Typical Architecture of an Embedded System

Figure 1-2 shows a configuration diagram of a typical embedded system consisting of two main parts:
embedded hardware and embedded software. The embedded hardware

primarily includes the processor, memory, bus, peripheral devices, |/O ports, and various controllers. The
embedded software usually contains the embedded operating system and various applications.
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Figure 1-2. Basic architecture of an embedded system

Input and output are characteristics of any open system, and the embedded system is no exception. In the
embedded system, the hardware and software often collaborate to deal with various input signals from the
outside and output the processing results through some form. The input signal may be an ergonomic device
(such as a keyboard, mouse, or touch screen) or the output of a sensor circuit in another embedded system.
The output may be in the form of sound, light, electricity, or another analog signal, or a record or file for a
database.

Typical Hardware Architecture
The basic computer system components—microprocessor, memory, and input and output modules—are

interconnected by a system bus in order for all the parts to communicate and execute a program (see Figure
1-3).
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Figure 1-3. Computer architecture

In embedded systems, the microprocessor's role and function are usually the same as those of the CPU
in a general-purpose computer: control computer operation, execute instructions, and process data. In many
cases, the microprocessor in an embedded system is also called the CPU. Memory is used to store
instructions and data. I/0O modules are responsible for the data exchange between the processor, memory,
and external devices. External devices include secondary storage devices (such as flash and hard disk),
communications equipment, and terminal equipment. The system bus provides data

and controls signal communication and transmission for the processor, memory, and I/O modules.

There are basically two types of architecture that apply to embedded systems: Von Neumann architecture
and Harvard architecture.

Von Neumann Architecture

Von Neumann architecture (also known as Princeton architecture) was first proposed by John von
Neumann. The most important feature of this architecture is that the

software and data use the same memory: that is, “The program is data, and the data is the program” (as
shown in Figure 1-4).
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Figure 1-4. Von Neumann architecture

In the Von Neumann architecture, an instruction and data share the same bus. In this architecture, the
transmission of information becomes the bottleneck of computer performance and affects the speed of data
processing; so, it is often called the Von Neumann bottleneck. In reality, cache and branch-prediction
technology can effectively solve this issue.

Harvard Architecture

The Harvard architecture was first named after the Harvard Mark | computer. Compared with the Von
Neumann architecture, a Harvard architecture processor has two outstanding features. First, instructions and
data are stored in two separate memory modules; instructions and data do not coexist in the same module.
Second, two independent buses are used as dedicated communication paths between the CPU and memory;
there is no connection between the two buses. The Harvard architecture is shown in Figure 1-5.

Scanned with CamScanner



Instruction register

Controller

S Data channel

Input

Program memory
Instruction 0
Address Instruction 1
) Instruction 2
PE— .
instruct Instruction 3
Data memory
> Data0
“Daa | Dataf
Data 2
Data 3

Figure 1-5. Harvard architecture

Because the Harvard architecture has separate program memory and data memory, it can provide greater
data-memory bandwidth, making it the ideal choice for digital signal processing. Most systems designed for
digital signal processing (DSP) adopt the Harvard architecture. The Von Neumann architecture features
simple hardware design and flexible program and data storage and is usually the one chosen for general-

purpose and most embedded systems.

To efficiently perform memory reads/writes, the processor is not directly connected to the main memory,
but to the cache. Commonly, the only difference between the Harvard architecture and the Von Neumann
architecture is single or dual L1 cache. In the Harvard architecture, the L1 cache is often divided into an
instruction cache (| cache) and a data cache (D cache), but the Von Neumann architecture has a single

cache.
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