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In the contemporary landscape of technological innovation, the ability to translate complex mathematical models 

into executable code is a fundamental requirement for engineers and scientists. Among the various programming 

languages available, C remains a cornerstone due to its efficiency, low-level access to memory, and widespread 

adoption in embedded systems and high-performance computing. However, the traditional pedagogical method of 

teaching C—often focused on the rigid 'edit-compile-link-execute' cycle—can present significant hurdles for those 

whose primary goal is problem-solving rather than software engineering. This is where Harry H. Cheng’s 'C for 

Engineers and Scientists: An Interpretive Approach' provides a transformative paradigm shift.

By leveraging an interpretive environment, specifically the Ch interpreter, engineers can interact with the C

language in a manner similar to high-level scripting languages like Python or MATLAB, while maintaining the

performance potential and industry-standard syntax of C. This comprehensive analysis explores the technical

architecture of the interpretive approach, its application in scientific computing, and why it remains a critical

framework for modern technical education.

The Evolution of Programming in Engineering

For decades, the engineering community relied heavily on Fortran for numerical analysis and Cfor systems

programming. As engineering systems grew more complex, the need for a unified language that could handle both

high-level mathematical modeling and low-level hardware interaction became apparent. The challenge with

standard C in an educational or rapid-prototyping context is the overhead of compilation. A single syntax error can

stall the workflow, and the lack of built-in support for complex numbers or matrices in standard C (prior to C99)

forced engineers to rely on external, often cumbersome, libraries.

Dr. Harry H. Cheng identified these friction points and developed the interpretive approach. This method allows

for the execution of C code line-by-line, providing immediate feedback. This is particularly beneficial for tasks such

as data visualization, signal processing, and control system design, where the engineer needs to see the results of

a mathematical adjustment instantaneously.

The Core Mechanics of the Interpretive Approach

At the heart of this methodology is Ch, an embeddable C/C++ interpreter. Unlike a compiler, which translates the

entire source code into machine code before execution, an interpreter parses and executes the code on the fly. This

architecture introduces several key advantages for technical professionals:

•  Interactive Execution: Users can type C commands directly into a shell and receive immediate results, 

facilitating an experimental approach to coding.

•  Memory Management: The interpretive environment often provides safer memory handling and better error 

reporting than traditional compiled environments, which might simply crash with a 'segmentation fault'.

•  Scripting Capabilities: C code can be written as scripts, allowing for the automation of repetitive engineering 

tasks without the need for binary management.

•  Portability: Interpretive C code is highly portable across different operating systems as long as the interpreter 

is present, bypassing many platform-specific linking issues.



Technical Breakdown: C99 Standards and Computational Extensions

One of the strengths of the 'C for Engineers and Scientists' framework is its adherence to and extension of the ISO 

C99 standard. Before C99, the language lacked several features essential for scientific work. Cheng’s approach

utilizes these standards while adding proprietary extensions in the Ch environment that bridge the gap between C

and mathematical software.

Mathematical and Numerical Enhancements

In standard C, performing matrix multiplication or handling complex numbers requires significant boilerplate code.

The interpretive approach simplifies this through the use of built-in classes or extended data types. For example,

the inclusion of the complex data type allows engineers to perform calculations in the frequency domain (essential

for electrical engineering) as easily as integer arithmetic.



Feature Standard C (C89/C90) Interpretive C (Ch/C99) Engineering Application

Complex Numbers Not natively supported Built-in complex type AC circuit analysis, Signal 
Processing

Variable Length Arrays Required malloc Supported (VLA) Dynamic data sets, Sensor 
readings

Plotting Requires 3rd party libs Built-in plot functions Data visualization, Trend 
analysis

Matrix Math Nested loops required Overloaded operators/
functions

Linear algebra, Structural 
analysis

The 'Ch' Environment Architecture

The Ch interpreteracts as a superset of C. It supports nearly all features of the C language while adding features

from C++. This hybrid nature allows for a gradual transition from procedural programming to object-oriented

programming (OOP). For a scientist, this means they can start by writing simple scripts and evolve their codebase

into a sophisticated object-oriented system as the project requirements grow.

Practical Implementation: A Field Guide for Engineers

Implementing the interpretive approach requires a shift in how one views the development lifecycle. Instead of the

traditional monolithic structure, engineering projects are broken down into interactive modules.

Step 1: Environment Setup and Scripting

The first step involves configuring the Ch environment. Unlike an Integrated Development Environment (IDE) that 

focuses on project files, Ch emphasizes the Command Shell. Engineers can test individual formulas directly in the

shell. For instance, testing a Taylor series expansion can be done in real-time to determine how many terms are

necessary for a desired level of precision.

Step 2: Integrating Numerical Libraries

The interpretive approach provides seamless access to LAPACK and BLAS, the gold standards for linear algebra. 

In a compiled environment, linking these libraries can be a significant technical challenge for non-CS majors. In the 

interpretive approach, these are often pre-integrated, allowing the user to focus on the algorithm rather than the 

linker.

Step 3: Data Visualization

Visualization is the bridge between raw data and engineering insight. Using the interpretive approach, generating a

2D or 3D plot is a one-line command: plot.plot2D(x, y);. This level of abstraction is usually reserved for languages

like MATLAB, but here it is achieved within the syntax of C, ensuring that the code can later be compiled for high-

speed production environments if necessary.

Comparison of Programming Paradigms in Science

To understand the value of Cheng’s interpretive approach, we must compare it against other dominant paradigms

in the scientific community.

Interpretive C vs. MATLAB



While MATLAB is the industry standard for many, it is a proprietary language with high licensing costs and limited

application in embedded systems. Interpretive C offers a similar ease of use but uses a language (C) that is

universally applicable. If an engineer develops a control algorithm in Ch, that code can be moved to a

microcontroller with minimal modification. Moving MATLAB code to an embedded C environment often requires a

complete rewrite or the use of expensive 'coders'.

Interpretive C vs. Python

Python has seen a massive surge in scientific computing due to libraries like NumPy and SciPy. However, Python 

hides the underlying memory management and data types from the user. For engineers working close to the 

hardware (e.g., developing drivers or real-time systems), learning the memory-centric logic of Cis vital. The

interpretive approach to C provides the 'Python-like' experience while teaching the 'C-level' fundamentals.

Case Studies: Troubleshooting and Solving Engineering Challenges

Case Study 1: Real-Time Signal Filtering

An engineer needs to implement a Butterworth filterfor a sensor array. In a compiled environment, debugging the

filter coefficients involves constant re-compilation. Using the interpretive approach, the engineer can load the

sensor data into the Ch shell, apply the filter script, and plot the frequency response immediately. If the cutoff

frequency is incorrect, they simply change the variable and re-run the script in seconds.

Case Study 2: Embedded Systems Prototyping

When developing for an Arduino or an ARM Cortexprocessor, the development cycle is often slowed by the 'flash'

time (uploading code to the hardware). By using an interpretive C environment on a workstation that mimics the

embedded target’s capabilities, engineers can verify the logic of their algorithms before ever touching the hardware,

significantly reducing the risk of 'bricking' a device or dealing with obscure hardware-level bugs.

Common Troubleshooting Scenarios

•  Floating Point Precision: In C, the difference between float and double can lead to significant errors in iterative 

calculations. The interpretive approach allows for easy inspection of variable states at any point in execution, 

making it simpler to identify where precision loss occurs.

•  Pointer Arithmetic: Pointers are the most difficult concept for C beginners. An interpreter can catch out-of-

bounds pointer access and provide a meaningful error message instead of an immediate system crash, allowing 

the student to understand the mechanics of memory addresses safely.

Theoretical Framework: Why 'Interpretive' Matters for Education

The pedagogical theory behind Harry Cheng’s work is rooted in Active Learning. Traditional C programming is 

often 'passive' in the early stages—students write code, wait for it to compile, and then try to figure out why it didn't 

work. The interpretive approach makes programming 'active'. The immediate feedback loop encourages tinkering,

which is a core trait of successful engineers.

Furthermore, this approach addresses the 'Cognitive Load' theory. By removing the need to understand complex 

build systems (Makefiles, Linkers, Compilers) in the first week, students can focus their cognitive resources on 

algorithmic logic and mathematical translation. Once they are proficient in the syntax and logic, the transition to

compiled C is trivial because the underlying language remains the same.

The Future of C in Scientific Computing



As we look toward the future of engineering, the role of C continues to expand into Internet of Things (IoT)  and 

Edge Computing. In these fields, resources are constrained, and efficiency is paramount. The 'Interpretive

Approach' developed by Harry Cheng provides the perfect middle ground: the ease of development required for

rapid innovation and the rigorous technical foundation required for production-grade engineering.

The longevity of 'C for Engineers and Scientists' as a text and a methodology lies in its recognition that the

language is just a tool. By making that tool more accessible through interpretation, Dr. Cheng has empowered a

generation of technical professionals to solve problems more effectively, bridging the gap between abstract

mathematics and tangible, executable solutions.

Ultimately, the interpretive approach to C is not just about learning a language; it is about mastering a

computational mindset. Whether one is analyzing fluid dynamics, designing electrical grids, or programming

autonomous vehicles, the ability to rapidly iterate and verify C code in an interpretive environment is an invaluable

asset in the engineer’s toolkit. Through the integration of standard C, modern C99 features, and powerful

computational extensions, this methodology ensures that C remains the most versatile and powerful language for

the scientific community.
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