig Eigenvalue decomposition 𝐴=𝑄Λ𝑄′
svd Singular value decomposition 𝐴=𝑈Σ𝑉 ′
expm Matrix exponential exp(𝐴).
logm Matrix logarithm log(𝐴).
sqrtm Matrix square root log(𝐴).

Table 7: Random number generation functions

Function Example Description
rand rand(m,n) Uniform distribution from [0,1)
randn randn(m,n) Standard normal distribution
randi randi([a,b],m,n) Uniform integer distribution from [𝑎,𝑏]

randperm randperm(n,k) Random permutation of integers

2.3.3 Random Number Generation
BALTAMATICA provides various functions for pesudo-random number generation. See Ta-
ble 7 for details.

To generate reproducible results, one can specify the random number seed with the
rng function, which is usually invoked only once at the beginning of the program.

2.3.4 Sparse Matrices
Sparse matrices provides efficient storage for matrices containing very few non-zero en-
tries. Different from dense matrices that stores every element columnwisely, sparse ma-
trices only record the non-zero entries and their indices. BALTAMATICA utilizes the com-
pressed sparse column (CSC) format for internal sparse matrix storage.

To create sparse matrices, one can use sparse function:

1 % convert dense A to sparse
2 S = sparse(A);
3 % sparse matrix of non-zeros with specified size
4 S = sparse(i, j, v, m, n);

In addition, predefined sparse matrices can be created by functions such as sprand , speye ,
and gallery .
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Like dense matrices, sparse matrices also supports concatenation, indexing, and as-
signment. However, the indexing operation is costly and should be prohibited for mas-
sive usages.

BALTAMATICA provides full support for sparse linear algebra:

• Direct Methods. Self-implemented subroutines include sparse LU, Cholesy, and
QR algorithm, based on the supernodal and multifrontal framework. Reording al-
gorithms such as amd and colamd are also provided.

• Iterative Methods. Various iterative linear system solvers are provided: pcg , lsqr ,
minres , gmres , bicgstab . For iterative sparse eigenvalue solvers, see eigs and
svds .

2.4 Data Visualization

BALTAMATICA provides various graphics functions to visualize data in many scenarios. The
current version of BALTAMATICA’s graphics module uses the OpenGL backend for render-
ing.

In this subsection, we briefly introduce the plotting functions in 2-D and 3-D cases.
For detailed usages, we refer the readers to the software documentation.

2.4.1 2-D Plotting

In BALTAMATICA, common 2-D plotting functions are given in Table 8.

Table 8: BALTAMATICA 2-D plotting functions

Function Description Function Description
plot 2-D line plot contour Contour plot of matrix

scatter Scatter plot quiver Quiver or vector plot
pie Pie chart stem Plot discrete sequence data
area Filled 2-D area plot histogram Histogram plot
bar Bar graph bubblechart Bubble chart

The simplest plotting function is plot . The following example shows the steps to plot
the sine function for 𝑥∈[0,2𝜋].

1 x = 0:pi/200:2*pi; y = sin(x); plot(x, y);

The result is shown in Figure 3a. Based on the current figure, the users can use xlabel ,
ylabel , and title to make the figure more illustrative.

1 xlabel('x'); ylabel('sin(x)'); title('Sine-Function');
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(a) The sine function (b) The sine function with la-
bels and title

(c) Advanced usage of plot

Figure 3: Examples of the plot function

See Figure 3b.

In addition to the basic usage, the plot function provides advanced interfaces, which
allow users to modify various properties, such as the line type, line color, markers, etc.
Furthermore, it also supports the creation of multiple lines and legends. See Figure 3c for
example.

1 x = 0:pi/200:2*pi;
2 y = sin(x);
3 z = cos(x);
4 % the third and sixth arguments stand for line properties
5 % (x, y, lineSpec)-tuples can repeat many times
6 plot(x, y, '*', x, z, 'o');
7 legend('sin', 'cos'); % create the legend
8 title('Sin-Cosine Functions');

For the rest 2-D plotting functions, we select area , contour , quiver , and histogram
for demonstration, see Figure 4. The codes that produce the figures are also given below.

1 % Example of area
2 x =[1 3 4 7 9 10 15]';
3 y = [5 3 5 9 7 3 7]';
4 area([x y]); title('area');

1 % Example of contour
2 x = peaks(20);
3

4 contour(x, 16)
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1 % Example of quiver
2 r = -pi:pi/8:pi;
3 [X,Y] = meshgrid(r, r);
4

5 U = sin(Y);
6 V = cos(X);
7

8 quiver(X,Y,U,V);
9 title('quiver');

1 % Example of histogram
2 a = randn(10000,1)-2;
3 h1 = histogram(a,21);
4 b = randn(10000,1);
5 hold on % retain current plot
6 h2 = histogram(b,21);
7 c = randn(10000,1)+2;
8 h3 = histogram(c,21);
9 title('histogram');

(a) area (b) contour (c) quiver (d) histogram

Figure 4: Examples of 2-D plotting functions

2.4.2 3-D Plotting

In BALTAMATICA, common 3-D plotting functions are given in Table 9.

Table 9: BALTAMATICA 3-D plotting functions

Function Description Function Description
plot3 3-D line plot contour3 3-D contour plot

scatter3 3-D scatter plot waterfall Waterfall plot
surf Surface plot surfc Contour plot under surface plot
mesh Mesh surface plot meshc Contour plot under mesh surface plot

The plot3 function works quite similarly to plot , but it requires additional infor-
mation on 𝑧-axis since it handles the 3-D case. The following example visualizes a helix
𝛾 :{(𝑠𝑖𝑛(𝑡), 𝑐𝑜𝑠(𝑡),𝑡) | 𝑡 ∈[0,20𝜋]}. See Figure 5.

The function also provides various synopses for advanced usages such as changing
the line property or plotting multiple lines.

1 plot3(x, y, z, lineSpec) % specify the line type, color, ...
2 plot3(x1, y1, z1, x2, y2, z2, ...) % plot multiple lines
3 plot3(___, name, value) % use name-value pair
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1 t = 0:pi/100:20*pi;
2 x = sin(t);
3 y = cos(t);
4 plot3(x, y, t);
5 xlabel('sin(t)');
6 ylabel('cos(t)');

Figure 5: Visualization of a helix

We next demonstrate the visualization of the peaks function using surf , mesh , contour3 ,
and waterfall .

1 % the peaks function is provided by the compu_geo plugin
2 load_plugin compu_geo
3 x = peaks;
4

5 surf(x);
6 mesh(x);
7 contour3(x, 20); % draw 20 contour levels
8 waterfall(x);

(a) surf (b) mesh (c) contour3 (d) waterfall

Figure 6: Visualizations of the peaks function

As shown in Figure 6, the four functions have different visualization effects. Users
should select functions that fit their scenarios best. The parameters can be further tuned
to improve the results.
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3 BALTAMULINK Usage

BALTAMULINK is a multi-domain object-oriented modeling simulator for time-dependent
systems. Its simulation engine is self-reliant, domestically developed and fully control-
lable, built upon the computing power of BALTAMATICA, which offers inherent advantages
in its underlying mathematical algorithm library.

Figure 7: Desktop of BALTAMULINK.

BALTAMULINK provides a collection of blocks, a graphical editor for interactive model
construction, and a suite of solvers for model simulation, as shown in Fig. 7. Based on
this block-diagram environment, users can create models through the following steps:

• First, drag and drop blocks from the block library of BALTAMULINK in the graphical
editor, and set the suitable parameters in the corresponding configuration panel.
Each block represents a fundamental mathematical operation or equation (see their
description in Section 3.1).

• Second, connect the blocks using signal lines. Once the connections are established,
the resulting block diagram can be compiled by the simulation engine into a corre-
sponding set of mathematical equations(see Fig. 8).

• Third, set the final simulation time and select a suitable solver from a suite of both
(explicit and implicit) variable-step and fixed-step solvers to simulate the system.
The appropriate solver choice for the simulation model depends on the system’s
dynamic characteristics and the balance among stability, computational cost, and
robustness. (See the description detail in Section 3.2.)
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Figure 8: The compilation flowchart of BALTAMULINK.

3.1 Block Library and Modeling Procedure

BALTAMULINK’s block library is docked as a panel within the main window, comprising a
general basic block library and several specialized libraries (e.g., vehicle dynamics tool-
box, aerospace toolbox, power train toolbox). See Fig. 7.

The basic block library includes modules for continuous functions, mathematical and
matrix operations, logic operations, (input sources, output sinks, lookup tables, signal
routing, and more. Specifically, the continuous functions library provides a set of fun-
damental components such as derivative, integrator, and state-space blocks are used for
modeling and simulating continuous dynamic systems. The mathematical operations li-
brary contains over 40 mathematical operations, including abs, sum, gain, product, di-
vide, and sqrt blocks. The input sources library provides more than 20 types of blocks
for supplying inputs to simulations, either by generating signals or by loading signal
data. Examples include the Signal Generator, Sine Wave, Step, Uniform Random Number,
Chirp Signal, Constant, Pulse, and From File blocks (supporting formats such as .mat, .csv,
.txt, and .xls). The output sinks library supports more than 10 kinds of blocks to record
and visualize signal data.

A typical simulation model consists of three types of blocks. (1) Input sources, which
provide various input signals to the simulation system, and contain only output ports. (2)
Output sinks, which are used to observe and record the system’s responses to the input
signals, and contain only input ports. (3) The simulated system blocks, which typically
have both input and output ports. A block can be added to the model by dragging it into
the graphical editor. Users may explore the libraries by expanding the tree structure or
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locating specific blocks by entering keywords or phrases in the search box at the top of
the Library Browser.

Next, we present an example to show the simulation procedure of using BALTAMULINK.
Suppose we solve a differential equation

¤𝑥=−2𝑥(𝑡)+𝑢(𝑡), 𝑡 ∈[0,10],
subject to −0.4≤ 𝑥(𝑡)≤ 0.4,

(3.1)

where 𝑢(𝑡) denotes a square-wave function with an amplitude of 1 and a frequency of 1
rad/s.

To simulate the equation (3.1), we first drag the signalGenerator block from the Input
Sources library into the graphical editor and select the Square Wave form in its parameter
configuration to generate a square wave 𝑢(𝑡). Second, we add the integrator block from
the continuous functions library, as well as the gain block, and the sum block from the
mathematical operations library, and connect all blocks using signal lines. Third, a print
block from the output sinks library is used to observe the system output. Finally, the
simulation stop time is set to 10, and the variable-step solver ode45 is selected in the solver
configuration to perform the simulation. See Fig. 9.

Figure 9: A block diagram representation of equation (3.1).

Currently, BALTAMULINK can already be used in industrial deployments such as auto-
motive and aerospace. Here, we use BALTAMULINK to model the anti-lock braking system
(ABS) [17] in automotive with BangBang control as in Fig. 10. The simulation results at
time 𝑡 = 11.7 by choosing ode15s are shown in Fig. 11. The anti-lock braking system of
an automobile is a tool for improving the vehicle’s braking performance and reducing
braking distance.

3.2 Simulation Solvers

The physical models specified in a directional block diagram language in BALTAMULINK
are mathematically represented as ordinary differential equations (ODEs) or differential
algebraic equations of index 1 (DAEs-1) in the simulation engine (see Fig. 8). Under a
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Figure 10: A block diagram representation of an anti-lock braking system.

Figure 11: The simulation results of the anti-lock braking system.
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unifying framework, it is described in a general form as{
M𝒚′=𝑭(𝑡 ,𝒚), 𝑡 ∈[0,𝑇],
𝒚(0)=𝒚0 ,

(3.2)

where M is the mass matrix, 𝒚 is a column vector function, and 𝑇 is the simulation stop
time. When the inputs of the model are directly affected by the outputs, the block diagram
of the model contains algebraic loops. In this case, the mass matrix M is singular, and
equation (3.2) is a DAE.

In the BALTAMULINK simulation engine, we develop a suite of solvers for solving ODEs
and DAEs-1. Runge-Kutta embedding [1] is an efficient technique for the solution of the
non-stiff initial value problem. Based on the embedded 𝑝(𝑞=𝑝−1) pair Runge-Kutta meth-
ods, we developed a set of variable-step solvers including ode23, ode34, ode45, ode56,
ode67, ode78, and ode89. The embedded 𝑝(𝑞) pair procedure comprises two Runge-Kutta
(RK) formulas of orders 𝑝 and 𝑞 (usually 𝑞=𝑝+1 or 𝑞=𝑝−1) as

RK𝑞 :



RK𝑝 :



𝐾1=𝑭
(
𝑡𝑛 ,𝒚𝑛

)
,

𝐾2=𝑭
(
𝑡𝑛+𝑐2Δ𝑡 ,𝒚𝑛+Δ𝑡𝑎2,1𝐾1

)
,

𝐾3=𝑭
(
𝑡𝑛+𝑐3Δ𝑡 ,𝒚𝑛+Δ𝑡(𝑎3,1𝐾1+𝑎3,2𝐾2)) ,
...

𝐾𝑠=𝑭(𝑡𝑛+𝑐𝑠Δ𝑡 ,𝒚𝑛+Δ𝑡(𝑎𝑠,1𝐾1+𝑎𝑠,2𝐾2+···+𝑎𝑠,𝑠−1𝐾𝑠−1)) ,
𝒚𝑛+1=𝒚𝑛+Δ𝑡 (𝑏1𝐾1+𝑏2𝐾2+𝑏3𝐾3+···+𝑏𝑠𝐾𝑠 ) ,

𝒚̂𝑛+1=𝒚𝑛+Δ𝑡 (𝑏1𝐾1+𝑏2𝐾2+𝑏3𝐾3+···+𝑏𝑠𝐾𝑠 ) ,
which share the same function evaluations. The 𝑝-order RK (RK𝑝) scheme is used to up-
date the solution 𝒚𝑛+1, while the 𝑞-order one is used to establish a reliable time step sizeΔ𝑡
which attempts to keep the local truncation error | 𝒚̂𝑛+1−𝒚𝑛+1| less than a specified toler-
ance setting [2]. In BALTAMULINK, users can configure the options “relative error tolerance”
(defaulting to 1𝑒−3) and “absolute error tolerance” (defaulting to 1𝑒−6) associated with the
error control in the Solver Configuration (cf. Fig. 9).

One set of commonly used solvers is the explicit fixed-step solvers, especially for work-
flows where you plan to generate code from your model and run the code on a real-time
system. In the BALTAMULINK simulation engine, we developed first to ninth-order fixed-
step solvers, see Table 10, based on the explicit fixed-step 𝑘th-order 𝑠-stage Runge-Kutta
(Runge-Kutta (𝑘,𝑠)) methods. The fixed time step Δ𝑡 is usually obtained from the user
setting (at the Solver Configuration). When the user setting is not given, BALTAMULINK
sets the time step to the fundamental sample time of the model if the model has discrete
sample times. Otherwise, it sets the time step to 𝑇/50.

If the model is stiff, the variable-step implicit solvers are preferred. In BALTAMULINK,
we also developed a set of fixed-step and variable-step implicit solvers, including those
based on the backward differentiation formula (e.g., ode1be), the second-order modified
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solver method
ode1 first-order forward Euler scheme
ode2 second-order Heun scheme
ode3 third-order Bogacki-Shampine scheme
ode4 classical fourth-order Runge-Kutta scheme
ode5 fifth-order Dormand-Prince (Runge-Kutta (5,6)) scheme
ode6 sixth-order Dormand-Prince (Runge-Kutta (6,8)) scheme
ode7 seventh-order Runge-Kutta (6,8) scheme
ode8 eighth-order Dormand-Prince (Runge-Kutta (8,13))scheme
ode9 a most robust Runge-Kutta (9,16) scheme

Table 10: Fixed-step solvers ode𝑚, 𝑚=1,2, ...,9 in the BALTAMULINK.

Rosenbrock formula (e.g., ode23s), the implicit Runge-Kutta formula (e.g., ode23tb), and
Gear’s method (e.g., ode15s). For example, if the first-order implicit solver ode1be is used
to integrate Eq. (3.2) from 𝑡𝑛 to 𝑡𝑛+1, the resulting discrete formula becomes{

𝒚𝑛+1=𝒚𝑛+𝒛𝑛+1 ,

M𝒛𝑛+1=Δ𝑡𝑭(𝑡𝑛+1 ,𝒚𝑛+1). (3.3)

In this case, iterative methods are required to solve the above equations (3.3). In BALTA-
MULINK, the simplified Newton method is the default for solving (3.3), yielding the itera-
tive scheme as follows: for 𝑘≥ 0

(
M−Δ𝑡 𝜕𝑭𝜕𝒚

)
Δ(𝑘)=Δ𝑡𝑭(𝑡𝑛+1 ,𝒚

(𝑘)
𝑛+1)−M𝒛(𝑘)𝑛+1 ,

𝒛(𝑘+1)
𝑛+1 =𝒛(𝑘)𝑛+1+Δ(𝑘) ,

𝒚(𝑘+1)
𝑛+1 =𝒚𝑛+𝒛(𝑘+1)

𝑛+1 ,

(3.4)

where the initial iteration value 𝒛(0)𝑛+1 is set as 𝒛𝑛 , and the Jacobian matrix 𝜕𝑭
𝜕𝒚 is computed

numerically.

4 BALTAMATICA SDK

4.1 Background

In software development and utilization, scenarios relying entirely on core functionalities
are rare. Extensibility serves as a hallmark of software advancement, enabling third-party
developers to expand functionalities under reasonable frameworks, enriching the ecosys-
tem. Similar mechanisms exist in MATLAB and Octave.

BALTAMATICA provides low-level data access interfaces, allowing developers to write
executables or dynamic libraries in C/C++ for interaction. The Software Development
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Kit (SDK) enhances development flexibility in development work, and programs written
in low-level languages exhibit higher runtime efficiency.

Primary developer tools support two scenarios: plugin development and BEX-file gen-
eration. Future versions will introduce more generalized application scenarios.

4.2 Official Plugins

BALTAMATICA provides several plugins that are released along with the software. See Table
11 for the detailed descriptions. The plugins can be activated using the load_plugin
function or the Plugin Management Window.

Table 11: BALTAMATICA official plugins

Plugin Description
apriori Provide the Apriori algorithm for mining frequent itemsets and

association rules from databases.
fft Functionalities on fast Fourier-transforms (FFT).

BigDecimal Exact computational support for decimal numbers with fractional
parts over 16 digits.

mesh 2-D and 3-D triangular mesh generation.
beidou Provide positioning and simulation functions based on the BeiDou

(北斗) system.
graphtheory Functionalities on graph and network algorithms.

Python Interfaces for the Python language.
compu_geo Computational geometry functions.

MatrixFunctions Provide matrix functions such as expm and logm .
symbolic Basic functionalities on polynomial symbolic computations.

4.3 Plugin Development with SDK

Developers can use low-level languages like C/C++ to create independent functional
modules and integrate them into BALTAMATICA as plugins.

A plugin primarily provides the following functionalities:

• Adding functional routines or supplementary scripts to the software;

• Registering custom data structures;

• Providing overloads for existing functions or operators.

The basic workflow for utilizing a plugin in BALTAMATICA is as follows:
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1 % Load a plugin named 'name' with optional parameters
2 ierr = load_plugin('name', ...);
3 % Call plugin functions fun1, fun2, ...
4 A = fun1(m, n); B = fun2(A, x);
5 % Create custom object C using plugin's init function,
6 % then use it as an input parameter for fun3
7 C = init(a, b, c); % C is an external object defined by the plugin
8 X = fun3(C);
9

10 % ...
11

12 % Unload the plugin to disable all plugin function calls
13 % All plugin-related custom objects will be automatically cleaned
14 ierr = unload_plugin('name');

4.3.1 Plugin Directory Structure

All plugins must reside in the plugins directory under the BALTAMATICA installation loca-
tion, where each subdirectory contains a complete plugin. In each subdirectory, the core
library file main.[dll,so,dylib] must be present, together with other optional configu-
ration files and scripts.

We remark that if the plugin utilizes third-party dynamic libraries, they should be
packaged in the same directory as the main library. On Linux systems, runtime library
paths must be properly configured.

4.3.2 Plugin Compilation and Linking

Developers should include the bex/bex.h header file (or bex/bex.hpp for C++ users)
in their plugin source files to utilize all functionalities from BALTAMATICA SDK. The in-
clude directory should also be added to the compiler options, which is usually located
at ${install_dir}/include . In addition, the library libbex.[dll|so|dylib] must be
linked during compilation.

We recommend using BALTAMATICA’s built-in bex compiler, which automatically han-
dles compiler and linker options related to BALTAMATICA. The readers can refer Section
4.5 for more details.

4.3.3 Defining Plugin Functions

In general, a plugin can be regarded as a collection of custom functions and data types.
Hence the developers must implement the following interface that exports a full list of
plugin functions:

1 bexfun_info_t *bxPluginFunctions();
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The interface returns a pointer to a bexfun_info_t structure, whose definition is

1 typedef struct {
2 const char * name; // function name
3 bexfun_t * ptr; // function pointer
4 const char * help; // help text
5 } bexfun_info_t;

bexfun_t is a universal prototype of plugin functions, which will be explained later. A
practical definition of the plugin function list can be:

1 static bexfun_info_t flist [] = {
2 {"fun1", fun1, help1},
3 {"fun2", fun2, NULL }, // no help text for fun2
4 {"", NULL, NULL }; // end of list, required
5 }
6 bexfun_info_t *bxPluginFunction(){
7 return flist;
8 }

All plugin functions must be implemented with the following prototype:

1 void (*bexfun_t)(int nlhs, bxArray *plhs[], int nrhs, const bxArray *prhs
[]);

where nlhs/nrhs represent the number of output/input arguments, and plhs/prhs are
arrays containing output/input argument pointers.

When invoking a plugin function from the BALTAMATICA command window, BALTA-
MATICA automatically assigns nlhs , plhs , nrhs , prhs according to the user inputs. The
bxArray* is a general opaque pointer that represents any BALTAMATICA object such as dou-
ble, struct, cell, etc. Developers can use the APIs from the SDK to interact with bxArray*
pointers. For example, bxGetM can be used to obtain the number of rows of the object.
For comprehensive descriptions, we refer the readers to the BALTAMATICA SDK manual.

4.3.4 Registering External C++ Objects in a Plugin
Developers are able to define custom C/C++ data types which can be further registered
as an opaque external object in BALTAMATICA. Since the software has no knowledge of
the details of the registered types, typical scenarios for this feature is to host the external
object for future plugin function calls.

Suppose we intend to register a C++ class derived to BALTAMATICA, it should follow
the definition:

1 class derived : public baltam::extern_obj_base {
2 extern_obj_base *dup() const; // duplicator
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3 ~derived(); // destructor
4 static int ID;
5 };

We provide further descriptions as follows:

1. Each custom class must inherit publicly from baltam::extern_obj_base ;

2. The duplicator dup() should be defined since BALTAMATICA will use the function to
perform assignment;

3. The static member ID should be declared, which will be used by BALTAMATICA in-
ternally. No extra operations for developers.

When the definition is finished, the C++ class should be registered to BALTAMATICA
during plugin initialization:

1 int bxPluginInit(int, const bxArray *[]){
2 bxAddCXXClass<derived>("myplugin");
3 return 0;
4 }

We remark that bxPluginInit is a handle function optionally defined by the developer,
which will be called upon plugin loading. The bxAddCXXClass API indeed registers the
C++ class derived to BALTAMATICA and relates it with the plugin myplugin .

4.3.5 Operator Overloading
It is possible to overload an operator to interact with external objects in BALTAMATICA.
Suppose we want to overload the binary operator + to support the addition between two
Foo external objects, the following code snippet is needed:

1 // prototype of the implementation
2 void my_add(int, bxArray *[], int, const bxArray *[]);
3

4 int bxPluginInit(int, const bxArray *[]){
5 bxAddCXXClass<Foo>(PLUGIN_NAME);
6 // register overloaded operator
7 bxRegisterOperator(PLUGIN_NAME, "+", Foo::ID, my_add);
8 return 0;
9 }

As illustrated above, we insert a bxRegisterOperator API call after registering the Foo
class during plugin initialization. The API actually binds the plus operator with Foo::ID .
Whenever a + b is called and a or b is of type Foo , the implementation my_add will be
invoked.
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4.4 Interfacing C/C++ with BEX-files

The Baltamatica EXecutable files (BEX-files) provide the developers with a simpler way
to interface with C/C++ codes and libraries. Compared with plugins, a BEX-file contains
only one exported function. Therefore, each file can be regarded as a M-function in a
black box. BALTAMATICA is able to load all BEX-files under the search path and the current
working directory automatically.

When composing BEX-file source codes, the SDK header bex.h or bex.hpp should still
be included. However, only a single function entrypoint is required, whose prototype is

1 void bexFunction(int nlhs, bxArray *plhs[], int nrhs, const bxArray *prhs
[]);

Note that bexFunction shares the same prototype with plugin functions.
Suppose the source codes are saved in fun.c , the following command is utilized to

compile the BEX-file:

1 % executed under baltamatica command window
2 bex fun.c

When the compilation succeeds, a BEX-file named fun.bexa64 (Linux) is generated under
the current working directory. Then users are able to call fun just as other BALTAMATICA
functions.

4.5 The bex Compiler

bex is a compiler wrapper provided by BALTAMATICA that aids the Compilation of plugins
and BEX-files. The develops only need to install the C/C++ compilers system-wide and
leave the BALTAMATICA-related configurations to bex . Currently, only GCC series (MinGW
for Windows users) are suppored. Note that compiler tools (e.g. gcc ,g++) must be located
under the system’s PATH variable.

The bex command can be invoked via the BALTAMATICA command window just as
other ordinary functions:

1 % for BEX-files
2 bex fun.c
3 % for plugins
4 bex -plugin main.cpp

Extra options can be passed to bex when necessary. For instance:

1 % extra headers, libraries
2 bex -plugin main.cpp -I/path/to/headers -lmylib
3 % macro definitions
4 bex -plugin main.cpp -DFOO=BAR
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For detailed usage, we refer the readers to bex -h .

4.6 Technical Details

Developers utilize BALTAMATICA’s core header files for extension module development
(plugins and BEX-files), interacting with the kernel through provided APIs (e.g., object
creation, data reading, etc.).

BALTAMATICA

SDK headers

Buitin Fcns

Data Types

Plugins

API calls

Register

Users
Function

calls

Plugin
Manage-

ment

ker
nel

Development Layer Execution Layer

Figure 12: BALTAMATICA Extension Mechanism Architecture

As shown in Figure 12, BALTAMATICA’s extension workflow operates at two levels: De-
velopment Layer and Execution Layer. The Development Layer involves module devel-
opers’ work (without requiring BALTAMATICA runtime), while the Execution Layer covers
actual module usage by end users. This framework effectively separates BALTAMATICA’s
core development from module development, reducing core developer workload while
providing collaborators, community developers, and users with mechanisms to enhance
BALTAMATICA, significantly expanding the software’s flexibility. For more details, we refer
the readers to [27].

5 BALTAMATICA Ecosystem

In an era of rapid technological advancement, scientific computing software serves as a
pivotal tool bridging and driving innovation in scientific research and engineering prac-
tice, with its ecosystem development being crucial for sustained evolution and application
expansion. BALTAMATICA, as China’s first general-purpose scientific computing software
with fully independent intellectual property rights, has achieved a core breakthrough in
chokehold technologies. It stands as the only fourth-generation interpreted programming
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language developed entirely from scratch, enabling full-chain autonomy and controllabil-
ity. To date, it has served over 300 universities and enterprises/institutions nationwide,
collaborating with more than 10 large-scale enterprises and institutions to advance do-
mestic substitution in defense technology, aerospace, shipbuilding, intelligent vehicles,
and other fields. It has established over 30 industry-academia-research bases and one
university-level R&D center, secured 79 core patents and software copyrights, earned the
CSIAM Applied Mathematics Landing Achievement Certification, and been included in
the Ministry of Industry and Information Technology’s ”Advanced and Applicable Tech-
nologies” list and the China Association for Science and Technology’s ”CAST China”
Leading Technology List.

5.1 High education and research

BALTAMATICA centers on higher education and scientific research collaboration as its core
driving force. Through curriculum system construction, textbook development, research
papers, accumulation of patents and software copyrights, and deep integration mecha-
nisms of industry-academia-research, it has established a trinity support system of ”teaching-
research-cooperation”. This system is committed to cultivating practical professionals in
the field of scientific computing. As of now, it has empowered over 100 universities na-
tionwide to carry out curriculum construction and teaching reform practices. Addition-
ally, it has engaged in deep strategic cooperation with multiple renowned institutions in
key areas such as co-construction of curriculum resources and innovative development of
computing toolboxes, forming a full-chain collaborative ecosystem spanning from talent
cultivation to technological innovation.

5.1.1 Curriculum and textbooks development
BALTAMATICA has achieved comprehensive integration into the core curricula of multiple
universities, developing differentiated application models tailored to different types of
institutions. For instance:

• Peking University has incorporated it into essential courses such as ”Numerical Alge-
bra” and ”Numerical Methods: Principles, Algorithms, and Applications,” enabling
students to transform theoretical knowledge into applied skills through software-
based practical exercises;

• Beĳing Institute of Technology has introduced software application modules into its
”Numerical Computation Methods” course, combining case studies to strengthen
students’ practical skills;

• Ningbo Oriental University of Science and Technology and Longnan Normal University
have applied the platform in ”Advanced Mathematics” teaching.

Additionally, universities including Wuhan University, Shanghai Jiao Tong University, Hebei
Normal University, Hebei University and Henan University have integrated BALTAMATICA into
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core mathematics and science courses such as Advanced Mathematics, Linear Algebra,
Image Processing and Numerical Methods. They design customized teaching modules
based on disciplinary needs, e.g., Prof. Guo Wei’s group in Hebei Normal University has
specifically developed an image processing toolbox based on BALTAMATICA, enabling stu-
dents to conduct experimental operations in image processing courses and effectively en-
hancing their practical skills. These practices collectively form a curriculum application
network spanning ”Double First-Class” universities and local institutions, establishing
a multi-tiered collaborative framework for talent cultivation from top-tier universities to
regional colleges.

5.1.2 Textbooks

BALTAMATICA has collaborated with university faculties to develop multiple sets of high-
quality textbooks and corresponding micro-courses, constructing a synergistic teaching
resource system that integrates ”textbooks + software + videos”. Scholars have published
textbooks such as Numerical Computation Methods and BALTAMATICA Scientific Com-
puting Programming and Applications, which incorporate BALTAMATICA’s applications.
By jointly developing micro-courses on numerical methods with university professors, a
standardized, visualized, and systematically organized teaching model has been estab-
lished, thereby enhancing its application ecosystem in higher education scenarios.

In the field of higher education textbook development, BALTAMATICA has established
a multidisciplinary teaching resource system spanning mathematics, engineering, and
artificial intelligence. Its core textbook matrix includes: Advanced Algebra (6th Edition)
edited by Wang Efang and Shi Shengming [7], Linear Algebra and Spatial Analytic Geom-
etry (7th Edition) edited by Huang Tingzhu [52], Linear Algebra (3rd Edition) edited by
Huang Lei and Liu Zhi [54], and Lienar Algebra edited by Chen Li and Tan Yingyi and
Hu Chaolang [44], and Linear Algebra (2nd) edited by Huang Zhengda and Wen Daowei
and Wang Guojun [53], and Linear Algebra edited Han Zhengsan [50], and Numerical Anal-
ysis edited by Li Keji [5]，and Numerical Linear Algebra edited by Gao Weiguo and Wei
Ke and Bai Zhaojun [51], Mathematical Modeling: Based on BALTAMATICA Software edited by
Li Jian [20], and BALTAMATICA Scientific Computing Programming and Applications edited by
Li Ruo and Lu Tiao [26], Advanced Mathematics edited by Deng Chongyang [42], Linear
Algebra edited by Deng Chongyang [41], and Numerical Computation Methods (2nd edition)
edited by Jiang Haiyan and Ji Xia and Ding Lĳuan and Cheng Qiyuan [19].

These textbooks deeply integrate BALTAMATICA software functionalities to achieve or-
ganic connection between ”software as a tool and tool-driven teaching”. Through syner-
gistic design of ”textbooks + software + videos” and development of standardized, visu-
alized numerical method micro-courses, this textbook system has constructed a full-chain
teaching resource support from foundational theory to specialized applications, and from
undergraduate to graduate levels. It effectively strengthens BALTAMATICA’s application
ecosystem in higher education scenarios, providing an autonomous and controllable do-
mestic software platform to cultivate high-quality talents with scientific computing capa-
bilities.
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5.2 Papers and reports

In recent years, significant progress has been made in research on the application of
BALTAMATICA in numerical and scientific computing. In terms of master’s theses, Shao
Yunzhu [43] developed a numerical simulation method for the dynamics of underwater
variable-length cables using BALTAMATICA, validating its applicability in complex engi-
neering scenarios. Sheng Kai [37] focused on the development of a graph theory toolbox,
expanding BALTAMATICA’s algorithmic capabilities by integrating the Boost library and
providing efficient solutions for combinatorial optimization problems.

At the academic research level, Wang Lu and Liang Hui [3] proposed a direct piece-
wise polynomial collocation method for solving the Bagley–Torvik equation, signifi-
cantly improving the numerical accuracy of fractional differential equations. Jiang Xue
and Huang Qiumei [34] introduced BALTAMATICA into numerical computing method in-
struction, demonstrating its role in driving educational reform through case studies. Xiao
Jian and Gong Qu and Wen Luosheng [38] further explored its versatility in numerical so-
lutions of differential equations, offering new tools for scientific computing.

Media coverage has also highlighted its impact. Contemporary Party Member [39]
featured an article titled ”BALTAMATICA Pursues China’s Self-Made Dream,” emphasiz-
ing its role as a domestically developed software in supporting independent innovation
ecosystems. China Science Daily [49] reported breakthroughs by the FAME plugin (de-
veloped by Lin Wenwei and Li Tiexiang’s team) in simulating novel materials, achieving
a 30-minute computational efficiency milestone and showcasing mathematics’ enabling
effect on industrial upgrading. Additionally, Wang Chana [36] noted in the China High-
Tech Industry Herald that the integration of BALTAMATICA with intelligent computing is
accelerating corporate digital transformation.

These studies and practices demonstrate that BALTAMATICA has become a vital bridge
connecting theoretical innovation with engineering applications.

5.3 Patent, Software Copyright, and Industry-Academia Collaboration

5.3.1 Independent R&D: Core Technology Patents Strengthen Innovation Foundation

The BALTAMATICA core R&D team focuses on key technical fields such as numerical com-
puting, parallel optimization, and visualization, achieving a series of breakthrough re-
sults and forming an independent intellectual property technology matrix. Currently,
it has obtained 7 patents and 15 software copyrights, along with multiple authoritative
certifications. In terms of patents, the authorized invention patents include: Command
Parsing Method, Device and Electronic Equipment [23], Expansion Method for Computing Soft-
ware, Device, Non-Volatile Storage Medium and Processor [27], Parsing Method and Device for
Programming Language, Non-Volatile Storage Medium [24], Script Code Encryption Method and
Device [6], and Variable Cross-Thread Operation Method and Device [22]. These patents cover
core aspects such as software kernel parsing and functional expansion, ensuring the stabil-
ityand autonomy of software operation. Design patents include: Data Programming Graph-
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ical User Interface for Display Screen Panel [28], Mode Switching and Modification Graphical
User Interface for Display Screen Panel [29], optimizing user operation experience. In terms
of software copyrights, registered works include: Numerical Calculation Universal Software
V1.0 [10], BALTAMATICA Scientific Computing and System Simulation Software v4.0 [16], BALTA-
MULINK System Simulation Software V1.0 [15], and [8,9,11–15,18,25,32,45–47] , covering core
software functions, specialized plugins, and supporting systems, forming a full-chain in-
tellectual property protection system that lays a solid foundation for software technology
iteration and market expansion.

5.3.2 Industry-Academia Collaboration: Innovative Achievements from University
Teams Emerge

To expand software functions into multidisciplinary areas, BALTAMATICA has opened SDK
and API interfaces and set up an open plugin development mechanism. This has drawn
many university research teams to create professional toolboxes on the platform, forming
a ”core platform + professional modules” collaborative innovation ecosystem.

Specific achievements are as follows: Professor Gao Weiguo’s team from Fudan Univer-
sity developed the MatrixFunctions plugin, which includes 6 matrix functions; Professor
Zhang Qinghai’s team from Zhejiang University completed a curve fitting toolbox with 44
functions; Professor Zou Guangan’s team from Henan University undertook the PDE tool-
box project; Professor Guo Wei’s team from Hebei Normal University has long been devel-
oping multiple toolboxes, including an Image Processing toolbox and a recently launched
wavelet toolbox; Professor Xie Hehu’s team from the Chinese Academy of Sciences devel-
oped the GCGE toolbox for solving large-scale eigenvalue problems using a matrix-free
and vector-free approach; The team composed of Li Tiexiang and Lin Wenwei from South-
east University finished the initial version of the FAME plugin. Additionally, Professor
Ying Wenjun’s team from Shanghai Jiao Tong University , Professor Zhang Ran and Pro-
fessor Jia Jiwei’s team from Jilin University, Professor Zhao Jianping’s team from Xinjiang
University, Professor Guo Chi’s team from Wuhan University joined in the development of
discipline-specific toolboxes.

The involvement of these universities has enriched BALTAMATICA’s functional system
and boosted its in-depth application in math, computer science, biology, and other fields.

5.4 Industry-Academia-Research Bases and School-Enterprise Collaboration

To promote deeper integration of industry, academia, and research, BALTAMATICA has ac-
tively established cooperative relationships with numerous domestic universities, jointly
building industry-academia-research bases and school-enterprise collaborative develop-
ment centers. Currently, it has set up BALTAMATICA Industry-Academia-Research Bases
with 34 universities as follows: Shanxi University, Hebei Normal University, Beĳing Institute
of Technology, Xinjiang University, Henan University, Xiangtan University, Yantai University,
North China Electric Power University (Baoding), South China University of Technology, Shaanxi
University of Science and Technology, Beĳing University of Chemical Technology, Shaanxi Nor-
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mal University, Beĳing University of Technology, Guilin University of Electronic Technology,
Tianjin Normal University, Beĳing Information Science and Technology University, Southwest
Petroleum University, Beĳing Normal University - Hong Kong Baptist University United Inter-
national College, Guangzhou Nanfang College, China University of Geosciences (Wuhan), Hebei
University, Tiangong University, Xidian University, Civil Aviation Flight University of China,
Chongqing University of Posts and Telecommunications, Beĳing University of Posts and Telecom-
munications, Shandong Jianzhu University, Jilin University, Xi’an Jiaotong - Liverpool Univer-
sity, Inner Mongolia University, Jingchu University of Technology, Renmin University of China,
Ankang UniversityShanxi University, and Sichuan Normal University.

These bases actively facilitate the in-depth integration of BALTAMATICA’s resources into
teaching, scientific research, and practical training, fully leveraging the disciplinary strengths
of each partner university. In addition, BALTAMATICA has jointly established a school-
enterprise collaborative development center with Henan University to advance technology
development and optimization. It has also built a ”BALTAMATICA Scientific Computing In-
ternship Base” with Northwestern Polytechnical University to help students translate theo-
retical knowledge into practical skills while supplying professional talent for enterprises.

5.5 Industry Applications and Customized Development

BALTAMATICA centers on 15 core industries, launching 78 industry-specific models and
building a graphical development environment to drive the transformation of domestic
scientific computing tools, while integrating with the National Supercomputing Internet
to enhance computing power. Over 100 enterprises have collaborated with it for localiza-
tion substitution, including Huawei for BALTAMATICA’s adaptation on Kunpeng servers at
Peking University, Chongqing Changan Automobile Co., Ltd. for provincial-level ”Develop-
ment of Domestic Scientific Computing and Simulation Software for New Energy Vehi-
cles” (2022 - 2024, completed) and national-level ”Scientific Computing and Simulation
Software for Intelligent Vehicle R&D Requirements” (2023 - 2026, ongoing), as well as
Qingling Motors for provincial-level ”Research on Key Technologies for the Development
Toolchains of Intelligent Vehicle Control Systems” (2025 - 2027, ongoing).

5.6 Social Impact and Software Community Influence

BALTAMATICA has constructed a closed-loop ecosystem centered on ”education-scientific
research-transformation” around its developer community, tightly integrating popular
science promotion, scientific research collaboration, and technology commercialization.
Through continuous support for mathematical modeling competitions, popular science
activities, and social responsibility projects, the software has not only expanded the so-
cial influence of domestic scientific computing software but also effectively promoted the
widespread application and industry implementation of scientific computing technology,
forming an ecological pattern that balances public welfare value and industrial value.

BALTAMATICA adheres to the operation concept of ”openness, collaboration, and win-
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win” and has built a diversified developer community that successfully connects software
developers, scientific researchers, and college students. The platform actively supports
technical exchanges, experience sharing, and collaborative problem-solving. For exam-
ple, the mathematical modeling textbooks independently written and publicly shared
by community members based on BALTAMATICA have been downloaded over thousands
times and have received widespread acclaim, creating a mutually beneficial and symbiotic
ecosystem. To encourage secondary innovation, the community provides SDK toolkits
covering core interfaces such as numerical calculation, graphical visualization, and data
processing, effectively lowering the threshold for plugin development.

Currently, BALTAMATICA offers a total of 16 toolboxes in three categories: basic, pro-
fessional, and industry. Among them, the image-processing toolbox developed by Prof.
Guo Wei’s team in Hebei Normal University has achieved widespread application.

In terms of adaptation in the information technology innovation sector, BALTAMAT-
ICA has achieved deep compatibility with 11 domestic enterprises, including Kylin, UOS,
Huawei Kunpeng, and Loongson. It supports a fully Chinese interface and mainstream
file formats (such as.m,.mat,.slx,.mdl), enabling rapid code conversion and adaptation
and providing crucial support for the collaborative development of the domestic software
and hardware ecosystem.

Since 2022, BALTAMATICA has established a ”national-regional” dual-track support sys-
tem for mathematical modeling competitions. At the national level, it has sponsored the
China Undergraduate Mathematical Contest in Modeling for four consecutive years, set
up the ”BALTAMATICA Modeling Star” special award, and served as the official competi-
tion platform. It provides special competition licenses that include seven core algorithms
such as kNN, k-means, DBSCAN, and PCA, as well as model evaluation and visualiza-
tion tools, attracting over 5,000 teams from 30 provinces across the country to partici-
pate. At the regional level, it supports events such as the 17th ”Huazhong Cup” Chal-
lenge, the International Mathematical Modeling Challenge (IMMC), and the ”Rongchang
Cup” through online training and workshops. Additionally, the ”BALTAMATICA Scientific
Computing Developer Competition”, another event it backs, stands out by offering a dis-
tinct competition track with problems more closely aligned with real-world enterprise
requirements and providing comprehensive training to participants (for more details, see
https://baltamatica.pku.edu.cn).

BALTAMATICA promotes the popularization of scientific computing technology through
a variety of popular science activities. On the university front, it has offered a summer
course titled ”Artificial Intelligence: Principles, Algorithms, and Applications” at Peking
University. For the general public, its official video channel has released series tutorials
such as ”Quick Start to BALTAMATICA” and ”Scientific Computing Experiments,” which
have accumulated over 500,000 views. It also publishes easy-to-understand technical in-
terpretation articles.

These efforts have been widely recognized: it has been included in the first batch of
the ”Advanced and Applicable Technologies” list by the Ministry of Industry and Infor-
mation Technology, been awarded the 2025 Beĳing Excellent Case of Patent Application,
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passed the 2023 Applied Mathematics Achievement Certification by the China Society
for Industrial and Applied Mathematics (CSIAM), and been selected for the ”Science and
Technology Innovation China” Leading Technology List by the China Association for Sci-
ence and Technology.

For more information or to download and try the software, please visit the official
website: http://www.baltamatica.com.

6 Conclusion and Future

As a representative of China’s independently developed scientific computing software,
BALTAMATICA has achieved a breakthrough from ”0 to 1” and is currently undergoing the
transition from ”usable” to ”easy to use.” Its development represents not only the success
of a technological product but also the enhancement of China’s independent innovation
capabilities in the field of foundational software.

The successful development and application of BALTAMATICA hold multiple signifi-
cances:

1. Security Assurance: It provides fully independent intellectual property software
support for domestic scientific research and engineering technology development,
reducing risks associated with foreign technology restrictions.

2. Industry Promotion: Through independently controllable scientific computing soft-
ware, it drives the development of related industrial chains, including domestic
chips, operating systems, and application software.

3. Talent Cultivation: By applying the software in education and scientific research, it
cultivates talent proficient in using domestic scientific computing software, laying
the foundation for long-term sustainable development.

4. Innovation Demonstration: The development model of BALTAMATICA provides repli-
cable experiences for the independent development of other foundational software,
showcasing a successful path of industry-academia-research collaboration.

In the future, if BALTAMATICA continues to optimize performance, enrich functionali-
ties, and expand its ecosystem, it is not only expected to replace MATLAB domestically but
may also occupy a place in the international scientific computing software field, becoming
a Chinese force in the global foundational software ecosystem.

As the author stated [4]: ”As long as we keep trying and putting in effort, one day we
will gradually accomplish all these things!” This statement is not only a reflection of the
team’s perseverance but also an interpretation of China’s spirit of independent innovation.
The development journey and practice of BALTAMATICA prove that China has the capability
to achieve breakthroughs in the field of foundational software and contribute Chinese
wisdom to global technological development.



R. Li, H.-Y. Liu, T. Lu, M. Zhang / CSIAM Trans. Appl. Math., x (20xx), pp. 1-36 35

Acknowledgments

All four authors contribute equally to the work and Ruo Li is the corresponding author.
The research of this project is partially funded by National Key R&D Program of China
(No. 2023YFA1011500) and National Natural Science Foundation of China (No. 12131001,
12288101, 12301493, and 12401399). The computational resources are partially supported
by High-performance Computing Platform of Peking University. The authors would like
to thank Prof. Lei Zhang’s help during the preparation of this paper.

References

[1] J. DORMAND AND P. PRINCE, A family of embedded runge-kutta formulae, Journal of Computa-
tional and Applied Mathematics, 6 (1980), pp. 19–26.

[2] L. F. SHAMPINE, R. C. ALLEN, AND S. PRUESS, Fundamentals of numerical computing, John Wiley
& Sons, Inc., USA, 1996.

[3] L. WANG AND H. LIANG, Analysis of direct piecewise polynomial collocation methods for the Bagley–
Torvik equation, Bit Numer Math, 64 (2024).

[4] 佚名,李若教授专访：北太天元打破 30年垄断，国产科学计算软件崛起之路,北京大学大数据
分析与应用技术国家工程实验室,要闻速递 (2025).

[5] 刘可伋,数值分析,高等教育出版社,北京, 2025.
[6] 刘浩洋,脚本代码的加密方法及装置. ZL202211695371.7, 2023.
[7] 北京大学数学系前代数小组 (编),王萼芳,石生明, AND王立中 (修订),高等代数,高等教育出版
社,北京,第六版 ed., 2025.

[8] 卢朓 AND杨添好,终端操作软件 v1.0. 2024SR1936874, 2024.
[9] 卢朓,陈海军, AND顾耀华,文件树展示平台 v1.0. 2024SR1936901, 2024.

[10] 卢朓,陈海军,顾耀华, AND杨添好,数值计算通用软件 v1.0. 2024SR1936948, 2024.
[11] ,脚本编辑器程序 [简称：编辑器]v1.0. 2024SR1936982, 2024.
[12] 卢朓,陈海军,顾耀华,杨添好, AND唐鑫,数值计算通用软件 v2.0. 2024SR1936922, 2024.
[13] 向导,北太天元数值计算通用软件 v3.6. 2025SR1050897, 2025.
[14] ,北太真元系统仿真软件 v1.0. 2025SR0621570, 2025.
[15] ,北太真元系统仿真软件 v2.0. 2025SR0621586, 2025.
[16] ,面向智能汽车研发需求的科学计算与模拟仿真软件 v1.0. 2025SR0186184, 2025.
[17] 向导,张敏,廖汉卿, AND王程,基于北太天元/真元的汽车 abs控制系统算法研究,中国仿真学

会.第三十六届中国仿真大会论文集., (2024), pp. 320–325.
[18] 周金钢,北太天元科学计算与系统仿真软件快速傅里叶变换插件 v1.0. 2025SR0621722, 2025.
[19] 姜海燕,季霞,丁丽娟, AND程杞元,数值计算方法,高等教育出版社,北京, 2nd ed., 2024.
[20] 李剑,数学建模-基于北太天元软件,国防工业出版社,北京, 2025.
[21] 李司坤,哈工大等被禁用美国软件MATLAB，华春莹：任何打压都无法阻挡中国科技发展进步

的步伐,环球时报-环球网, (2020).
[22] 李若 AND刘浩洋,变量跨线程操作方法及装置. ZL202211496332.4, 2022.
[23] 李若 AND卢朓,指令解析方法、装置及电子设备. ZL202210051959.2, 2022.
[24] ,编程语言的解析方法及装置、非易失性存储介质. ZL202210063667.0, 2022.
[25] ,函数绘图软件 v1.0. 2024SR1937022, 2024.
[26] ,北太天元科学计算编程与应用,北京大学出版社,北京, 2025.
[27] 李若, 卢朓, AND 刘浩洋, 计算软件的扩展方法、装置、非易失性存储介质及处理器.

ZL202210063639.9, 2022.



36 R. Li, H.-Y. Liu, T. Lu, M. Zhang / CSIAM Trans. Appl. Math., x (20xx), pp. 1-36

[28] 李若,卢朓, AND欧阳晓臻,用于显示屏幕面板的数据编程图形用户界面. ZL202130854577.X,
2021.

[29] ,用于显示屏幕面板的模式切换更改图形用户界面. ZL202130854588.8, 2021.
[30] 李若, 向导, AND 王程, 自主可控的科学计算与模拟仿真软件研究, 中国基础科学, 3 (2025),

pp. 49–58.
[31] 杨仕彦,国产通用型科学计算软件北太天元发布全新版本,新华社,中国网事 (2024).
[32] 杨娅琼,软件注册及验证系统 v1.0. 2024SR1004673, 2024.
[33] 梁浩楠,引领数学科技硬实力，国产自主可控科学计算软件在渝发布,华龙网,今日重庆 (2023).
[34] 江雪 AND 黄秋梅, 北太天元在数值计算方法教学中的应用, 数学的实践与认识, 54 (2024),

pp. 226–231.
[35] 沈春蕾,一位科普博主的成果转化心经,中国科学报,第 4版 (2025).
[36] 王查娜,智能计算助力数字化转型,中国高新技术产业导报, 30 (2024).
[37] 盛开,基于 boost库的北太天元图论工具箱开发,硕士论文,广东工业大学, 2025.
[38] 肖剑,龚劬, AND温罗生,北太天元在微分方程数值解中的应用,中国科技论文在线, (2025).
[39] 蔡雨耘 AND杨士达,北太天元逐梦中国”自”造,当代党员, 15 (2023), pp. 29–30.
[40] 薛岩,国产科学计算软件产业：悄然崛起，未来可期,科技日报,第 6版 (2024).
[41] 邓重阳,线性代数,商务印书馆,北京, 2025.
[42] ,高等数学,科学出版社,北京, 2025.
[43] 邵云翥,水下变长度缆线动力学数值仿真,硕士论文,哈尔滨工业大学, 2023.
[44] 陈丽,谭应谊, AND胡朝浪,线性代数,四川大学出版社,成都, 2024.
[45] 陈海军,北太天元科学计算与系统仿真软件 v4.0. 2024SR1946493, 2024.
[46] ,数值计算通用软件变量展示窗口软件 v1.0. 2024SR1004675, 2024.
[47] ,数值计算通用软件变量工作区软件 v1.0. 2024SR1004674, 2024.
[48] 雍黎,首款国产科学计算软件在渝亮相,科技日报,第 6版 (2022).
[49] 韩扬眉,仿真计算只需 30分钟，数学力量拓展新型材料的自主创新,中国科学报, (2023).
[50] 韩本三,线性代数,高等教育出版社,北京, 2025.
[51] 高卫国,魏轲, AND柏兆俊,数值线性代数,高等教育出版社,北京, 2025.
[52] 黄廷祝,线性代数与解析几何,高等教育出版社,北京, 7 ed., 2025.
[53] 黄正达,温道伟, AND汪国军,线性代数,高等教育出版社,北京, 2 ed., 2024.
[54] 黄磊 AND刘智,线性代数,高等教育出版社,北京, 3 ed., 2024.


