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Introduction

The purpose of this thesis is to develop a program environment intended to leverage the
process of automation of embedded PicoBlaze processor core systems design.

Relevance of the topic. In essence, the concept of versatility indicates the possibility of an
object to perform several different functions [1]. It allows to improve consumer properties,
reduce weight, occupied volume, number of constituent elements, relationships, increase
reliability and safety. A dominant role in terms of versatility in digital electronic circuits plays
the advanced reprogrammable circuits type FPGA. They are successfully used for a practical
realization of wvarious complex digital devices and systems based on ‘“embedded”
microprocessor cores, with the possibility of re-configuration, which identifies them as basic
building blocks of all current and future high-tech information control systems and devices.
The design process of embedded systems based on programming microprocessor cores
requires detailed knowledge of the structure and characteristics of the FPGA devices and
environments to work with. Due to the difference between the speeds of FPGA and the
evolution of development environments, there is a requirement of methods with increased
abstraction. They improve the performance of FPGA development tools, accelerate the
process of engineering design of multifunctional electronic circuits using embedded
microprocessor cores and minimize the impact of individual designer abilities, over the design
process, and offer an additional automation of opportunities.

Overview of the main results in the field

A common feature of modern methodology for the design and synthesis of electronic circuits
with increased versatility represents the use of HDL-based tools. This methodology offers the
possibility of pre-developed use of hardware, software and built-in processors components
(IP), improves the quality, reduces the design process duration, which make it electable for a
lot of electronic circuit designers.

The main trends in the development of software design tools are associated with the active
implementation of high level programming languages used to create compilers or to the task
description. A problem of the embedded systems design becomes their verification, occupying
80% of the time for project planning. This value can be minimized using high-level
abstraction tools and unified HW and SW components, which provide an integration with the
software operating at low level design cycle of SoC [119]. These requirements can be found in
development systems of the companies offering FPGA devices (Mico System Builder of
Lattice [34], Quartus 1l [33] of Altera and ISE, WebPack and Embedded Development Kit of
Xilinx). Thesis environment allows integration with tools offered by Mentor Graphics,
Simplicity Math Works, System Generator, Accel and others. They are team use oriented, and
speed up the project movement from idea to realization. Xilinx solves the problems of the of
new tools for design and development established in cooperation with the Electronic System
Level (ESL) initiative interested in innovations EDA manufacturers. Its main aim is to
develop system level software tools, making the projecting methodology more "close" to the
designer. It is oriented towards projects requiring significant hardware resources, which calls
into question its effectiveness in the implementation of projects with small embedded
processors. On this basis, the implementation of the programming environment for computer
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aided design of small embedded systems in a higher level of abstraction form has its own
place. This allows to achieve the automation of the process of engineering and to accelerate
the realization of development using microprocessor cores of this class.

Tasks of the dissertation

To achieve the objective of thesis, the following tasks are formulated:

1. To analyze and motivate the necessity of the use of embedded processors as an alternative
to conventional and specialized microprocessors and their application as the basic building
blocks of high-tech, information control systems and devices.

2. To develop a programming environment for automation of the design of systems with
embedded processors.

3. To design technology to use in the developed environment.

4. To develop an algorithm to assess the effectiveness of the programming environment for
automation of engineering in the design of systems with embedded processors.

Survey Methodology

In essence, the process of FPGA based embedded systems design becomes a complex task,
bringing together the traditional hardware and software components of the system into a set of
architectural abstractions describing the infrastructure of the developed system. This approach
allows the use of ready hardware software platforms, unifies the creation of HW and SW
components and canalizes the design of embedded systems in the following areas:

* Development of the technologies for HW / SW co-design;

* Reuse of components;

* Check and verification;

 Creation of tools for modeling of non-functional properties (reliability, power consumption,
dimensions, etc..).

These trends show the necessity of independent according to the elements basis high-level
descriptions, that adequately represent the functionality of the system being designed. As a
basis for the environment for computer aided PicoBlaze based systems design, the developed
in IPPI-RAS theory for small object areas (SOA) [67.68] is used.

According to this theory, the solution to any problem can be presented in an abstract space
formed by SOA [67] .This presentation leverage the use of technologies for HW / SW co-
design, allows the plausibility checks and verification, and reuse of previously established and
verified code. So existing designs can be extended or modified without re-modeling, and all
unnoticeable in the initial stages of design uncertainties, whose consequences are detected
only in the later stages of the process can be also eliminated. Thus, the number of cycles
occurring in the process of design, which in practice define its time duration are considerable
minimized.

Structure of the thesis

Chapter 1 considers the essence of the methods for multifunctional electronic circuits design,
when the elements with increased versatility like FPGA or ASIC are used.

The main indicators of the biggest FPGA device companies Xilinx and Altera are compared. It
is shown that the FPGA devices of Xilinx stand out as the basis for the latest generation of
multifunctional electronic circuits and embedded processors and systems realization. The
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high-performance 8-bit RISC processor PicoBlaze, which in the most efficient way of using
the internal structure of FPGA devices is also considered.

The development tools for drawing, modeling and verification of electronic circuits with
increased versatility are also mentioned. The milestones of modern methodology for the
design and synthesis of electronic circuits with increased versatility and basic trends in funds
for development of tools using high level programming languages are shown.

Chapter 2 presents the theoretical base and practical aspects of the development of a
programming environment for synthesis of PicoBlaze based devices. The classic algorithm for
development of embedded processors is presented. The importance and role of pretreatment
requirements and characteristics of the implemented project are clarified. It necessity of design
using the independent towards the basic elements high level abstractions is shown. The
structure and operating manual of the developed programming environment are also
presented.

Chapter 3 presents the use of the developed environment to generate some common MPO
modules and the embedded microprocessor program. A test performance of the developed
environment is made. A specialized hardware description developed for the purpose of
checking and adjusting the hardware and software of embedded PicoBlaze based systems
designed with the developed environment is given. The realization of the embedded systems
for lighting effects in homes of the future and a generator of random numbers generated based
on CPU PicoBlaze are given. A comparison and evaluation of the developed modules MPO is
done.

Chapter 1. Analysis of the design process of multifunctional electronic circuits

The drafting of the narration, required for the creating of initial description and algorithm of
functioning of yet nonexisting objects through their transformation, optimization, removing
flaws and consistent performance within a language is called design. The product of the
process design is the result of the implementation of complex research, suspense, design and
descriptive works in which this object can be made.

The traditional method of design is based on drawings and occurs at the stage of machine
production. It is characterized that at any moment it considers only a concept of the object.
This gives good results in terms of products and parts.

The current design methods allow to see many concepts of the subject. This is achieved by
expanding the space of solutions, which conducts the search for new structures. They are
formal schemes that allow the separation of the task of designing parts and indicate their
mutual relations. The amount of information needed for decision-making at every level of the
design process is ensured on the basis of modern information technologies, leading to
automation of the design process.

The design process is called automatic when it is done by a human in interaction with the
computer. The degree of automation is evaluated based on the proportion of project work by
computer without human intervention.

The main purpose of the automated design of complex multifunctional electronic systems is to
pass from the automation of various information processes existed in the object to their overall
automation. Thus, the essence of the process of design is reduced to a level with a single form
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for data representation of the models, allowing expansion of the variants of design solutions,
reducing the number of errors in the design and shortening the timescale for implementation.

1.1. Multifunctionality as a category

The concept of multifunctionality becomes an attribute that indicates the ability of an object to
perform several different functions [1]. It expands the properties of the object and the circle of
solved with its help tasks necessitating its consideration in the analysis and design of
electronic circuits.

The ways to reach this in multifunctionality are many. Among them, for the analysis and
design of electronic circuits most often the approach "from interconnections, interactions,
conditions, properties and resources, to functions" is used [1]. This approach allows the search
for new, optimal user functions. Contributes to increasing the level of integration of the
systems and their components and helps to turn the versatility sought for in any system
attribute.

1.2. Element base for electronic circuits with increased versatility

A major factor for the creation of multifunctional electronic circuits becomes the structural
surplus of the building blocks used, since it allows to achieve new parameters and properties.
A good example for a such structural surplus in the field of digital electronics is the FPGA
devices. They have built specialized hardware units, high performance, negligible power
consumption, and meet the requirements of the standards and norms for control and reliability
of microelectronic devices used in military and aerospace systems. This determines the FPGA
devices as optimal element base for the development of complex, fail-safe systems in critical
application areas [95].

An essential element in the structure of modern FPGA device is a two-dimensional array of
the CLB blocks. DSP blocks, static memory, and programmable input output blocks are also
built within this array.

According to the survey of UBM for 2013, FPGA devices of the companies Xilinx and Altera
have a great amount of applications. The basic structural parameters of this devices are
presented in Table 1.3.

Tabl 1.3. Basic structural parameters of FPGA devices of Xilinx and Altera.

Parameters
Logic
Device Cells Slices DSP Slices Block RAM (Kb) CMT | Transceivers
Spartan-6 147443 | 11519 180 4824 6 8
Artix-7 35232 55050 700 12060 10 4
Kintex-7 406720 | 63550 1540 28620 1 16
Virtex-7 910080 | 113760 3960 64800 18 79
ArriaV 760960 | 190249 2312 24140 16 36
Cyclone VE 301000 | 113560 684 12200 8

1.3. Versatility of embedded processors and systems. Embedded processors
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9 Vladimir lvanov

The terms "embedded processor" and “"embedded system™ are concepts that gained popularity.
This terms refer to built within a single FPGA chip processor core, a set peripherals, memory
interfaces to external drives or devices [111]. They are described using HDL languages,
ensuring their implementation in FPGA devices from different manufacturers.

According to [10] the number of new projects incorporating embedded systems is growing
close to the exponential law. Embedded systems can be found in contemporary systems with
critical applications and those working in extreme conditions.

There are two types of processors embedded in FPGA devices (hardware and software) that
play an important role in expanding versatility of modern FPGA-based embedded systems.

For hardware processors are considered those whose core is embedded in the structure of the
physical FPGA device still in its manufacturing process. This kind of processors is offered by
Xilinx and Altera companies.

Altera embedded hardware processor ARM922T [27] in their FPGA devices. This is a fast-
acting 32 bit RISC processor designed for building systems of type System-on-Chip (SoS).
Embedded in families CycloneV, StratixV and ArriaV.

As a hardware processor, Xilinx embedded in its FPGA devices from Virtex family processor
cores of the company and IBM PowerPC405 PowerPC440 and ARM Cortex-A9.

Zyng-7000 is the latest family of FPGA devices offered by Xilinx. It is based on devices of
Series 7 and has built-in dual-core processor ARM® Cortex-A9 [103].

Unlike the hardware embedded processors, software processors in core are created outside the
structure of the chosen FPGA device. One of the best software processors offered by Altera is
Nios. It is general purpose 32 bit RISC processor designed for installation in family Stratix-11
and Cyclone.

Xilinx offers two software cores: Micro Blaze and PicoBlaze. Each of them has a compact
architecture and occupies significantly less resources in FPGA, than what is similar to him in
performance microprocessor core. Micro Blaze e software core 32-bit RISC processor with
Harvard architecture. It has separate 32-bit buses for addresses and data.

LatticeMico32 32-bit general purpose processor. It has Harvard architecture, 32 registers and
can process up to 32 external interrupts [34]. A comparison of its properties is presented in
Table 1.6.

Table 1.6. basic characteristics of 32 bit S/W embedded processors

core Frequency [MHz] performance, [MIPS] Number of slices
LatticeMico32[32] 100 - 2230
LEON3[32] 150 150 3500
MicroBlaze [32] 100-200 166 1250
NiosTTF[32] 185 218 1800

PicoBlaze is a high-performance 8-bit RISC processor, which allows incorporation of multiple
copies of the structure of a single FPGA device. PicoBlaze contains two banks of 16 8-bit
general-purpose registers. The arithmetic and logic unit of the microprocessor is 8-bit and
perform all the basic arithmetic and logic operations. PicoBlaze supports up to 256 1/0O ports.
PicoBlaze is freely distributed as a VHDL file. PicoBlaze is the best illustration of the need for
incorporation of small processors in FPGA based projects. It rests on the fact that the use of
processor modules for building-oriented realization of sequential function or hardware
resources, performing several tasks in timesharing mode, proved much more effective than
their hardware implementation resources on FPGA chips.
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A comparison showing the number of different type processors (PIC, 8051 and PicoBlaze)
that can be embedded in FPGA devices of the main families of the company Xilinx is given in
Table 1.7.

Table 1.7, Number of the processors embedded in Xilinx FPGA families

processors
FPGA families [ pic [ 8051 intel picoblaze
XC3S50 0 1 4
XC6SLX4 0 1 3
XC4LX15 4 10 32
XC5VLX30 7 19 185
XC6VLX75T 17 |45 448
XC7A20 4 11 108
XC7V285T 65 172 1719
XC7K410T 93 245 2444
XC7VX910T 166 | 439 4375

1.4. Development tools for electronic circuits with increased versatility

The modern methodology for the design and synthesis of electronic circuits with increased
versatility incorporates two main stages.

« Introduction, description and synthesis of the project.

» Setup and verification of the project.

A common feature of both stages is to use HDL-based tools that within a few years will
become mandatory and will be used by all designers.

These tools allow the use of different ready platforms, pre-developed components, including
those containing in itself hardware or software built processors. So the volume of the finished
designed and verified hardware can reach 80%.

There are two trends in the means for development of software products:

The first binds to the active implementation of programming languages of high level (C, C ++)
for compilers and simulators development.

The second trend is associated with the creation of metalanguages (e.g. UML, Unified
Modeling Language), allowing description of the task, and consequently generates the
necessary software [98]. The strengths of these trends are visible when the amount of FPGA
logic cells exceed the limit of 100000. They allow the use of abstractions and automatisation
of the processes of realization of small details of the project, which leverage the acceleration
of technology for the automated design and achieves a reduction in the possibility of the
occurrence of errors.

The increased versatility of embedded systems transforms the need of their design, verification
and adjustment within acceptable limits in a serious problem. The estimate of this problem
shows that at the time for functional verification and setting borrow up to 80% of the time for
project developing. This requires the creation of new automation equipment, providing fully
integrated design that permits simultaneous development, design, testing, verification and
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adjustment of software and hardware part of the project throughout the design cycle from idea
to realization.

Thus, the essence of the program activities design moves to the field of RTL. Such a trend can
be found in development systems Micro System Builder of the company Lattice [33], Quartus
Il of Altera [32], ISE Web Pack and on Xilinx and others.

To develop projects based on FPGA devices, Xilinx offers various tools and platforms that
enable the use of software tools such MATLAB / SIMULINK company Math Works, System
Generator, and integration with inflammatory means for deploying other EDA manufacturers
like Simplicty and Mentor Graphics. Xilinx pay more attention to the development of
complementary technologies.

For the design of embedded microprocessor systems, Xilinx offers Embedded Development
Kit (EDK). It supports the development and setting of the hardware and software of
microprocessor systems using Micro Blaze or PowerPC cores for the families Spartan and
Virtex.

It supports the opportunity for joint development and adjustment of software and hardware
parts and tight integration with standard development tools ISE Web Pack and ISE
Foundation, it has libraries containing IP cores for various components and the ability to
verify the hardware with the ModelSim program. Xilinx does not offer special development
environments of the 8-bit embedded systems based on the core PicoBlaze. For hardware
developing the Web pack package is used.

As a means of dewvelopment of the software only assembler and integrated environments
pBlazelDE or openPICIDE are used. For this reason, the implementation of the programming
environment for computer aided design of integrated, PicoBlaze based systems by presenting
them in a form with a higher level of abstraction has its place and importance in the process of
automation of engineering.

The problem with the time for functional verification and adjustment becomes more relevance
when a survey of the development, including one or more microprocessor cores located on a
same crystal using separate tools for hardware and program modules.

The modern understanding for minimizing the time for verification and adjustment is based on
a methodology that enables simultaneous conduct of the development, verification and
adjustment of software and hardware at all stages of development, ranging from concept and
design sketches to the physical realization.

It enjoys languages and tools to describe and generate models of processor cores and
peripheral devices built within the crystal. Supports integration of external compilers,
simulators, synthesizers, editing tools and HDL languages. Allows parallel work and the use
of external devices for simulation and visualization. Provides seamless integration with
software operating at the lowest levels. Interacts with external hardware systems.

Ensures development of embedded FPGA based systems, a significant boost to the process of
verification and adjustment of software and hardware.

1.5. Summaries and conclusions

It is shown that the structural surplus and increased number of integrated identical elements,
along with development tools for design are the main factors that determine the versatility of
electronic circuits. The possibility to use FPGA devices as a medium for the construction of
various complex and fast processor cores and SoC and definitions of the terms “"embedded
processor” and "embedded system" are given. The trends in development of hardware and
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software products that extend the functionality, reduce the possibility of occurrence of errors
and determine the necessity of using HDL-based tools for modeling and verification are
examined. A review of embedded system development tools of companies Lattice, Altera and
Xilinx is made. Described are indicators of the means for the design of embedded
microprocessor systems with cores Micro Blaze or PowerPC, offered by Xilinx, built in the
Spartan and Virtex families.

The necessity of creating special hardware and software environment for computer aided
design of integrated, PicoBlaze based systems, which contain architectural abstractions
covering all low level system objects to those responsible for communicating with the user is

described.

Chapter 2. Developing a programming environment for the synthesis of PicoBlaze based
devices.

The process of hardware and software embedded system design used for the realization of
FPGA devices becomes a multilevel task, which requires a complex approach. This approach
must combine the traditional hardware and software components of the system being to
developed into a set of architectural abstractions which cover all practical variety of potential
options of architecture and infrastructure of the designed system.

Its application allows the use of already done hardware or software platforms, unifies creation
of HW and SW components and channel design of embedded systems in the following areas:

Development of technologies for HW / SW co-design;
components reuse ;
check and verification;

Creation of tools for modeling of non-functional properties (reliability, power
consumption, dimensions, etc.).
These areas demonstrate the need for use of high-level abstractions in the process of design.

2.1. Design program PicoBlaze based systems

As a basis for creating a program for automated design of PicoBlaze based systems, the
created in IPPI-RAS theory for small object areas (SOA) is used [67, 68]. According to this
theory, the solution of a task can be obtained by its presenting and modeling in an abstract
space formed by SOA. This theory ensures the transformation of the infinite variety of tasks in
a finite set of mutually independent SOA [67].

Its implementation in the system developed allows to use the HW / SW co-design system
components, checking the authenticity and verification and reuse of previously created and
tested code, which permits the application of already existing designs without re-modeling or
re-building. This minimizes the number of recursion arising in the process of design which
determines its duration.

2.2. Creating an environment for computer aided PicoBlaze based systems

The main difficulty arising in the process of system development using embedded processors
is a compilation of the configuration file, which reflects the description of the relationships
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between the components and modules of the system, in the form of text in terms of high-level
language.

The construction of this file is a task prone to errors, which can be found only in the process of
synthesizing the project. An approach is made to minimize the number of errors when entering
the desirability of drawing up a sketch or full scheme of connections that support the creation
of the file.

Their presence allows the designer to capture and track the entire essence of the system at a
glance. Based on this, the concept underlying the proposed method for automatically
generating of a file containing the description of the PicoBlaze based system built is limited to
just the description of the system from its block diagram. In order to do this, a set of SOA
based on the analysis of the available projects described in the literature [70-74] is formed.
Each one of these modules has been developed as graphical primitives which can be used in
environments of introducing electronic designs. They are united in the library, shaped
according to the requirements of OrCad. The library is not closed and is subject to certain
rules so it can add other modules.

The use of this set in the development of embedded PicoBlaze based system is illustrated in
Figure 2.6. From this diagram, the developed program environment generate the
configuration file of the system, and it can be submitted to the environment for work with
FPGA devices (Web Pack).

Figure 2.6. Graphical representation of embedded PicoBlaze system.

For proper operation of the developed environment, each SOA module is equipped with a
corresponding VHDL description of the hardware part and assembler driver to fit.

The block diagram of the developed environment for automated design of embedded
PicoBlaze based systems is shown on figure 2.7.

2.3. Design of embedded systems with the environment ViNi73A

The work with the program environment for automatic generation of embedded PicoBlaze
based systems begins with extracting of its distributive file in a specific directory. After this
operation, the directory forms the executable program VIiNi73A.exe and supported
PicoBlaze_EDK.rar file. Launching the executable file opens the window in which one must
enter the name of the project being developed.

Based on this name, the environment create a working subdirectory with the same name as the
project and launches the EDA OrCad, in which block diagram of minimal embedded
PicoBlaze based system is generated. This scheme is a template, which the user can modify or
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supplement with other modules according to specific project requirements. After the necessary
changes are made, the EDA OrCad is closed and the sub directory with the name of the project
is generated by the environment. Now, the design of the embedded PicoBlaze based system is
finished and one can proceed with the Web pack.

For this purpose, it is enough to run a *.xise automatically generated by the developed
environment, located in the project subdirectory generated. This file is from the developed
environment and contains a description of the project being developed according to the
requirements. For proper operation of the Web Pack environment, the project hierarchy should
be added with automatically generated by the program * PROM6.vhd and
UCF_demo_file.ucf files, located in the working directory of the project.

The main result of the process of synthesis is the creation of *. bit file that contains all the
detailed information, necessary for modeling and wiring of the project. Activation of the
process of synthesis begins with the choice of command Process/Run from the main menu.

The functional verification of the project is performed using pre-generated tests. They are
generated by the Web Pack system as a template, in which sets of the timing relationship of
the input effects are pointed out.

The final stage of the process of an embedded Picoblaze based system design is its
downloading into the structure of FPGA chips. For this purpose, it is necessary to use the
dedicated programming dongle and to start the Configure Target from the proses window of
the Web Pack system.

2.4. Summaries and conclusions

The use of agents having a higher level of abstraction in the design process of embedded
systems is a major factor for its development, improvement and automation.

They provide a high degree of relevance between the patterns of the elements constituting the
system being developed and its physical implementation. Enabling the automation of the
design process, starting from the formalization and entering of the initial design procedures,
development and testing of models, algorithms, methods and means for the realization of
individual design solutions.
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Figure 2.7. Block diagram of the developed environment for automated design of embedded
PicoBlaze based systems.

In this chapter, the development of automated programming environment designed for the
design of embedded systems based PicoBlaze is presented. The solution to this problem is
based on the theory of SOA.

The multifold nature and practical aspects of computer aided design of complete embedded
FPGA-based systems are shown. The specific and practical aspects of the design process of
the embedded systems are present. A generalized algorithm for automated design of embedded
PicoBlaze based systems is developed. The reason why the initial stages of the design of the
built-in FPGA based systems cannot be automatically carried out, without human intervention,
is shown. The need for prior preparation of graphic sketches in building configuration file
built PicoBlaze based systems is also discussed.

A programming environment to automatically generate configuration file and template for the
assembly program of the CPU block diagram of the developed system is developed. An
example illustrating the use of the environment for automatic generation of embedded
PicoBlaze based systems is presented.
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Chapter 3. Implementation of engineering applications developed environment.
3.1. Development of SOA modules

When generating applications realized with the help of PicoBlaze based systems, it is possible
the emergence of a need for enhancement of the control program of the CPU or create a new
SOA module.

The SOA module containing the control program of the processor is prepared in assembler,
based on the *.psm file generated automatically by the program VIiNi73A. As an assembler,
the program KCPSM6 is used. It is a Windows application whose window displays messages
and identifies where errors have occurred.

One of the interfaces that gained most popularity in the construction of the serial
communication between chips is SPI. It is put in use by Motorola and is currently used in the
products of many manufacturers.

In essence, this is the simplest inclusion, involving only two chips. The protocol for data
transmission via SPI interface is quite simple. For the purpose of developed system, one
hardware and two software SPI modules have been developed.

The essence of the SPI module of the first program consists in the possibility to control the 6
independent devices, connected in parallel. The second software module is oriented to work
whith up to seven different interruptions. Both developed modules ensure data transmission at
a speed close to 3.3 Mb/sec.

In order to achieve the required accuracy for the stable functioning of a UART module, the
gating clock of the system should be divided by a number that ensure the needed appropriate
rate of information exchange with error below 0.6%.

For the three most common system clocks, that are 25, 50 and 100 MHz, used in the
development of different hardware systems, the values of the divisor number varies in the
range (2 to 4000).

The classical realization of these divisors requires a large set of FPGA resources. In order to
perform a big reduction of the needed FPGA resources, an approach using the LUT tables is
developed. Due to this, the resources being used are restricted to a few CLBs.

3.2. Hardware environment for the reprogrammable devices

In order to reduce the time for system verification, a hardware environment for checking of
the developed embedded systems based on CPLD and FPGA devices series HS9500XL, Cool
Runner-11 and Spartan-6 by the Xilinx company is realized. It has a lot of 1/O ports and assists
the visualization of information in the process of development of various projects.

3.3. Evaluating the effectiveness of the developed software tools

The main objective of an automated environment for design of the embedded PicoBlaze
systems is shortening the total time of the process of their realization. This process can be
separated in two parts: specific and non-trivial.

The specific part includes all activities related to the development of the system configuration
file and the program of the embedded processor. The second part covers the synthesis of the
trivial activities, implementation and generation of binary module carried out by the
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development environment (web pack, ISE or VIVADO). The execution time of these activities
is an important indicator for the development environment used and is directly dependent on
the size of the project. As a rule, the amount of logic cells required for the construction of
embedded PicoBlaze based systems rarely exceeds the value of 5K. Consequently, the time of
their creation turns out to be sufficientty small and can be ignored. Therefore, the time
necessary for their realization is determined by the time to perform all the operations of the
specific part of the process of design. For this reason, these operations become a convenient
criterion for determining the effectiveness of the developed programming environment for
computer aided design of the integrated PicoBlaze based system.

In order to obtain a reliable picture of the performance of developed program system, two sets
of experiments were conducted. They allow to get an idea of the times required to create the
configuration file of the system. Each series was attended by 15 people divided into beginners,
experienced people and experts groups. The task of the participants in the first series was to
enter the configuration file of the system from a listing.

The task of the participants from the second series was to compile the file from the block
diagram. The results of the participants of both series are shown in Figure 3.20.

For comparison, the average time for compilation of the configuration file of the system
developed by two people trained to work with the designed programming environment is also
shown in the same graphics.

Bpeme 3a éveesncoane na npoexm

Figure 3.20. Average time for creating a configuration file.

The relationship between the time to put in the file description of the system and the one
obtained using the developed program demonstrated to achieve an acceleration in its use is
shown in Figure 3.21.

These graphs show that the process embedding generation of PicoBlaze based systems
depending on the qualifications of the designer, can be accelerated from 2 to 10 times when
the developed programming environment is used.

3.4. Designing an embedded microcontroller for systemlighting effects in homes of the
future

One of the mandatory features characterizing the quality of the homes of the future is the
presents of the system of lighting effects intended to improve the health factor of the human.
The structural scheme of the system for lighting effects in the homes of the future, built on an
embedded in FPGA device processor becomes the most effective means for its realization.

The hardware of the developed system is realized on the basis of FPGA device processor
PicoBlaze embedded in Spartan 6. The integrated processor, the accompanying logic
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environment and actuators are described in the VHDL language, by methodology described in
[6, 7] from the list of papers related to the dissertation. This methodology allows the
configuration file of the system and a template for the control program of the embedded
processor to be created automatically from its block scheme. The control program is written in
assembler and its monitoring and communication program does not exceed 300 commands.

3.5. Design of a random number generator

The question of hardware random number generation occupies a special place in the
development process of precise mathematical models and complex experiments conducted.
The need for the creation of such class devices is determined by the fact that large functional
capabilities of modern building blocks in the form of FPGA devices allow the construction of
devices and open the possibility of successfully solving in real time on a wide range of
scientific and applied tasks. As a base for the development of hardware based random number
generator the Spartan-6 XC6SLX4FPGA device, the structure of the GENAP type generator
[135] is used. The structure is extended with hardware blocks that allow the generation of
random numbers with properties virtually indistinguishable from the ideal ones.

The hardware implementation of the project was studied in Prague, together with colleagues
from ITIA (Institute of Information Theory and Automation) to the AN of the Czech Republic
under conditions close to the real. After the complete functional testing of the generator, the
deviation in the features of the generated random numbers according to a priory expected
parameters cannot be found.

3.6. Summaries and conclusions

In order to support the realization of an SOA module non-existing in the library of the
developed environment or the need for reworking of a CPU control program, a relevant
methodology in of this chapter is presented. An assessment of the developed programming
environment speed is made. An example of the development of a hardware SOA module and
two software modules performing communication protocol SPI is presented.

As an example of the overall development of integrated PicoBlaze based system, the design of
a system for lighting effects in the homes of the future and a random number generator is
presented.

Contributions of the thesis

1. An analysis of the process of hardware design using a modern FPGA devices overview
and embedded processors was defined as the need to develop automated tools to
support the processes of synthesis and verification of the functionality of the hardware
systems.

2. A program environment allowing the automatic design of embedded PicoBlaze based
systems that include three new types of system libraries was developed.
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3. The program environment was applied to the design of a real hardware Random
Number Generator and microcontroller for management of the system for lighting
effects in the homes of the future devices.

4. An estimation of the performance of the developed program system for automated
design of embedded PicoBlaze based systems was done.
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YBoa

Ilen na oucepmayuonnuam mpyo e paspaboTkara Ha IporpaMmHa cpeaa 3a
aBTOMAaTU3UPaHE Ha MHXKCHEPHUS TPY/I MMPU MPOSKTUPaAHE HAa BIPafCHU CUCTEMHU
Oasupanu Ha mpoiecopHo sapo PicoBlaze.

Axkmyannocm  na memama. Ilo cBosTa  CHIIHOCT  MOHSTHETO
MHOTO(YHKIIMOHATHOCT yKa3Ba 3a BB3MOXHOCTTA €IUH OOEKT Jla M3ITBJIHSABA
HAKOJIKO pasznuuau GyHkiwu [1]. Ts mo3BossBa 1a ce moaqo0psT MOTPEOUTEICKH
CBOWCTBa, Jla C€ HaMalMd Maca, 3aeMaH o0eM, Opol CBHCTaBSIIM EIEMEHTH,
BPB3KH, J1a CE TIOBUIIM HAJKIHOCTTA M 0€30MMacCHOCTTA.

JlomuHupaiiia posjst o OTHOILIEHHE Ha MHOTO(QYHKIIMOHATHOCT NPH LUPPOBUTE
CIICKTPOHHH CXEMH MMaT ChBPEMEHHHUTE NPENpOrpaMuUpyeMH CXEMHU OT THUIa
FPGA. Te ycmemnHo ce u3Moj3Bar KaTo cpefa 3a MPaKkTHIEeCKO M3rpakIaHe Ha
pPa3IMYHA TI0 CJIO)KHOCT IM(POBH YyCTPOUCTBA M CUCTEMH Ha 0Oa3ara Ha
,,BTPAZICHN MUKPOTPOILECOPHH SJIpa, C BH3MOXKHOCT 3a pe-KOHPHUTyparus u
pa3BOM, KOETO TH ONpeAeis KaTo OCHOBHU T'PaJWBHU OJOKOBE HA BCHUYKH
HACTOSIIIM U OBJICIIIM BUCOKO TEXHOJOTUYHHU, HHGOPMAIIMOHHO - YIIPaBJISBAIIN
CUCTEMH U YCTPOUCTBA.

[IpouiechT Ha MpPOEKTUpaHE HA BrPaJeHH CHCTeMH, 0a3MpaHu HA MPOrPaAMHU
MUKPOIIPOIIECOPHHU sIApa, M3UCKBA JIETAMIHO IMO3HABaHE HAa CTPYKTypara |
ocobenoctute Ha m3nonBanute FPGA mpubopu u cpenute 3a paborta C TIX.
[lpenBun pa3aMYHUTE CKOPOCTH HA TAXHOTO PAa3BUTHE, CPEIUTE 3a paboTa ¢
FPGA nmpubopu He Morar 1a clieiBaT JOCTaThYHO OBP30 TEMITOBETE HA TAXHOTO
pa3BUTHE, KOETO Hajara pa3pabOTBaHETO Ha METOAW C TOBHIICHA
abcTtpakTHOCT. Te momoOpsiBaT mokazarenuTe Ha cpenute 3a padota ¢ FPGA
npuOOpH,  yCKOpsSBAT  HIKCHEPHHUS  TPYd HpH  TPOCKTHpaHe  Ha
MHOTO(YHKIIMOHATHN E€JIEKTPOHHU CXEMHU C U3IMOJ3BaHETO Ha BrPajcHU
MUKPOIIPOIIECOPHU SIpa W MHUHUMHU3HPAT BIUSHUETO HA WHIWBUIYaTHUTE
JAJICHOCTH Ha TPOEKTaHTa BBPXY MpoOIeca Ha MPOEKTUPAHE, OTKPHUBANKHU
JOTBJIHATEIIHU Bh3MOKHOCTH 32 HETOBOTO aBTOMAaTU3UpPaHe.

O0630p HA OCHOBHUTE Pe3yJITATH B 00J1aCTTA

O611a 0co0eHOCT Ha ChbBpEMEHHAaTa METOA0JIOTHA 32 IPOEKTUPAHE U CUHTE3 Ha
CJICKTPOHHM CXEMH C TOBHUIIEHA MHOTO(YHKIIMOHATHOCT TMpPEACTaBIsIBa
u3non3BaHero Ha HDL-0a3upanu cpenctsa. Ta3zu MeTo1010THs 32 IPOEKTUPAHE
OTKpUBa BB3MOXKHOCT 33 H3IOJ3BAHE HA  MPEABAPUTEIHO pPa3pabOTEHU
komnoHeHTH (IP), B ToBa uncIio M TakuMBa, CHABPIKAIIM B C€OE CU amapaTHH WIN
OpOTPAMHO M3TPAXIAaHU TPOILIECOpPH, NOA00psBa KavyeCcTBOTO, HaMalsiBa
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MPOIBDKATETHOCTTA Ha TPOIIeca Ha MPOCKUPaHE BCICACTBUE HA KOETO IIE CE
U3T0JI3Ba OT BCUYKH MPOSKTAHTH HA EIEKTPOHHU cXeMHu. Ts

OcCHOBHHUTE TEHICHIIMM TPHU CpEACTBaTa 3a pa3paboTKa Ha MPOrpamMHO
obecTieueHre ce CBbP3BAT C aKTUBHOTO BHENIPSIBAHE Ha €3UIM 3a MPOTpaMHUpaHe
ot Bucoko HHBO (C, C++) u Merae3mIy, H3I0JI3BaHN ChOTBETHO 3a Ch3]1aBaHE
Ha KOMITUJIaTOPH M OTIMCAaHUE Ha MTOCTaBEeHAaTa 3a/1a4a.

[IpoGnem mpu MPOEKTUPAHETO Ha BrPAJCHW CUCTEMH MPEACTaBIIsIBA TAXHATA
Bepudukarus, 3aemama g0 80% OT BpeMeTo 3a WM3TOTBAHE HA TMPOCKTA.
MUHHMH3HUPAHETO Ha Ta3W CTOMHOCT HM3HMCKBAa CPEACTBA, KOWUTO H3IIOJI3BAT
abcTpakmuu OT BHCOKO HHMBO M yHuUurmpanu HW m SW KOMNOHEHTH u
OCHUTYpsIBAT MHTETpAIHsl C MPOTPaMHOTO OCUTYpsiBaHe, pabOTeI0 Ha HUCKHUTE
HHUBA OT IUKBJILT Ha mpoekTupane Ha BC[119].

Te3n u3NCKBaHUS KIMAT MSICTO B CHCTEMHUTE 3a Pa3Boil Ha (PUpMHTE TIpeIJIaramny
FPGA mnpu6opu (Mico System Builder na Lattice [34], Quartus Il [33], Ha
Altera u ISE, WebPack u Embedded Development Kit na Xilinx). ToBa ca
cpeau, TMO3BOJISBAIIM HHTETpalldsi C HWHCTPYMEHTAPUYMUTE MpEAJiaraHd OT
Mentor Graphics, Synplicity MathWorks, System Generator, Accel u ap. Te
MI03BOJIIBAT ObP30 MPHUABMKBAHE OT HJICS IO peaTH3aIisl U ca OPUSHTHPAHU KbM
U3TIOJI3BAHE B CKUII.

3a Xilinx pererreTo Ha MpoOJIEMUTE B IPOSKTUPAHETO M pa3pad0 TKaTa Ha HOBU
CpeACTBa 3a MPOCKTHPAHE CE€ CBEXJA JI0 YCTAaHOBSBAHE Ha MapTHHOPCTBO ChC
3aMHTEPECOBAHN OT HOBOBBBeACHUS mpousBogutenu EDA B pamkure Ha
uaurmarueara "ESL" (Electronic System Level, ESL). HeitnHata ocHOBHa 11€71 €
pa3pabOTBaHETO HA POTPAMHU CPEACTBA OT CUCTEMHO HUBO, KOUTO J1a HAIIPaBAT
METOJ0JIOTHUSATA 32 MIPOEKTUPAHNE MAaKCUMAIHO "OJiM3Ka" 3a mpoekranTa. T e
OpHUCHTHPaHA KbM MPOEKTH U3UCKBAIM 3HAYUTEITHH allapaTHH PeCcypcH, KOETo .
ToBa mocTaBsi o1 BBIPOC HEHAaTa €PEKTUBHOCT NPH pealm3upaHe Ha TPOEKTH
C MAJIKH BrpajieHu mpoiiecopu. Ha Ta3m 0CHOBa pealnM3upaHeTo Ha MporpaMHa
cpeda 3a aBTOMAaTH3MPAaHO TIPOCKTHpPAHE Ha MAaJIKH BIPaJIcCHU CHCTEMH,
MOCPEACTBOM TIPEICTaBIHETO WM BBHB ¢GopMa C TMOBHUIIEHA CTEIEH Ha
a0CTPaKTHOCT, UMa CBOETO MSCTO, Thil KaTo. Ts MO3BOJIIBA Ja C€ MOCTUTHE
aBTOMAaTH3aI¥sl Ha Ipolieca Ha MHKCHEPHHS TPYI U YCKOPSBa PeaM3UpPaHETO
Ha pa3pabOTKH, U3MOJI3BAII MUKPOIIPOIIECOPHHU SAPAOT TO3H KJIAC.
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3agauyu HA TUCEPTALMSATA
3a MOCTWraHeTo Ha IIeNiTa Ha JUCEPTAlMOHHS TPYA ca (opMyTHUpaHU

CTICTHUTE 3a]1a4H :

1. Jla ce anamuzupa W OOOCHOBE HEOOXOAMMOCTa OT H3IOJ3BaHE Ha
BIPAJICHUTE TMPOIECOPH KaTo aJITCpHATHBA HAa KOHBCHIIMOHAIHHUTE U
CIICIUATM3UPAHA MUKPOIPOILIECOPU W TIPWIAraHeT0 MM KaTo OCHOBHH
rpaiuBHA  OJIOKOBE HA BHCOKO TEXHOJOTWYHH, WH(POPMAIMOHHU
YIpaBIISIBAIL CUCTEMHU U YCTPOUCTBA.

2. lla ce pa3paboTu mporpamMHa cpeia 3a aBTOMaTH3MpaHe HA WHXKEHEPHUS
TPy MPH MPOCSKTHUPAHE HA CUCTEMHU C BIPaJICHU MTPOIIECOPH.

3. Jla ce mpoeKTupaT TEeXHWYECKH CPEACTBA C M3IOJ3BaHE Ha pa3paboTeHara
cpena.

4. Jla ce pa3paboTH aITOPUTHM 32 OIIEHKA Ha €(PEKTUBHOCTTA HA TpOoTpaMHaTa
cpeda 3a aBTOMAaTH3WpaHE HAa WHXXCHEPHUS TPyA NPHU TNPOCKTHpaHE Ha
CHUCTEMU C BTPaJICHU MPOIIECOPH.

MCTOI[OJIOFI/IH Ha U3CJI€ABAHETO

[Io cBosiTa CHIIHOCT, NPOLECHT HA MPOECKTUPAHETO HA 3aBBPILECHU, allapaTHO -
IPOTPAMHHU BrpaIeHd CUCTEMH, U3I0JI3BALM KaTo cpena 3a peannsupane FPGA
YUII TPEACTaBIsABA MHOIOIUIAHOBA 3a7ada. 1s H3UCKBAa H3MOJI3BAHETO HA
KOMILJIEKCEH MOJXO0/1, KOUTO 1a 00€IMHU TPAAUIIMOHUTE alapaTHU U MPOTpaMHU
CBHCTaBSIIM HA cUcTeMara B HA0Op OT apXUTEKTypHH aOCTpakUWHU, OMHUCBAIIU
UHppacTpyKkTypata Ha pa3zpaboTBaHata cuctema. KOMIUIEKCHUAT TOAXO]
NO3BOJISIBA H3MOJ3BAHETO HA TOTOBH alapaTHO MPOTPaMHHU Iardopmu,
yauduimpa cb3naBaneto Ha HW u SW koMmoHeHTM W KaHaim3upa
IIPOEKTUPAHETO HA BrPaJ€HU CUCTEMU B CJIECIHUTE HAIIPABJICHUS :

« pasButue Ha TexHosorunte 33 HW/SW co-design;

e TIOBTOPHO U3MOJ3BaHE HA KOMIIOHEHTH;

e TPOBEpKa 3a I0CTOBEPHOCT U BepUUKAIIHS;

e ChH3JaBaHE HA CPEACTBA 3a MOJEIUpPaHE Ha HEPYHKIMOHAIHU CBOMCTBA
(HameXIHOCT, KOHCYMHpaHa MOIIHOCT, rabapuTu u Ap.).

Te3n HanpaBIIeHUS TTOKa3BaT HEOOXOIMMOCTA OT IPOCKTHUPAHE C M3I0JI3BaHE Ha
HE3aBHCUMU CTIPSIMO €JIeMEHTHaTra 0a3a OMHCAaHUS OT BHUCOKO HHUBO, KOUTO
aJICKBaTHO OTpa3sBaT (PyHKIMOHAIHOCTTA Ha cHUCTeMmara. B KkauecTBOTO Ha
OCHOBa 3a W3TpaXIaHC Ha cpeaara 3a aBTOMATH3UPAHO IPOCKTHpPaHE Ha
PicoBlaze 6a3upanu cuctemu e nznon3Bana chinaaenara B UITIN-PAH Teopust
3a Maimku npeamerHu obOmactu (MIIO) [67,68]. CeriaacHo Ta3u Teopwus,
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pEIIeHUETO Ha MPOM3BOJIHA 33jJa4a C€ MPEeACTaBs B aDCTPAKTHO MPOCTPAHCTBO,
dopmupano ot MIIO [67].ToBa mpeacTaBsiHE MO3BOJIIBA H3MOJ3BAHETO Ha
texnosoruu 3a HW/SW co-design, momycka u3BbspiiBaHe, Mo3BOJSIBA IPOBEPKH
3a JOCTOBEPHOCT M BepHU(HKAIMA, KaKTO W TOBTOPHO W3IMOJ3BaHE Ha
NpeIBapUTETHO CH3/a/ICH U ITpOoBepeH KoJ1. Taka chIIecTBYBAIM IPOESKTH MOTaT
Jla ce pa3lmMpsBar wiv Moauduuupar 6e3 moBTOpHO Mojenupane. EnuMunupar
ce BCHUYKHM, He3a0eleXMMH B HayaJHUTE €Talld Ha MPOEKTUPAHETO
HEOTPEEIEHOCTH, YUUTO MOCIIECTBHUS C€ OTKPUBAT €1Ba B IOCJIETHUTE CTaIUU
Ha nporieca. [lo To3u HaYMH ce MOCTUra MUHUMU3UpPAHE Ha Oposi Ha LUKIIUTE
BB3HUKBAIM B TMpolieca Ha MPOEKTUpaHE, KOWUTO HAMPAKTUKA OMPENEesT
HEroBaTa MpOAbILKUTETHOCT.

CTpykKTypa Ha 1MCePTALUOHHUSAT TPYJ

JlcepTalMOHHUST TPYA C€ ChCTOM OT HAa YBOJ U TpH TJaBu. J[uceptamusita
cpabpka 146 crpanuim, 64 ¢urypu, 17 Ttabnuum, 136 nutupanu U3TOUYHUKA U
TP WIOKCHHUS.

B mppBa TIaBa € U3BBPINCH aHAIM3 Ha TMpolleca Ha NPOSKTHUpaHE Ha
MHOTO(YHKIIMOHAIHU E€IEeKTPOHHM cxeMu. I[IpencraBena e chIIHOCTa Ha
MeToauTe 3a mpoektupane. [IpeacraBena € HEOOXOIUMOCTTAa OT Pa3TIICKIAHETO
MHOTO(YHKIIMOHATHOCTTA IPH aHAIN3a U TIPOCKTUPAHETO Ha €JICKTPOHHU CXEMH
C U3I0J3BAHETO HA EJIEMEHTH C IMOBUIIEHA MHOTO(YHKIIMOHATHOCT OT THUIA
ASIC u FPGA. CpaBHeHu ca OCHOBHHTE CUCTEMHM Mokaszarenu Ha FPGA
npubopute Ha pupmute Xilinx u Altera. Ilokazano e, ue FPGA npubopute Ha
¢upmara XilinX ce ouepraBaT Karo OCHOBAa 3a Hal-HOBOTO ITOKOJICHHE
MHOTO(YHKIIMOHAIHU €JICKTPOHHU CXEMH TI03BOJISIBAIM pPEaM3UPAHETO Ha
BI'PaJIEHU TMPOIECOPU U CHCTeMHU. Pasrienan € BUCOKO NMPOU3BOIUTEIHUAT 8§
outoB RISC mpomnecop PicoBlaze, xo#iTo mo Haif-ehekTHBEH HAYWMH W3MOJI3Ba
BbTpemHara ctpykrypa Ha FPGA mpubopu.

Pasrnenann ca pa3BOMHMTE CpEACTBA 3a CHCTABAHE, MOJCIUPAHE U
BepU(HKAIUA Ha EJIEKTPOHHU CXEMH C TOBHIICHA MHOTO(YHKIMOHATHOCT.
[Toka3anu ca OCHOBHHM €Tanu Ha ChBPEMEHHATa METOJI0JIOTUS 32 MPOEKTUPAHE U
CHHTE3 Ha €JICKTPOHHU CXEMU C MOBUIIIEHA MHOTO(DYHKIIMOHAITHOCT W3T0JI3BaIIA
HDL-6a3upanu cpencrtBa. Pa3rieganu ca OCHOBHHUTE TEHACHLMU TIPU
cpencTBara 3a pa3pabdoTKa Ha MPOTpaMHO OOecTieueHHE 3a aBTOMATU3UPaHOTO
NPOEKTUPAHEe Ha ENEeKTPOHM YCTPOICTBA C U3IMOJ3BAHETO HAa €3UIU 34
nporpamupane ot Bucoko HuUBO (C, C++) m cB37aBaHETO HA METae3MIH, 3a
OTIFICAaHME Ha IMOCTaBeHAaTa 3a/1aya U TeHepHupaHe Ha He0OX0JMMOTO TPOTPaAMHO
OCUTYpsIBaHe.
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B rnaBa 2 ca mpencraBeHr TeOpeTHYHATa OCHOBA U MPAKTHYECKHUTE aCIIeKTH Ha
pa3paboTBaHETO Ha MporpaMHa cpena 3a cuHTe3 Ha PicoBlaze 0asupanun
yctpoiicTBa. IlpencraBeH € KIACHYECKUST alIrOpUTBM 3a pa3paboTka Ha
BIpaJieH! npouecopu. M3scHeHO e 3HaYeHHETO U poJisiTa Ha Mpe/BapuTeIHaTa
00pa00oTKa Ha M3UCKBAaHUATA U OCOOCHOCTUTE HA peaTU3UpPaHUs MPOEKT.
[lokazana e HEOOXOIMMOCTa OT MPOEKTHPAHE C M3MOJ3BaHE Ha HE3aBUCUMU
crpsiMo ereMeHTHaTa Oaza abcTpakuumu OT BHCOKO HHUBO. [IperncraBeHu ca
CTpYKTypaTa Ha pa3paboTeHara mporpamHa cpena U pbKOBOJICTBO 3a paboTa C
Hesl.

['maa 3 mnpencraBs peanM3upaHeTO HA WHKEHEPHH TMPWIOKEHUS ChC
pa3paborenaracpena. [lokasanu ca nmpoiecure Ha pa3paboTKa U reHepupaHe Ha
MIIO monymu u ympasisiBaliara nporpama Ha npouecopa. Hampasen e Tect 3a
Obp3oaeiictBue. [laneHo e omnucaHue Ha pa3paboTeHaTa ClelUaIu3UpaHa
arapaTHa cpeja 3a IIpoBepKa M HACTPOMKa Ha anaparHOTO W MPOrpaMHOTO
ocurypsiBane Ha BrpaaeHu PicoBlase Oasupanu cuctemu. IIpencrtaBenu ca
NpaKTUYECKU pa3padOTKH HAa BIPAJCHU CUCTEMU 3a CBETJIMHHU €(DEKTH B JOMOBE
Ha OBJACIIETO U IEHepaTop Ha CIy4ailHW 4yuciia, peaau3upaHd Ha Oa3ata Ha
nporecopa PicoBlaze. HampaBeHo e cpaBHeHHe m OleHKa Ha pa3pabOTEHUTE
MIIO moaynu.

I'maBa 1 AHasiu3 Ha poUeCca HA NPOEKTHPAHE HA MHOTOQYHKIMOHAJTHA
eJIeKTPOHHHU CXeMH

[lpouiechT Ha ChCTaBsHE Ha OMHMCAHUE, HEOOXOAMMO 3a CbH3JaBaHE Ha OILE
HEChILECTBYBAIl OOEKT MO0 HEroBOTO MbPBUYHO OINUCAHUE U AITOPUTHM Ha
GyHKIIMOHHUpaHE, Ype3 TSIXHOTO MpeoOpazyBaHe, ONTHUMH3AIMS, OTCTPAHIBaHE
Ha HEKOPEKTHOCTH W TOCJIEOBATEIHO MPECTaBsSHE B PAMKUTE HA €IMH €3UK Ce
Hapuya npoektupane. [IpoaykThT Ha mpolieca MpOeKTUpaHE Ce SBsIBA pe3yaTaT
OT U3IBJHEHWETO Ha KOMIUIEKC OT U3CJICIOBATENICKHA,  Pa3yeTHH,
KOHCTPYKTOPCKUA M ONHMCATeTHU paboTH, MO KOUTO TO3M OOEKT MOXKe Ja ce
u3padoTu.

TpanuuuoHHUAT METO 3a MPOEKTHpaHe ce 0a3upa Ha YepTEKU U Bb3HUKBA HA
CTaJius Ha MAIIMHHOTO MPOU3BOJICTBO. XapaKTepU3upa ce C TOBA, Y€ BbB BCEKU
€IMH MOMEHT TOW pa3IyiekJa caMo eHa KoHIenmus Ha oOekTa. J[aBa moOpu
pe3yNITaTy Ha HUBO W3JIETHS U TEXHUTE YaCTH.

CpBpeMEHHUTE METOJM 3a MPOEKTHUPaHE TIO3BOJABAT Ja C€ pasriexaar
MHO’KECTBO KOHIIENIMU Ha oOekra. ToBa ce mocTura upe3 paslMpsBaHe Ha
NPOCTPAHCTBOTO Ha pEIICHHs, B KOETO CE NPOBEKIAa THPCEHETO Ha HOBH
ctpykrypu. Te mpeactaBnsiBar GOpMaTHU CXEMH, KOHWTO IO3BOJISIBAT
pa3lieNgHeTo Ha 3ajavyara 3a MPOEKTHpaHEe Ha 4YacTH M YKa3BaT B3aMMHUTE
BpB3KU MEXAy Tax. O0eMbT OT uHpOpmaims HE0OXOaWM 3a B3eMaHE Ha
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pelIeHre Ha BCAKO HUBO OT Mpolieca Ha MpOeKTUpaHe ce o0e3neyaBa Ha Oa3zara
Ha ChbBPEMEHHUTE UHPOPMALIMOHHU TEXHOJIOTHH, KOETO BOJIH 10 aBTOMAaTU3aLUs
Ha MpolLeca Ha IPOEKTUPAHE.

[IpouechT Ha NPOEKTHPAHE CE€ Hapuya aBTOMATU3UPaH, KOTaro TOMl ce
OCBIIECTBSIBA OT YOBEK, BbB B3aUMOJICUCTBUE C KOMITIOTHD.

CreneHra Ha aBTOMaTH3alMs CE€ OLEHSIBA Ha 0a3ara Ha 4acTra OT NPOEKTHUTE
paboTH, M3MBJIHABAHU OT KOMITIOThpa 0€3 ydacTheTo Ha dyoBeka. (OCHOBHara
el HAa aBTOMATH3UMPAHOTO MPOEKTUpPaHE Ha CII0KHU MHOTO(QYHKIIMOHATIHU
CJICKTPOHH CHUCTEMHU € TMpPEMUHABAaHE OT aBTOMAaTH3allMs Ha OTACIIHUTE
MHGOPMAIIMOHHU TMPOLECH, MNPOTHYAIlM B OOEKTa KbM TAXHATa LSAJIOCTHA
aBToMaru3anus. Taka, ChIIHOCTTAa Ha MPOLECa Ha MMPOEKTUPAHE CE CBEXAA 10
HUBO Ha KOHCTPYKTOpP Ha MOJIENU C €IMHHA opma 3a MpeACcTaBsiHE HA TaHHU,
MO3BOJIABAIL PA3IIMpsIBAHE HA BApPHAHTUTE HA TMPOEKTHUTE PEIICHHUS,
HaMaJIiIBaHE Ha OpOST HAa TPEUIKUTE NPH MPOEKTUPAHE M ChKpallaBaHe Ha
CPOKOBETE 3a BHE/IPSIBAHE.

1.1 MHOTOQYHKIMOHATHOCTTA KATO KaTeropusi

[lonsiTuero MHOTrO(YHKIIMOHATHOCT, MPEACTaBIsiBa aTpUOyT, KOMTO MOKa3Ba
BB3MOKHOCTTA Ha €IUH OO0EKT J1a U3IbJIHIABA HAKOJKO pa3iuuyHu ¢yHKuuu [1].
Ts pasmmpsiBa cBONCTBA Ha 00EKTa U KPBI'bT Ha PELIABAHUTE C HErOBA MOMOIIL
3a/1a4yd, KOeTo oOycliaBsi HEOO0XOJMMOCTTa OT HEMHOTO pasriexaaHe MpH
aHaJIM3a U IPOEKTUPAHETO HA €IEKTPOHHU CXEMH.

CrocobuTte 3a gocTUraHe Ha MHOTO(YHKIMOHAIHOCT ca MHoro. Cpen T4x, 3a
aHalM3a M MPOEKTHPAHETO Ha EJIEKTPOHHM CXEMHU Hall-4ecTo ce U3I0J3Ba
noAX0/a “OT B3aUMOBPB3KHU, B3aUMOJCHCTBUS, YCIOBHS, CBOMCTBA U PECYPCH -
kbM (pyHkimu” [1]. To3u moAX0 /1 103BOJISIBA THPCEHETO HAa HOBHU, ONTUMAJTHU 3a
norpeburens ¢pyHkuuu. JonpuHacs 3a NOBHUILIABAaHE HA HUBOTO HA MHTETPaIHs
HAa CHUCTEMHTE W TEXHUTE €JEeMEHTH U CcIomara 3a IPEBPbBIIAHETO Ha
MHOTO(YHKIIMOHATHOCTTA B ThPCEH 3a BCSKA CUCTEMA aTpUOYT.

1.2. EnemenTHa 023232 eJIEKTPOHHH CXEMH C IOBUILICHA
MHOT'0(YHKIIMOHATIHOCT

OcHoBeH (pakTOop 3a Ch3JaBaHE HAa MHOTO(YHKIIMOHATHHU €JIEKTPOHHU CXEMHU
NPEICTABIISABA CTPYKTYPHHUAT U3JIMIIBK HA U3MOJI3BAHUTE TPAIUBHU €JIEMEHTH.
Ilo 3akoHa 3a MpeMUHaBaHE Ha KOJIMYECTBEHNUTE HATPYTIBAHUS B KAYECTBO, TO3H
CTPYKTYPEH H3JIMIIBK MO3BOJIIBA HA TPAAUBHUTE €JIEMEHTH J1a IOJIy4aT HOBH
NOKa3aTenu U CcBOWCTBA. Ta3u TEHIEHLMS JIECCHO MOXE Jia ce€ MpOCIeIU B
Pa3BUTHETO HA TPAJIUBHUTE €IIEMEHTH B €JICKTPOHUKATA.

C no0aBsiHETO Ha pEUIETKM B KOHCTPYKIMATA Ha PaJHOJIAMIIUTE CE MOSBIBAT
TETPOJIU U TIEHTOIU, TOOABIHETO HA MPEXOAU MPHU TPAH3UCTOPHUTE JOBENAE 10
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MOJIy4aBaHETO Ha TUPUCTOPU M TpUALM, a CTPYKTYPHUAT HU3JUIIBK OT
TPaH3UCTOPHU F'eHEpUpa PA3JIMYHU BUOBE UHTETPATHU CXEMHU.

JlomuHUpaIa poJisi ¢ BUCOKa CTENEeH Ha MHOTO(YHKIIMOHAIHOCT B 00J1acTTa Ha
nmudpoBara enekrpoHnka umar cxemute ot Tmna FPGA. Te mpurexasar
BIPaJICHU CTICIUATM3UPaHU allapaTHU Bb3JU, FOJIIMO ObP30AeHCTBUE, HUIIIOKHA
KOHCYMAaIlsi Ha €HEpTHsl, IO03BOJSBAT pealU3MpaHe HA OTKA30yCTONYMBHU
CUCTEMHU U CJIOKHU MPOEKTH B PAMKUTE HAa €IWH KPHUCTal W JAOIycKar
OCBIIECTBSIBAHETO PEKOH(UTYpaIus Ha BhTPEIIHATA apXUTEKTypa B Ipolieca Ha
dbyHKIIMOHHUpaHE Ha cUCcTeMara.

Te oTroBapsT Ha U3UCKBAHUSITA HA CTAaHAAPTUTE 3a7aBallld METOIUTE U HOPMUTE
Ha NPOLEIYPUTE 32 KOHTPOJ U HAJECKIHOCT HA MUKPOEIEKTPOHHU YCTPOMCTBA,
M3TI0JI3BaHA BHB BOCHHHU M aCPOKOCMHYECKH cucTeMH. ToBa ompenens FPGA
npudbopuTe Karo onTHMaliHa eNieMeHTHa 0a3a 3a pa3paboTkara Ha
OTKa30yCTOWYHMBY CHCTEMH U TAKWBA C KPUTUYHO Tpriioxkenue [ 95].

1.2.1. FPGA nputopu

[Tpubopure ot kmaca FPGA mnpeacrtaBisBar mporpaMUpyeMHU HHTETPATHH
CXEMHM, NPUTEXKaBaIllM TOJEMU JIOTHUECKH pecypcu. OCHOBEH €JIEeMEHT B
cTpykTypara Ha chBpeMennute FPGA npubop npencTabiisiBa JByMEpEH MacuB
ot eqHakeu CLB 65okoBe. bposiT Ha Te3n 610KOBE B UHIia Baprupa B 3aBUCUMOCT
OT Heromara roJjieMuHa. B pamkute Ha TO3u MacuB ce Brpaxnaar omie DSP
0JIOKOBE, CTaTMYHA MaMeT U IPOTPAMUPYEMH BXOJHO U3XOJAHHU OJIOKOBE, KOUTO
OCBIIECTBSBAT Bpb3KaTa MeKAy BRHIIHUAT cBAT U FPGA npubopa.

Hamuumero wa eqHOTHMNHHM CTPYKTYpHH OJIOKOBE B apXUTEKTypaTa Ha
ceBpeMennute FPGA npubopu, ce siBABa MpEANOCTaBKa, KOSITO OMpEAels
TXHATa MHOTO()YHKIMOHATHOCT U M3IOJI3BAHETO UM MPU pEIlIaBaHe HA 3a/1auu
C PAKTHUYECKa HACOYEHOCT B CUCTEMUTE 3a YIPABJICHUE, W3UCKBAIIM 00padOTKa
Ha TOJIEMH MOTOLM U 00eMH OT UH(OpPMAIKs B pEKUM Ha PEATHO BPEME.
Cnopen npoyuBanero Ha UBM 3a 2013r, ¢ Haii rojisiMO MNPUJIOKEHHE C€
noiBar FPGA npubGopure na gupmure Xilinx u Altera. Eaun ot BaxHuTe
nokasarenu 3a cpaBHeHHe Ha pazmmunute FPGA mpubopu e koHCcymupaHara
edeprus. Onenkara Ha To3u moka3aren 3a FPGA npubopwute Ha Altera n Xilinx,
3a pa3JMYHU MPUJIOKEHUS ca MOKa3aHu B Tabymma 1.2.

OcHoBHuTe cucteMHn nokazarenmu Ha FPGA npubopure na Xilinx u Altera ca
noka3zanu Ha ¢urypa 1.5, a Texuure 0a30BU CTPYKTYpHHM TOKa3aTelud ca
npeacTaBenu B Tabimma 1.3.

[IpuBeneHnTe CHIIOCTABKA ITOTBBPIK/IaBa BOJACIIUTE MTO3UIIMK Ha (prupmara Xilinx
B pa3paboTKkaTa Ha HOBHU CTPYKTYPHH W CXEMHH PCIICHHS, BOJCIIH JI0
yBeNmM4aBaHe Ha MHorodyHKImoHamHoCcTa Ha HeliHuTe FPGA mpuGopwu.
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Taonuua 1.2 Koncymupana moumoct or FPGA npu6opure Ha Altera u Xilinx[W]

Qurypa 1.5. CpaBHeHHe HA OCHOBHH CHCTEMHHU MOKa3aTeNH.

Tadauua 1.3. Bazosu mokaszarean Ha FPGA npubopurte Ha Xilinx u Altera.

StratixV ArriaV Kintex 7 Artix 7 Virtex 7
OTN Transponder 25,08 19
Audio Video Bridging (AVB) 16,756 11,8
MILCOM Platform 6,384 4.8
Mobil backhaul 7,564 6,2
wierless radio 17,38 11
Edge QAM 20,9 11
100Gtrafic manager 34 25
ASIC prototyping 66,56 32
1,2
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Parameters
Logic
Device Cells Slices DSP Slices Block RAM (Kb) CMT | Transceivers
Spartan-6 147443 | 11519 180 4824 6 8
Artix-7 35232 55050 700 12060 10 4
Kintex-7 406720 | 63550 1540 28620 1 16
Virtex-7 910080 | 113760 3960 64800 18 72
ArriaV 760960 [ 190249 2312 24140 16 36
Cyclone VE 301000 | 113560 684 12200 8
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1.3. MHOTOQYHKIMOHAJHOCT HA BIPa/IecHUTE MPOLEeCOPH U CHCTEMH
Wzpazute ,BrpaaeH mpoiecop” U ,,BrpajieHa cucteMa’ ca TMOHATHS, JOOWIH
rojsiMa MOMYyJSpHOCT. M3pemusatra OT TO3M KJIaC 4YECTO CE€ aHOHCUpAT U
BB3IIPUEMAT KaTO HOBO HAIIPABJICHHE B Pa3BUTHETO HA €JIEKTPOHATA TEXHHKA.
[lonsaTHsiTa ,BrpageH mnpouecop” U ,BrpajgeHa CUCTEMA C€ OTHACAT [0
U3rpajeHu B paMKuTe Ha equH eauHcTBeH FPGA uun npouecopHo siapo, Habop
nepudepun, namer, vHTepdeiic KbM BHHIIHH MTAaMETH Win ycTpoiicTsa [111].
TuroBara cTpyKTypa Ha €Ha BrpajeHa cucTeMa € Ioka3aHa Ha ¢urypa 1.10.
Brpanenute cuctemu ce onmcar ¢ nomoinra Ha HDL e3unm, koero rapantupa
TAXHOTO peanm3upane B FPGA npubopure Ha pa3auyHy MPOU3BOIUTEINH.

Brpanena cucrema

Bipauen npouecop /\

porpyu Ha uP C:>

cneunduinmn
anaparHu

-
MOAYJIH \/

Ourypa 1.10. Tunosa cTpyKTypa Ha BrpajJeHa CUCTEMa

ITo nanam Ha Gartner [10] 6posT Ha HOBHTE MPOEKTH BKIIOYBAIIM B ceOE CH
BIpaJICHU CUCTEMH HAPACTBA IO 3aKOH OJM3BK J10 eKCIIOHEHIIMaMHus . Brpagenu
CHUCTEMU MOTAaT Ja C€ OTKPHUIT B CHBPEMEHHTE aBTOMOOWIM, B CUCTEMHU C
KPUTUYHH MPUIOKEHUS U TaKUBa PadOTEIN B EKCTPEMAIHU YCJIOBHUS.

1.3.1. Brpaaenu npouecopu

Baxna ponst 3a pasmmpsiBaHe Ha MHOTO(YHKITMOHATHOCTTa Ha ChbBPEMCHHUTE
FPGA Oa3upanu BrpajiecHu CHUCTEMH WIrpasT pPa3IMYHU 10 CJIOXKHOCT U
OBP30ACUCTBHUE ,,BTPATCHN MUKPOTIPOIIECOPHHU SApa.

CepluecTByBar 1Ba BUJa MPOLECOPH, KOUTO Morar na ce Brpaxaar B FPGA
npuOOpUTE — anapaTHU U IPOTPaMHHU.

1.3.2. AmapaTHu BrpajieHy Npouecopu

3a amapaTHU c€ CYMUTAT OHE3U POIIECOPH, YUETO SIAPO € BrpajeHO GU3HUECKHU B
ctpykrypara Ha FPGA npubopa o1ie B npoiieca Ha HErOBOTO MPOU3BOICTBO.
To3u Bun mpotecopu ce npeiarar oT pupmute Xilinx u Altera.
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B cBoute FPGA npubopu Altera Brpaxna anapataust npoiiecop ARM922T
[27]. ToBa e Obp3oxeiicTBan; 32 6uroB RISC mpomecop, mpoektupan 3a
u3rpaxkaaHe Ha cucteMu oT Tuma System-ON-Chip (SoC). Brpaxkna ce B
cemeiictBata CycloneV, StratixV u ArriaV.

B kauecTBOTO Ha amaparen npouecop, Xilinx Brpaxaas cBoutre FPGA npubopu
OT ceMmencTBOTO Virtex mpouecopHute sapa Ha gupmara IBM PowerPC405 u
PowerPC440 u ARM Cortex-A9.

Zyng-7000 e naii-HOBOTO cemeiicTBO FPGA npubopu npeiarany ot Xilinx. To

¢ 6a3upaHo Ha IPUOOPHU OT CepHsl 7 U MPUTEKABA BIPAJICH JIBY-SIAPEH MPOIIECOP
ARM® Cortex-A9 [103].

1.3.3. IIporpamMHo U3rpakI1aHu mpouecopu

3a pasnuka OT amapaTHO BIPAJIEHUTE MPOIECOPH, SAPOTO HA BCEKH €OUH OT
IPOTPAMHO U3TPAXTAHUTE TMPOIECOPU MPEABAPUTEIHO C€ Cbh3JaBa W3BBHH
cTpykTypara Ha u3bpanusi FPGA mpuGop. Altera mpenyara ¢cBos mporpameH
nportecop Nios® u LEON3. Toii e npenHa3HaueH 3a Brpak/laHe B ceMeicTBara
Stratix-II u Cyclone. Nios II m LEON3 ca 32 6uroB RISC nporiecop ¢ 001mo
npeIHa3HauYCHNUE.

LatticeMico32 e 32 6utoB mnpoiecop ¢ 0010 npegHazHayeHue. Tol mpuTexana
Harvard apxutektypa, 32 peructpu U Moxke na o0paborBa 110 32 BBHIIHH
npekbcBanusa. LatticeMico8 e 8-OMTOB MUKpOIPOIECOP, ONTUMU3UpPAH 3a
Brpaxnane B FPGA mpubopute Ha Lattice [34]. Xilinx mpennmara ase siapa
MicroBlaze u PicoBlaze. Bcsako emHo oT TAX npuTekaBa, KOMIIAKTHA
apXUTEKTypa U 3aeMa 3HAYUTEIHO No-Maiko pecypcu B FPGA, oTkoskoTo Koe
Ja € CXOJIHO HeMy IO MOKa3aTesii MHKpPOIpPOIECOpHO siapo. MicroBlaze e
codpryepno snmpo nHa 32 6utoB RISC mpomecop c¢ XapBapa apxurtektypa.
[TpuTtexxaBa oTnensau 32 OUTOBY MaruCTpaId 3a aApPecy U JIaHHHU.

CpnocraBkara Ha MicroBlaze neroBure kadectBa ¢ mnpouecopute Niosll,
LatticeMico32 u LEON3 npencraBena B Tabmuna 1.6 mokasBa 4e TOW U3UCKBA
Ha-MaJIKO peCypCH 3a peaan3aliusi.

Ta0nmua 1.6. OcHOBHE XapakTepucTHKH Ha 32 OutoBu S/W BrpajgeHu npouecopu

Snpo
[OuTa]

PaboTHa yecrora,
[MHz]

TP OM3BOIUTEIHOCT,
[MIPS]

bpoii slices 3a peaym3anus

LatticeMico32[32]

100

2230

LEON 3 [32]

150

150

3500

MicroBlaze [32]

100 -200

166

1250

Nios Il F[32]

185

218

1800

1.3.4. Mukponpouecop PicoBlaze

PicoBlaze e Bucoko npousBoaurenen 8§ outoB RISC npouecop, koito gomycka
BrpaKJaHe Ha HAKOJKO HEroBHM KOMUS B CTpyKTypara Ha eauH u cbil FPGA
npubop. PicoBlaze cpabpka ne 6anku ¢ 16, 8 6GutoBU peructpu ¢ 0010
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MpeIHa3HadYeHUE. ADUTMETUYHO-JIOTHYE€CKOTO YCTPOMCTBO HA MUKPOIIPOIIECOpa
¢ 8-0MTOBO U M3MBJIHIBA BCHYKH OCHOBHU APUTMETUYHH U JIOTUUECKH JICHCTBUSI.
PicoBlaze mognwpka no 256 Bxoanu u 256 uzxonuu mnopra. PicoBlaze ce
pazmpocTtpansBa ¢cBoOoaHOo moja ¢opmara Ha VHDL ¢aiin. PicoBlaze e naii-
no0para WIFoCTpanus 3a HE0OOX0IMMOCTTa OT BIPaX1aHe Ha MAJIKH MPOIECOPH B
FPGA 6a3upanu npoektu. Ts nmounBa Ha ¢akrta, 4e U3MOJ3BAHETO HA MIPOIIECOP
3a U3TpaXAaHe HA MOJYJIM, OPUCHTUPAHU KbM pPealTi3upaHe Ha MO CJIe0BATCITHH
GYHKIMM WK HA amapaTHU PECYpPCH, M3IMIBIHSIBAIIM HAKOJKO 33/1a4d B PEXKUM
Ha BpEMeNeleHUe, C€ OKa3BaT MHOTO IMO-€PEKTUBHU, OTKOJIKOTO TSIXHOTO
araparHo peanuzupane ¢ pecypcute Ha FPGA guna.

HanpageHo e cpaBHeHue Ha Opost Ha poriecopute Tutt PIC, 8051 u PicoBlaze
Brpagenn B FPGA npubopu ot ocHOBHHUTE ceMmeiricTBa Ha upmara Xilinx.
Pesynrature ca mokazanu B Tabnwma 1.7.

tabunua 1.7 Bpoii npouecopu 3a Brpaxaane B FPGA npuGopu ot ocHoBHuTe cemeiicTBa Ha XilinxX

Cemeiictsa Bpoii npouiecopu 3a Brpaxkaane
FPGA pic | 8051 intel picoblaze
XC3S50 0 1 4
XC6SLX4 0 1 3
XCALX15 4 10 32
XC5VLX30 7 19 185
XCOVLXT75T 17 45 448
XC7A20 4 11 108
XC7V285T 65 172 1719
XC7K410T 93 245 2444
XC7VX910T 166 | 439 4375

Te3u npeanocTaBku ONPEAENIAT HErOBOTO U3IOJI3BAHE OT XWJISIIN HHXKEHEPH 110
CBETa B Pa3JIMYHU YCTPONCTBA U CUCTEMH, a C MPUJIOKEHUETO MY B PaMKUTE Ha
pa3nMyHu y4eOHU 3aBeICHUS, MOTCHIUAIHUS OpOi Ha pealm3upaHuTe IPOEKTU
CTaBa OTPOMEH.

1.4. Pa3BoiiHu cpe/icTBa 32 €JIEKTPOHHU CXeMU C IOBUIIIEHA
MHOT0(pYHKIIHOHATHOCT

CbBpeMeHHaTa METOJ0JIOTHs 3 MPOEKTUPAHE U CUHTE3 HA EJIEKTPOHHU CXEMU C
NOBHUIIIEHa MHOTO(YHKIIMOHATHOCT BKJIIOYBA B ce0€ CH JIBAa OCHOBHU €Tara.
® BBBEK/IAHE, ONHMCAHUE U CUHTE3 HA IPOEKTA.

e HacTpoWKa U BepuduUKalys Ha MPOEKTA.
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OOma ocoOeHOCT 3a JaBaTa e€rama NpeacTaBisBa u3mnoj3BaHeTto Ha HDL-
0a3upaHu cpelCcTBa, KOUTO B PAMKHTE HA HAKOJIKO TOJWHHU IIIe CE MPEBbPHAT B
3aIBJDKUTEITHU U 1€ C€ U3I0JI3BAT OT BCUYKH MPOCKTAHTH.

Tesm cpencTBa  MO3BOJSIBAT J1a C€ HW3MOJ3BAT IUIATGOPMH C TOTOBH,
NPEIBApHUTEIIHO pa3padOTEHH KOMITIOHEHTH, B TOBa UYHCJIO | TaKHBa,
CBIBPKAIIM B ce0€ CU anapaTHU WK MPOTPAMHO H3TpaKIaHH Mporecop . Taka
00eMbT Ha TOTOBOTO MPOEKTUPAHO U BEPUPUITUPAHO arlapaTHOTO OCUTYPSBAHE
Ha pa3paboTBaHaTa cucTeMa Moxe Aa gocturae 10 80%.

[Ipu cpenctBara 3a pa3paboTka Ha MporpamHo o0ecrneueHue ce Ha0oJaBaT 1Be
TEH ICHLINU:

[IbpBaTa ce cBbp3Ba C aKTUBHOTO BHEIAPEHHE HA €3WIM 3a MPOrpaMUpaHe OT
Bucoko HuBO (C, C++). Ilpu Hes 3a BCsKa apXUTEKTypa Ce pa3BHBAT CPEACTBA
OT THITa Ha KOMITMJIATOPH ¥ CUMYJIATOPH.

Bropara TeHneHIMS ce CBBpP3Ba ChC Ch3JaBAHETO HAa METAc3uIU (Harmpumep
UML - Unified Modeling Language), mo3BoJisiBaiiy ONMKUCBaHE Ha MOCTaBEHATA
3a7a4a, a B TIOCJCACTBHE M TEHEpHpaHe Ha HEOOXOJUMOTO IPOrPaMHO
ocurypsisane [98]. CunHute cTpaHu Ha TE3W TEHACHIIMH IPOJHYABAT KOTaTo
KOJINYE€CTBOTO Ha JIornuecku Ki1eTku B FPGA nagxsbwpsm rpanuiara ot 100000.
Te mo3BoyBaT HM3IMOJ3BaHE Ha aOCTpaKIUW W aBTOMATH3WpPaHU IPOIECH 3a
peanu3upane Ha IpeOHNUTE IeTaliIM Ha MPOEKTA, C KOETO CE MMOCTUTa YCKOPCHHE
Ha TEXHOJIOTHHTE 32 aBTOMATH3WPAHOTO IMTPOSKTUPAHE Ha SJICKTPOHH YCTPOHCTBA
U W3BEXKJAa CHIMHOCTTA HA MPOIleca Ha MPOEKTUPAHE 10 HUBO HA YHUBEPCAJICH
KOHCTPYKTOp Ha €JeKTpOHHW MoOJenu. Taka ce TOCTUTa HamalsiBaHE Ha
BB3MOJKHOCTA 32 TTOSIBA Ha TPEIIIKHA M CE€ ChKpaIaBaT CPOKOBETE 32 BHEAPABAHE.

1.4.1. Pa3Boiinu cpeaCTBA 32 NIPOEKTHPaHe

VYBenmuuenata MHOro(yHKIMOHATHOCT Ha BrpaneHu cuctemu (BC), mpeBbpHa
HEOOXOUMOCTTa OT TSIXHOTO MPOEKTHpaHe, BepU(HKalusi U HACTpOiiKa B
NPUEMIIMBU CPOKOBE B cepuo3eH mnpoOsem. OueHKUTe Ha TO3W MpoOieM
NOKa3BaT, Y€ KbM MOMEHTa (pyHKUIMOHAJIHATa Bepu(UKalKg M HacTpoMKara
3aemMatr 10 80% OT BpeMmero 3a M3roTBsiHE Ha MpoekTa. ToBa Hamara
CBH3JaBAaHETO Ha HOBH CPEJCTBA 32 aBTOMATHU3aIMsl, KOUTO OCUTYPSIBAT W3IS0
UHTErpupaHo npoektupane. OT TIX ce U3UCKBA OCUTYpsIBaHE HA Bb3MOKHOCT 32
€IHOBPEMEHO TMpPOBEXKJAaHE Ha pa3paboTKa, MPOEKTUpaAHE, TECTBAHE,
BepHU(HKallMs U HACTPOMKa Ha MpoTrpaMHara U armapaTHaTa yacT Ha MPOEKTa B
paMKHUTE Ha LEenHs LUKBI Ha npoektupane Ha BC, oT mued no peanmsanusi.
Taka, cpimHocTa Ha npoekTupaneTo Ha BC ce u3mecTtBa ot ob6sactra Ha RTL B
Ta3u Ha NporpamHuTe AeHOCcTH. ETO 3amo KbM METOAWTE U CpencTBaTa 3a
NPOEKTUPAHE Ce MPEASBIBAT M3UCKBAHU 3a 1010 OpsiBaHe, YChbBBPILCHCTBAHE U
Ch3JlaBaHE HA HOBU METOJIWKHU W Tporpamu. [lpakThueckara peanmusanusi Ha
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TE3U W3UCKBAaHUS  MPEACTaBIsIBA KOMIUIEKCHUAT IMOJXOJ 3a MPOEKTHPAHE.
HeroBoTo mpuiarane HamansiBa puUCKa OT TpEIIKA, BB3HUKBAIIA IPU
€THOBPEMEHOTO Ch3/1aBaHE Ha araparHa U MPOTrpaMHa YacT Ha MPOEKTHUPAHUTE
BC. Toii mo3BoisiBa M3IOJA3BAHETO Ha aOCTpPaKIWM OT BHCOKO HHUBO H
npenBapurenHo paspabortenu [P kommonentn Ha cuctemara. OcurypsiBa
UHTErpalys ¢ MpOrpaMHOTO OCUTypsiBaHE paOOTEIIO HA IO HUCKUTE HUBA.
[lonqoOHM W3MCKBAaHUS MOTar Ja ce OTKPUAT B cucTeMHuTe 3a paszpoir Mico
System Builder na ¢upmara Lattice [33], Quartus Il na Altera [32], ISE u
WebPack na Xilinx u ap.

3a pazpaboTtkara Ha npoektu Ha 0a3zara Ha FPGA npubopu, Xilinx npensnara
pa3nMyHU CcpeacTBa M IUIaTGOopMHM 3a TO3BOJSIBAIIM M3IOJ3BAaHETO Ha
uHcTpymeHntanmau cpenctea oT tuna MATLAB/SIMULINK nHa dupmara
MathWorks, System Generator u uHTerpanus cbc CpecTa 3a pa3Boil Ha Ipyru
EDA mnpousBoautenn karo Synplicity u Mentor Graphics. Xilinx otnens
BHHUMAaHME U Ha pa3paboTKara Ha B3aMHO JIOITBJIBAIIMA CE€ TEXHOJOTHH.

3a mpoeKkTHpaHe Ha BrpaJieHd MUKPONPOLIECOPHHU cucTemH, XilinX mpenasara
cpenara Embedded Development Kit (EDK). Ts moamomara paspaboTkaTta u
HACTpoOMKaTa Ha amaparHaTa M MporpamMHara 4acTd Ha MHKpPONPOLIECOPHU
cucteMu, noysBanm sjapara MicroBlaze wim PowerPC mpu Brpaxnane B
cemeiictBara Spartan u Virtex. Cpenara noaabpixa Bb3MOXKHOCT 332 ChbBMECTHA
pa3paboTka W HacTpoWKa Ha MporpamMHaTa M amaparHata 4acTM M TsICHA
MHTErpaiusi ChC CTaHAapTHUTE cpencTBa 3a pazpadorka ISE WebPack u ISE
Foundation, nputexxaBa Oubimoteku cbabpxaum [P sapa Ha pazmuuHu
KOMIIOHEHTH, KaKTO M BB3MOXKHOCT 3a BepH(UKallMs Ha amaparHaTa 4acT B
cpenara ModelSim. Xilinx He mpeziara crieruaHg cpeau 3a pa3paboTka Ha 8
pa3psiAHUTE BrpaJiecHn cucteMu, Oasupanu Ha sapoto PicoBlaze. 3a
pa3zpaboTKara Ha anaparHara 4acT C€ M3I0JI3BaT MHCTPYMEHTapuyMa Ha MakeTa
Webpack. Karo cpenctBa 3a paspoii Ha 1O ce mpeasara camo acemouiep. 3a
NpoBEpKa M HACTpOWKa ce moi3Bar uHrerpupanute cpeau pBlazelDE wnu
openPICIDE. Te ce mpennarat ot Tpetu pupmu. B Ta3u Hacoka, peanm3upaHeTo
Ha TpoTpamMHa cpeja 3a aBTOMaTH3UPaHO NMPOCSKTUpaHe Ha BrpaacHu, PicoBlaze
0a3vpaHu CHUCTEMH, MOCPEICTBOM MPENCTABSIHETO UM BBHB (opMa C MOBUILICHA
CTENeH Ha a0CTPakTHOCT, MMa CBOETO MSCTO M 3HAa4eHWE B TMpolleca Ha
aBTOMaTH3allMs Ha WH)KEHEPHUS TPY/I.

1.4.2. CpeacTBa3a Bepupukanus

[IpobniembT ¢ BpemeTo 3a pyHKIMOHATHA BepudUKalMg U HACTpOWKa J100uBa
U3KIIIOYUTENIHA aKTYyaIHOCT B CJIydyauTe, KOraro 3a o0cienBaHe Ha pa3padoTKa,
BKJTIOYBAIIIA €THO WX HAKOJKO MUKPOIIPOIIECOPHH AIpa, PA3MOJIOKEH! Ha €IUH
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KpUCTaJ C€ M3MO0JI3BaT OTACIHM CPEJICTBA 3a alaparHara U MPOTpamMHUTE i
MOTYJIH.

CBBpeMEHHOTO pa3OupaHe 3a MUHUMHU3HpPAHE Ha BPEMETO 3a Bepuduxamms u
HacTpoiika ce Oa3upa Ha METOJOJIOTHS, KOATO TMO3BOJISIBA E€IHOBPEMEHO
MpOBEXKIaHe Ha pa3paboTka, BepudHUKalUsI U HACTPOWKa Ha MPOTrPaMHOTO U
arapaTHOTO OCUTYpSBaHE Ha BCUYKM €Talu Ha pa3padoTKara, KaTo ce 3alo4yHe
OT UESITa U ECKU3HOTO MPOCKTUPAHE 10 camara Gu3uvecKa peaanu3aius.

T4 moj3Ba €3l U MHCTPYMEHTH 3a OINMCAHME U T€HEPUpPAHE HA MOJENM Ha
MPOIIECOPHH S7pa W MEpUPEPUTHN YCTPOMCTBA, M3TPAXKIAaHU B PAMKUTE Ha
kpuctana. llogabpka WHTErpaiusi Ha BBHIIHU KOMIIAJIATOPH, CHUMYJATOPH,
CHHTE3aTOpH, CpenicTBa 3a penaktupane u HDL e3unum . Jlonmycka n3noa3BaHeTo
HAa MOJend OT BHCOKO HHMBO. I[lo3BoJisiBa pasmapasnenBaHe Ha paboTara u
W3I0J3BaHE HA BBHIIHM YCTPOMCTBA 3a CUMYJAMsl U 3a BU3YyaIu3alus.
OcurypsBa Oe3lIeBHA UHTErpaIUsl ¢ MIPOrPaMHOTO OCUTYpsiBaHE, pabOTeIo Ha
Hal-HUCKHA HUBA. B3aumoielicTBa C BbHIIHU anapaTHU CUCTEMM.

Ta3zu MeTo10I0THS TapaHTHPa Ha IpoeKTaHaTHTe Ha Brpanean FPGA Gazupanu
CHCTEMH 3HAYUTEITHO YCKOPEHHE Ha Mpolleca Ha BepudUKalUsg U HACTPOMKa Ha
MPOTrPaMHOTO U alapaTHOTO OCUTYPSIBAHE.

1.5.00001mI€HNSA 1 H3BOIHU

Bb3MokKHOCTTa Ha €HA €IEKTPOHHA CXEeMa Jia M3MbJIHABA HIKOJKO Pa3U4HU
(GYHKIMM TpencTaBiisiBA OCHOBHMSAT aTpuOyT, KOWTO ompenens HeWHaTta
MHOTO(YHKIIMOHAMHOCT. [lokazaHo e, dYe CTPYKTypHUST W3JMIIBK U
YBEJIMUYEHUAT Opoi Ha HHTETPUPAHUTE EIHOTHIIHU €JIEMEHTH, Hapen C
pa3BOMHUTE CpECTBA 3a MPOEKTUPAHE CE€ ABSBAT OCHOBHUTE (PAKTOPU, KOUTO
ONpPENEIT MHOTO(PYHKIMOHAIIHOCTTA HA €JIEKTPOHUTE CXEMHU.

Pasrnenana e pomsita Ha mpenporpamupyemure cxemu ot tuna FPGA 3a
MNOBUILABAHE HA MHOTO(YHKIIMOHAIHOCTTA Ha €JIEKTPOHHUTE CXEMH U TAXHOTO
U3MO0JI3BaHE B CUCTEMU C KPUTUYHU MPUIOXKEHHUS, PAOOTEI B €KCTPEMATHU
YCJIOBHUSI, - aTOMHA €HEPreTHKa, KOCMUYECKH arapary, I TPaHCTOPT U JPYTH.
[loka3ana e Bp3MOkKHOCTTA 3a u3noa3BaHe Ha FPGA mpubopuTte karo cpena 3a
U3TpaXaaHe Ha Pa3IMUHU IO CJIOXKHOCT U OBP30ACHCTBUE MPOLIECOPHU AIpa U
SoC. Ilocouenu ca neHUIIUN HA IOHATHSATA ,,BIPAJICH MpoLecop” U ,,BrpajieHa
cucrema”. llokazaHa e HEOOXOAMMOCTTa OT M3IOJ3BaHE HA ChBpPEMEHHATa
METOJIOJIOTHSL 32 NMPOEKTUPAHE U CUHTE3 HA EJIEKTPOHHHU CXEMH C MOBHILEHA
MHOT'0()YHKIIMOHATHOCT OT BUCOKO HMBO Ha Oa3ara Ha e3urin VHDL u Verilog.
Pasrnenanu ca TeHaeHIMTE npuU pa3paboTKa Ha amapaTHOTO WM MPOTPaMHOTO
obecrnieueHre, KOUTO pa3mUpsABaT (PYHKIMOHATHUTE Bb3MOKHOCTH, HaMaJlsiBaT
BB3MOXHOCTa 3a II0sBAa HA TPEIIKM W ONpPENeiiIT HeoO0X0AUMOCTa OT
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n3nomsBanero Ha HDL-0asupanm cpeacTtBa 3a IENIMTE Ha MOJCIMPAHE H
BepupUKaIusl.

HanpaBeHn e mpersien Ha pa3BOMHM CpeACTBa 3a NPOEKTHPAHE Ha BrPasieHU
cuctemu Ha ¢upmure Lattice, Altera u Xilinx mpemmaranm FPGA mpubopwu.
Ot6ernsa3aHo € HAIMYUETO Ha HM30CTaBaHE HAa Bb3MOXXHOCTUTE HA CpElIUTe 3a
m3rpaxaane Ha BC cnpsiMo Te3u Ha cpeacTsara 3a IpOEKTUPAHE.

Omnucann ca moKa3aTeaM Ha CpEeACTBAaTa 3a MPOEKTUPAHE Ha BrPaJcHU
MHUKpOTIpoIiecOpHr cucTemu ¢ sigpara MicroBlaze nmmn PowerPC, npemiaraau ot
Xilinx, mpu BrpaxkaaHe B ceMmeiicTBaTa Spartan u Virtex.

[locoyeHo € OTCHhCTBUETO HA cpefia 3a pa3paboTka Ha § pa3psiAHUTE BrpaJeHU
cuctemu, 6azupanu Ha anpoto PicoBlaze B cpeactBara 3a paszBoit Ha Xilinx.
OO6ocHOBaHa € HEOOXOIUMOCTTa OT Ch3J]aBaHE Ha CIEIUAT3MpaHa anaparHo -
nporpaMHa cpeja 3a aBTOMaTH3MpaHO MpOEKTHpaHe Ha BrpaaeHu, PicoBlaze
0a3upaHu CHUCTEMH, KOSITO ChIbpXKA aPXUTEKTYpPHHU aOCTpakIUH, 0OXBalalH
BCUUYKU OOEKTH OT HHCKO CHUCTEMOTEXHHUYECKO HUBO 10 T€3H OTrOBapslM 3a
0OIIyBaHETO C MOTPEOUTEIS.

I'1aBa 2 PaspaborBaHe Ha mporpaMHa cpejaa3a cuHTe3s Ha PicoBlaze
0a3upaHu yCTPOMCTBA.

[IponechT Ha MpoOEKTUpaHE HA 3aBBPINCHH, arapaTHO-MPOTPaMHU BIrPaJICHU
CHCTEMH, WU3MOJ3BAIKM KaTo cpena 3a peammsupane FPGA mpuGopw,
NpEICTaBIIBAa MHOTOIUIaHOBa 3anava.KilacH4ecKuaT alropuTbM 3a TsAXHATa
pa3paboTka € nmokazaH Ha ¢urypa 2.1. To3u aropuTsM ce moja3Ba OT MHOIO
NPOCKTaHTH, HO HE OTpa3sBa €rama Ha TpeaBapurenHata oOpaboTka Ha
U3UCKBAHUATA U OCOOEHOCTUTE Ha peanm3upanusi nNpoekt. [lpu mpoexTtu c
MaJiKa CJI0OKHOCT MPOEKTHPAHETO CE IToeMa OT €UH U3IBIHUTEI. B ocTaHanmTe
CIydau JCHWHOCTHUTE C€ IIoeMar OT TPH eKuIa. EXVMHHUST OTroBaps 3a BrpaJcHUs
npoIiecop u HeoOoxoauMaTa nepudepus, BTOPUAT 3a TPOTPAMHOTO OCUTYPSBAHE,
a TPETHST 32 U3TPAKIAHETO HAa HEroBaTa JOTUCTUYHA Cpea.

3a momoOpsBaHe Ha Mpolleca Ha MPOCKTUpPaHE Ha BIPAJICHH CHUCTEMHU €
HE0OXO0IMMO H3MOJI3BAaHETO Ha KOMIUIEKCEH Moaxo. To# TpsioBa ga o6eauHu
TpaJAWIIMOHUTE armapaTHX W MPOTPaMHU CHCTaBAIIM HA cUCTeMara B HAOOp OT
ApXUTEKTYpHH aOCTpakilMd, KOWUTO Ja OOXBaHAT ISUIOTO TMPAKTHUECKO
pa3zHoOOpa3ue OT MOTEHIMAIHO BH3MOKHUTC BapHaHTH HA apXUTEKTypara U
uHppacTpyKTypara Ha pa3paboTBaHaTa cucTeMa. HeroBoTo mpmiarane
MO3BOJIIBA HW3MOJI3BAHETO HAa TOTOBHM amapaTHO MPOTpaMHH IwiatrGopmH,
yaudunmpa cb3gaBaneto Ha HW wmw SW kxoMmmoHeHTH W KaHaIM3HWpa
IPOCKTUPAHETO Ha BrPaJICHA CUCTEMH B CJICTHUTE HAITPABJICHUS :
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H3rOTBSHE HA ChCTABAHE HA
ANAPATHO nporpaMuo
onncanue ocHrypsiBane

Qurypa 2.1. OnpocTeH anropuThM 3a pa3paboTka Ha MPAKTHIECCKH MPHUIIOKEHUs 0a3upaHu Ha BIpaicHN
nporecopu

pasButHe Ha TexHojorunute 32 HW/SW co-design;

MOBTOPHO M3II0JI3BaHE Ha KOMITOHEHTH;

MIPOBEpKa 3a IOCTOBEPHOCT U BEpUDUKAIIHS;

Ch3JaBaHC Ha CpEIACTBA 3a MOJCIUpaHe Ha HeQYHKIMOHAJIHH CBOWCTBA
(HameXKHOCT, KOHCYMHpaHa MOIIHOCT, TabapuTH U Jap.);

Te3u HampaBiieHuss Gopmupar (QyHKIIMOHATHOCTTAa HAa CHCTEMara W IMOKa3BaT
HEOOXOAMMOCTTa OT TNPOEKTHpaHE C H3I0J3BaHE HA HE3aBUCUMHU CIIPSIMO
erleMeHTHaTa 6a3a abCTpPaKIMKU OT BUCOKO HHUBO.

2.1. Ilporpama 3a npoextupane Ha PicoBlaze 6a3upanu cucremun

B kauecTBOTO Ha OCHOBa 3a M3rpaKJAaHe Ha Mporpama 3a aBTOMAaTU3HPAHO
npoektupane Ha PicoBlaze 6Gasupanm cuctemMu € W3Mo3BaHa Ch3JajcHaTa B
UIITN-PAH Teopus 3a manku npeamerau obnactu (MIIO) [67,68]. ChriacHo
Ta3u TEOpHUs, PEIIEHUETO Ha €IHa  3ajJaya MOXE Jla C€ MOJy4yd upe3
npeCcTaBsHE U MOJIEIMpPaHe B aOCTPAKTHO MPOCTPaAHCTBO, opmupano ot MIIO.
Ta3u Teopus rapantupa TpaHc(POpMHUPAHETO HAa OE3KpPaHOTO MHOKECTBO OT
3aj1auu B KPaHO MHOXECTBO OT B3auMHO HezaBucumu MITO [67].
N3non3BaHero Ha Ta3u Teopus npu pazpaborBaHeTo Ha PicoBlaze 6azupanu
CUCTEeMH W3HUCKBa Hammuue Ha HezaBucumu MIIO monymu. 3a moka3BaHe Ha
He3aBHUCUMOCTTa Ha oTAenHuTe MIIO Moy, U3MOA3BaHU MIPU U3TPAKITAHETO
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Ha PicoBlaze 0a3upanu cuctemy € M3MOJI3BaHAa MaTeMaTHYeCKaTa KOHIICTIIIHS
“anreOpuynHa cuctema’” [50,51].

ToBa e abcTpakTHa KOHCTPYKIIMS, KOSTO TMO3BOJISIBA OOXBAllaHE Ha ISJIOTO
MHOT000pa3ne Ha OTIIMYUTEITHUTE OejIe3U Ha BCCKU CIMH YJICH Ha MHOKECTBOTO
ot MIIO.

ITlo omnpenenenue [49], mpencraBara 3a ajareOpWyHa CUCTEMa C€ JaBa Karo
nojapeieHa TpoiKa 0OEKTH :

U=(AO.Op

Kvoemo ¢ U e o3nauenuemo 3a ancebpuuna cucmema, A e mHoxicecmeomo,
8bPXy Koemo e onpeoenena ancedbpuunama cucmema, Of e MHOMCecmeo om
onepayuu, deunupanu 6 A, O, e MHOdICECMB0 OM 02paHUYEHUS 0ePUHUPAHU 6
A. Ilo onpeoenenuel[48],, mnosicecmeo ce napuua obedunenue Ha npeomemu,
OaHHU OM ONUMU UIU OpYeU 0DeKmu HA MUCTIEeHemo, eOHO3HAUHO OnpeodeieHu
upe3 depuHUpanu Ycio8us, NPUSHAYU U CBOUCMEA.

OCHOBEH €JEeMEHT, €IHO3HAYHO ONPEACIHI ChIIECTBYBAaHETO Ha €IHa
anreOprUYHa CUCTEMa € MHOXECTBO (HapU4aHO OIe KaTO HOCHUTEI), B PAMKUTE
Ha KOETOo ca Je(hMHUpaHU BCUUKH allapaTHU 0COOEHOCTHU, BXOJHU Bb3ACHCTBUSA U
U3XOJHU PEaKUUU Ha MOJEIMpaHara cureMa. B 3aBUCHMMOCT OT TEXHUST THII,
poJIsiTa HA HOCUTEN 32 €IHA pealiHa areOpruyYHa CHCTEMa MOYKE J1a C€ U3ITbJIHSABA
OT MHOeCTBOTO Ha peannute yucia{ R }, MHOkecTBOTO Ha ienute yucia { Z },
MHOXECTBOTO Ha KoMiulekcHutre uwcia { C } wim HIKOM OT TeXHUTE
NOJMHOXeCTBa. Taka, ChOOpa3HO YCJIOBHATA 3a CHIIECTBYBAHE Ha areOpHyHa
cucteMa, u300pbT HA HOCUTEN €HO3HAYHO OTIPE/Iessl TUIa HA MaTeMaTUYECKUTE
OIepanuu 1 JOTHYECKUTE OTHOIICHHUS.

B xoHKkpeTHUs ciydaii, IpeABU TUIA U XapakTepa Ha rpaJuBHUTE OJIOKOBE Ha
pa3zpaboTBaHaTa cUCTEMa, TUIIHT Ha HOCUTENS TPsAOBa a O'bJie MHOYKECTBOTO Ha
neaure umcia { Z }. CrnemoBarenHo, Bceku eauH ot MIIO momynurte e
IpecTaB/siBa aNredOpuyHara cucTeMa OT LIEJIOYUCIICH BUJ U ILE CE OIMKUCBA C
u3pasa :

UeZ Z: 2y

BbB BCHUYKM OCTaHAIM Cllydyad MPEICTAaBSHETO CE SBSIBAa HEKOPEKTHO, 3aIll0TO
W3UCKBAHETO 3a 3aTBOPEHOCT HA MATEMATHYECKUTE OIepaluyd HIMa Ja ce
CBHOJIIO/1aBA U IIIE CE MOJTyYU TPOTUBOPEYHE C IMOCTYJIATUTE 32 CHIECTBYBAHE HA
anreodpa.
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To3u m360p aBTOMATUYHO ONPENENsS ChIBPKAHUETO HA MHOMKECTBOTO Zj,
BKJIIOYBAIIO IIpaBMjiaTa 3a JEHCTBHE HA KOHKPETHHMS MOAYN, C OTJE
pean3upaHeTo My KaTo peanHo (yHKIMOHHPAIIO YCTPOHCTBO.

Ilfo ce oTHAacst OO MHOXKECTBOTO OT OrpaHMYCHHs Z, TO CE IeHepupa OT
cnenudrKaTa Ha KOHKPETHMAT MOJIYJI M BKIIOYBA B Ce0€ CHU BCUYKHM OHE3H
0COOEHOCTH, KOMTO MOTIarT [a Bb3HMKHAT IPHU MPAaKTHYECKOTO Pealn3upaHe Ha
eHa CUCTEMA.

Taka ce cTura J0 reHEPHPAHETO HA JBE HOBU MHOXecTBa. 7 { M Zp(:

OTpa3sBaIlli TpaBWJIaTa 3a JIEHCTBHE M OTPAHMYCHHUATA HA MHOXKECTBOTO OT
MIIO monymu. Te3um MHOXECTBa ca B3aMMHO HE3aBUCHMH, KOETO IMO3BOJISIBA
npuiaraseto Ha Teopusata Ha MIIO 3a renepupane Ha PicoBlaze 6asupanu
CHCTEMH.

HeiinoTo mnpumarane B pa3paboTBaHaTa CHUCTEMa IIO3BOJIIBA Ja M3IOJI3Ba
HW/SW co-design Ha cucTeMHHTE KOMIIOHEHTH, U3BBPIIBAHE HA IPOBEPKH 32
JIOCTOBEPHOCT W BepU(UKAIlMA M TOBTOPHO H3IOJ3BaHE HA MPEIBAPUTEITHO
CB3JaJICH U TMPOBEpeH KoJ. Taka ChIIECTBYBAIlM MPOEKTH MOTar Ja ce
pasumpsBar wiM Moauduupar 6e€3 MOBTOPHO MojeaupaHe. EmumuHupar ce
BCUYKH, He3a0elnekMMH B HaJaJIHUTE €Tald Ha  IPOCKTHPAHETO
HEOMPEEICHOCTH, YUUTO MOCTESICTBUS C€ OTKPHUBAT €/1Ba B TIOCJICIHUTE CTaIUN
Ha TIpolleca Ha NMpoeKTUpaHe. Taka ce MocTHUra MUHUMHU3MpaHe Ha Opos Ha
pEKypCUUTE, BB3HMKBAIKM B TIpollcca Ha IPOCSKTHUPAHE, KOUTO OMPEICISIT
HEroBara MPO bJHKUTEITHOCT.

2.2. M3rpa:xaaHe Ha cpe/ia 3a aBTOMaTH3HPpaHo npoekTupaHe Ha PicoBlaze
0a3MpaHU CUCTEMU

[lo ompeneneHu NpUYWHY, BBIPOCHT 34 MIBIHO aBTOMATU3UpaHE HA HAYATHUS
eram OT MpolleaypaTa 3a MPOEKTUPaHEe Ha BIPaJlCHH CUCTEMH HE MOXKE Jia ce
OCBIICCTBH IAJIOCTHO M CC HM3BHPIIBA OT CHUCTCMHHUS HHIKCHCD. OcTanammre
aCTIEeKTH OT MpOolieca Ha MPOEKTUPAHE HA BrPaj€HU CHUCTEMHU, OTHACSIIHU CE JI0
JOTUCTUYHA Cpela, MPOTPAMHO OCHTypsiBaHE M Bepu(DUKAIUsA, TPEIBH]
UTEPATUBHUAT MM XapakKTep M Pa3IMIHUTE IEJIeBH (PYHKIMHU, TpECclieaBaIiu
crienuPUIHU 3a BCSAKA €IHA OT TIX IIEIM, MOXE Ja C€ peau3upa 4YacTUIHA
apTomMaruzanus. Crenpaimara TPyAHOCT, Bb3HUKBAIA MPU U3TPAXKIaHE HA €1HA
cuctema, Oa3upaHa Ha BIpaJICHH MPOLECOPH, MPEJCTABISIBA ChCTAaBIHETO Ha
KoH(purypaimmones ¢aiyi, KOUTO OTpa3siBa OMMUCAHUETO HAa BPB3KUTE MEKIY
OTACIIHUTC KOMIIOHCHTH W MOJAYJIM Ha CHUCTCMATa, IO/ (1)0pMaTa Ha TEKCT B
TEPMHUHUTE HA €3UK OT BUCOKO HHBO.

Marpaxmanero Ha TO3W (hail, MpeACTaBiIsgBa 3aaada Mpeapasmojarainia KbM
BB3HUKBAHE Ha TPEIIKH, YMETO OTKpPUBAaHE CTaBa €Ba B TMpolleca Ha

ABmopegepamu na ducepmayuu 1 (2015) 21-56



41 Bnagnmnp NeaHoB

CUHTE3UpaHEe Ha MpoeKTa. ENWH OT MoaXxouTe 32 MUHUMU3HMpAHEe Ha OpOsT Ha
TPELIKUTEe TPH BBBEXKIAHE € >KEJATeIHO CHCTaBSHETO HA CKHUIA WM IThJHA
cxeMa Ha pa3pabdOTBaHWUTE BPB3KH, KOWTO Ja MOANOMArar Ch3JaBaHETO Ha
daiina.

TAXHOTO HaMMYWE MO3BOJIIBA HA MPOEKTAHTA J1a 00XBaHE W MPOCJEIH IsiiaTa
CBIIHOCT Ha cHUCTeMaTta camo ¢ eauH mnorjien. DopMmynupoBkara Ha
KOHIICTILIMSATA, 3aJleTHala B OCHOBATa Ha MpeasiaraHusl METO]| 32 aBTOMaTHYHO
reHepupane Ha ¢aiii, chIbpIKalll ONMMCAaHUEeTO Ha BrpajaeHa, PicoBlaze 6azupana
CHUCTeMara Ce€ CBEXKJIa J0 HEMOCPEICTBEHO OINHMCAHWETO Ha CHUCTeMara OT
HeifHata OnokoBa cxeMa. ToBa HM3UCKBAa HAIMYUETO HA MPEIBAPUTEITHO
dbopmupano MHOXecTBO, chbabpikamo otaenaute MIIO. ToBa MHOXECTBO €
dbopmupano Ha aHamu3 Ha ¢BOOOAHO mpemiaaranute oT XiliNX wmu ommcanu B
nuteparypara npoektu [/0-74].

3a BCEKH €UH OT Te3U MOy Oe pa3paboTeH ChOTBETEH rpaduueH NPUMHUTHUB,
KOWTO MO’Ke€ J1a C€ M3I0JI3Ba B CPEIUTE 32 BbBEXKAAHE HA €IEKTPOHHU MIPOCKTH.
OOenuneHnu ca B 6nbamoTeka, ohopMeHa ChOOpa3HO M3UCKBAHMATA Ha cpeaaTa
OrCad. bubnuoTekara He € 3aTBOPCHA U ITPU CIIa3BaHe Ha OTPECIICHU MpaBUiia
KBbM HEsl MOTaT Jia c€ J0OaBsIT U IPYTry MOTYJIH.

['paduunnTe MPUMHUTHBH HAa OCHOBHHTE MOJYJIM HW3MOJ3BaHU B Tpolieca Ha
Ch3J1aBaHE HA pa3pabOTBAHUTE CHCTEMHM ca IMOKa3aHW Ha gurypa 2.5.

— reset bram_enable — s Selki[7:0]
o imstriction] 17:0]  address[11:0] ] viart tx_data in[7:0]
—t jn_peort[7:0] port_id[T:0] N .
interrupt out_port[7:0] —— Read B uart i data out]7:0] p—
write:_strobe — Wrrite B Status_Pori[T:0] [
<k read_sirobe — k_write_strobe Tx_ Out

— sleep interrupt_ack

— clok

k_write_strabe

En_léx

kepsm kepsmé UART
— Intrpt_[nput address[11:0] instruction 17:0]
— Clk Intrpt Outp enable
— Intrpit_Ackn oIk rdl
Interupt_cntrl PROME

Qurypa 2.5. I'paduuHN IPUMUTHBE HA OCHOBHHU MO Iy JIH.

M3non3BaHero Ha TOBa MHOXECTBO 3a pa3paboTka Ha BrpaneHa PicoBlaze
O0a3upaHa cHUCTeMa, € WIOCTpUpaHo Ha ¢urypa 2.6. moka3pama rpapuaHOTO
npeicTaBsiHE Ha CTPYKTypHaTta cxema Ha BrpajgeHa, PicoBlaze 6a3upana
cucrtemara, peanmmsupana B cpenara OrCad.
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Henoctarpk Ha Taka reHepupanus Qaiia npeacTaBisgBa MoIpOOHOTO OMUCAHUE
Ha BPB3KUTE B MAarucTpaluTe NpUChCTBAUM B u3paszure Port Map. ToBa He e
npo0OJieM 3a pabdoTara Ha KOMIWIATOPA, HO CUJIHO 3aTPYAHSIBAa HETOBOTO PBbUYHO
U3CJIE/IBAHE.

PazpaboTenara nmporpamHa cpefa eIMMUHUpPA TOBa HEyA00CTBO. T4 pemyiupa

HEroBus oOeM U ro mojaBa KbM cpenara 3a padbora ¢ FPGA npubopu
(WebPack).

Qurypa 2.6. I'paduuno npencraBsHe Ha BrpajacHa, PicoBlaze-6 6a3upana cuctema.

3a mnpaBuiHata paboTa Ha paszpaboteHara cpena, Bceku MIIO momyn e
OKOMIUIEKTOBaH CbC ChOTBETHOTO VHDL omnmcanne Ha anmaparHara My 4acT U
aceMOJIepCKU JIpaiiBep KbM HETO.

Te3u onucanus, 3aeqHO ¢ OuOIMOTEKara ¢ rpaUYHU NPUMHUTHUBH TapaHTUpPAaT
npaBUIHATa paboTa Ha MporpamMHara cpejia 3a aBTOMaTU3UPaHO MPOEKTUPAHE HA
Brpajaenu PicoBlaze 6a3zupanu cuctemu.

[lo TOo3u HauuH, KOHUENMATa 3a u3noia3Banero Ha MIIO 3a u3rpaxnane Ha
Brpajaenu, PicoBlaze 6azupanu cuctemu, ce cBexaa 10 aropuTbma NpeICTaBEH
Ha ¢urypa 2.7. PazpaboreHara mporpamMHa cpeia BKIIOYBA B T'€HEPUPAHUS
koH(purypamumonen ¢aitn 1 UART monyn xolTo ocurypsiBa Bb3MOXHOCT 3a
KOMYHHUKAIlMsi C BBHIIHUA M peaylupa BpeMEeTo, HeoO0XoauMo 3a
Bepu(UKaLUsATa HA IPOEKTA.
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3a]aHKe 33
npoeKT
]

HITOTBAHE HA
ob1a enecH AL Symbol Ml“n: ;::;i;?:::;ﬂlﬂ psm
HA CHCTeMATa Library Library

L/ S

resHepupane Ha

- | Al 34 HITOTESIHE

HA *.psm mporpama

HIrOTBIHE HA

£ f1oKoBA CXEMA ,
HA CHCTeMATA .
1 : simulation (
reHepHpane Ha

KoHUrypaunonen KCPSM
haiin na cneremara Assembler
processor: kepsms

partmap|

address => address_signal,
instruction == instruction_signal.
out_port => out_port_signal,
read_strobe == read_strobe_signal,

Qurypa 2.7. brokoBaTa cxema Ha pa3pabOTeHAaTa aBTOMAaTH3MpPAHA Cpeja 3a reHepupaHe Ha BrpaaeHu PicoBlaze
0aszupaHu CUCTEMU

2.3.IlpoexTUpaHe HA BrpajieHH cucTeMH cbe cpeaara ViNi73A

PaGoTara ¢ mporpamHaTta cpena 3a aBTOMAardyHO TE€HEpHUpaHE Ha BIPafeHU
PicoBlaze 6a3mpanm cucTtemMu 3amouyBa C pa3apXMBHPAHETO B OMpeIecHa
TUPEKTOpUs Ha HeWHus nuctpudytuBeH (ain. Cren Ta3u omnepanus B
IupeKTopusiTa ce popMupar U3NbJIHUMUAT (aiin Ha mporpamara ViNi73A.exe u
nomouHuAT ¢aitn PicoBlaze EDK.rar. CtapTupaHero Ha M3IMBIHUMUSAT (Paiii
Npean3BUKBA OTBAPSHETO HA MPO30peELl, B KOWUTO TpsiOBa 1a ce BbBEIE UMETO Ha
paszpabotBanus mpoekt. [loa ToBa MMe cpeara ch3/1aBa eTHOMMEHHA pabOTHA
NOJITUPEKTOpHsT 3a TpoekTa u ctaptupa cpemara OrCad, B kosTto T €
reHepupaiga OJOKOBaTa cxemMa Ha MHHHMManHa BrpageHa PicoBlaze 6asupana
cuctema. Ta3u cxema ce sBsBa 3a MOTPEOUTEIIS MabJI0OH, KOWTO MOXKeE J1a Obae
POMEHEH WM JOMBJIHEH C IPYTH MOAYIIH ChOOPa3HO KOHKPETHUTE H3UCKBAHUS
KbM mpoekra. Clien HaHacsIHE Ha HeoOXoauMuTe poMeHH, nporpamara OrCad
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ce 3aTBaps MPHU KOETO cpejara reHepupa Mo JUPEKTOPUS C UMETO Ha MPOEKTA U
nporpamMara npekparsaBa cBosita pabora. C ToBa MpoLechT Ha MPOEKTUPAHE Ha
BrpajaeHa PicoBlaze 6a3upana cuctema e NpUKITIOYMIT U MOKE J1a C€ MPUCTHIIU
KbM HEHHOTO (PM3UUECKO peaTn3upaHe.

2.3.1. ®opmupaHe Ha iiepapXusiTa HA MPOEKTA

3a Ta3W 1EN € JOCTAaThYHO Jia ce cTapThpa (GailiibT ¢ pasmmpeHue *. Xise
HaMUpaI Ce B IO TUPEKTOPHATA C IMETO Ha MPOEKTa reHepupaHa OT Cpeara.
To3u daiin, ce reHepupa aBTOMATUYHO OT pa3zpaboTeHara cpena ChIAbpiKa
OmHCaHue Ha pa3paboTBaHUS MPOEKT CHOOPA3HO HM3UCKBAHUATA HA Cpeaara
WebPack. 3a mpaBumHara paboTta Ha Ta3u cpela KbM HepapXusTa Ha MPOEKTa
cienBa na ce J00aBAT aBTOMaTHYHO TEHEPUPAHUTE OT MporpaMara QaiimoBe
* PROM6.vhd u UCF _demo _file.ucf, namupamm ce B paboTHaTa TUPEKTOPUS
Ha MPOEKTA.

2.3.2. CuHTe3 HA NIPOEKTA

B mporeca Ha cuHTE3 OT M3XOJHUTE MOAYJIM Ha Tpoekta ce Gopmupa aii,
KOWTO CBhABPIKA LisJIaTa U3X0 Ha HHPOpMaIIKs, HE0OX0JuMa Ha IPOTPaMUTE 3a
MojenrpaHe U omnpoBojsBaHe. OCHOBHUAT pe3yiATaT OT erama Ha CHHTE3 Ce
sBsiBa (opmupanero Ha *. Dit daiin, B KOWTO ce chabp:ka mHDOpPMAIHS 3a
dusnueckara KOHQUrypauus, Ha MPOEKTUPAHOTO YCTPOUCTBO B YHUIIA.
AKTHBHpPAHETO Ha MpOIleca HA CUHTE3 CE€ CTAPTUPA OT IMOJETO Ha MPOIIECHUTE C
u300pa Ha koMaHaa Process/Run ot ocHOBHOTO MeHIO.

2.3.3. DyHKIMOHAJHA MPOBEePKA HA POEKTA

@yHKIIMOHATHATA MPOBEPKA HA IMPOEKTA CE€ OCBHIIECTBSIBA C IOMOINTAa Ha
MPEIBAPUTENHO TEHEPUPAHU TECTOBE. ['€HEpHpAHETO HA TECT 3al04Ba ChC
Ch3JlaBaHETO Ha (haill, B KOWTO Ce 3amuCBaT JKEJIAaHUTE BXOJHHU BBH3JCHCTBUS.
To#t ce renepupa OT cucTeMara KaTo maldJoH, B KOMTO c€ yKa3BaT BPEMEBUTE
CHhOTHOUICHUS HA BXOJTHUTE Bb3/ICUCTBUS.

2.3.4. IlporpaMupaHe HA MPOEKTA B YMIA HA KUTA

3aBwppIIBaIy e€ram OT Ipolleca Ha MPOEKTUpPaHE Ha €aHa BrpajacHa picoblaze
Oa3upaHa cucTeMa MpE/ICTaBIsIBA HEMHOTO 3apexaaHe B cTpykrypara Ha FPGA
gumna. 3a1enra ce u3Mnoj3Ba nporpamaTop, KOMTO ce BKIF0YBAa KbM ChOTBETHHUS
NOPT HAa KOMIIIOThpA U KbM CIEHUATU3WPAHWs BXOJ Ha Mporpamupyemara
miatka. B mposoperna Ha mporecu ce u3bupa mporeca Implement Design.
OTBapsi ce CTpyKTypaTa Ha TO3U MPOLEC U B MOSBWIATA CE€ IbPBOBHIIHA
CTPYKTypa ce cTapTupa NUKTorpamara, o3HaueHa kato Configure Target Device.

ABmopegepamu na ducepmayuu 1 (2015) 21-56



45 Bnagnmnp NeaHoB

2.4.00001mIeHUSA 1 N3BOIH

M3non3BaneTo Ha cpecTBa MPUTEKABAIIM TTOBHUILIEHA CTETIEH Ha aOCTPAaKTHOCT B
npolieca Ha MPOEKTUPaHe Ha BIPaJeHH CUCTEMHU C€ ABsIBa OCHOBEH (hakTop 3a
HErOBOTO Pa3BUTHUE, YCHBBPIIICHCTBAHE U aBTOMATHU3UPAHE.

Te oOe3mevaBar MO-BHUCOKA CTENEH HAa aJeKBATHOCT MEXIY MOJICIUTE Ha
eNIEMEHTHTE M3TpaXJal pa3zpaboTBaHaTa cucTeMa W HeWHarta (u3nyecka
peammzanusi. [IpenocTaBsaT Bb3MOKHOCT 3a aBTOMAarTu3alus Ha Tpolieca Ha
NPOEKTUPAHE, KaTo Ce 3arovyHe OT popManu3aiusiTa U TUIIU3AIUs Ha HadyaTHUTE
NPOEKTHU TPOIEAYPH, pazpaboTkaTa U U3CJICABAHETO HA MOJECIH, AITOPUTMH,
METOJIM ¥ CPEICTBATA 3a pean3allys Ha OTIEIHN MIPOEKTHU PEICHUSI.

B Ta3u riaBa e mpencrtaBeHa, pa3pa0OoTKaTa Ha aBTOMAaTU3MpaHa MpOrpamHa
cpema, MpeaHa3Ha4YeHa 3a MpoeKTHpaHe Ha Brpagenu PicoBlase 6Gasupanu
cuctemu. Pemennero Ha Ta3u 3amada ce Oasupa Ha Teopusta Ha MIIO wm
KOHIICTIIIMATA allre0OpUYHa CUCTEMA.

[lokazano e, uye Brpagenure FPGA Oa3upaHu cuUCTEMH NpPEICTaBISABAT
anreOpuYHu CUCTEeMH OT IiermouncieH Buji. [lokasaHa e MHoOroriaHoBara
CBIIHOCT ¥ TPAKTUYECKUTE acleKTH Ha IMpolleca Ha aBTOMAaTH3WPaHO
NpOeKTUpaHe Ha 3aBbplieHy, Brpaaenu FPGA 6azupanu cucremu. [IpencraBenu
ca 0cOOEHOCTHTE M MPAKTHUECKHUTE ACTEKTU Ha Mpolleca Ha MPOEKTHpPaHE Ha
BrpajieHu CHCTeMHU. Pa3paboTeH € 0000IIeH aJropuThM 3a aBTOMATU3HUPAHO
npoekTupane Ha BrpaaeHu PicoBlaze 6asupanu cuctemu. Ilokazana e
NpUYMHATA, TIOPAAU KOSITO HAYaJlHUTE €Talyd OT MPOEKTUPAHETO Ha BrpajieHU
FPGA O6a3upanu cucTeMd HE MOraT Ja Cce HU3BbpIIBAT aBTOMAaTH4YHO, 0€3
yoBellka HaMmeca. Pa3rienanm ca HauYMHUTE HW  HEOOXOJUMOCTTa OT
NpEIBAPUTEIIHO CHCTaBIHE Ha TpaQUUHU  CKUIM TPU U3CpaKIaHEe Ha
KoH(purypanuoHunus (aiin Ha Brpanenu Picoblaze 6azupanu cucremu.
Pa3paboTena e mporpamHa cpena 3a aBTOMAaTHYHO TEHEpHpaHE Ha
KOH(pHUTYparmoHHUs ¢aitt 1 mabioH 3a aceMOiepcKara mporpamMa Ha IpoIecopa
oT OJiokoBaTa cxema Ha paspaborBaHara cuctema. [IpuBenen e mpumep,
wiocTpupai paboTtara Ha pa3paboTeHata cpena 3a aBTOMAaTH3UPAHO
reHepupane Ha BrpajgeHu PicoBlaze 6a3upanu cuctemu.

I'naBa 3. Peasu3upane Ha MHKeHEPHU MPUJIOKEHUsI ¢ pa3padoTeHara
cpeaa.

3.1. Pa3zpadorka na MIIO moaysu
[Ipu renepupane Ha TPWIOKEHMs, peanu3upanu ¢ mnomomla Ha PicoBlaze

6331/IpaHI/I CHUCUTEMH, € BB3MOXKHO BB3HHKBAHCTO HA HGO6XOI[I/IMOCT OT
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nopaboTKa Ha ymnpasiisiBalliaTa mporpama Ha Mpoliecopa Win Ch3/1aBaHe Ha HOB
MIIO monayn.

3.1.1. Pa3paboTka Ha ynpaBJ/ifiBalla MporpaMa Ha npouecopa

MIIO moayna, chaBpIKal yIpaBisBaliaTa nporpamMa Ha mpoiiecopa, ce u3roTss
Ha acemOiep. 3a OCHOBa C€ WM3IO0J3Ba AaBTOMAaTUYHO TEHEPUPAHHS OT
nporpamara VINi73A ¢aiin *.psm. Tou ce Haarpaxma ¢ momMoina Ha TEKCTOB
penakrop. B kauecTBoTO Ha acemOiep ce m3moa3Ba nporpamata KCPSMé6.exe.
Tsa e Windows nipuiosxeHne, B YMMTO TIPO30Pell C€ U3BEKIAT CHOOIICHHITA U CE
N0OCOYBAa MSCTOTO HAa BB3HUKHAIM Tpelikd. Ta3u mporpaMa He MO3BOJISIBA
POBEKIAHETO Ha CUMYJTAIKs Ha pa3paboTBaHaTa mporpama. 3a CUMyJIMpaHe Ha
pa3zpaboTBaHaTa Tporpama ce wu3moiBaHero Ha cpegata pBlazIDE na
Mediatronix.

3.1.2. Pa3pa6orka na MIIO moaya SPI

Enun ot nnTep deticure, mpuaoOmiI Hali- MUPOKA MOMYIISIPHOCT ITPH U3TPaKIaHEe
Ha cepuiiHa KoMyHuKaust Mexay uumnose, € SPL. Toii e BbBezieH B ynoTpebda ot
Motorola 1 B MOMEHTa ce€ U3M0J3Ba B IPOAYKTUTE HA MHOT'O IPOU3BOAUTENH.
[Io cBosATa CHIIHOCT TOBA NPEACTABISABA HAU-NIPOCTOTO BKIIIOYBAHE, B KOETO
ydacTBar caMo JABa yuna. lIpu Hero, mpoTOKOJIBT 3a MpeJaBaHe Ha JaHHU I10
untepderica SPI e nmpeaenHo NpocT U MO CHILIECTBO € UACHTUYEH C JIOTUKATa Ha
paboTa Ha mpeMecTBalll PETUCTHP.

OCHOBEH MOTHB 3a HErOBOTO MPUCHCTBUE B OUONMOTEKaTa C TPaJAUBHU
eJIeMEHTH Ha aBTOMaTH3MpaHa cpefa 3a reHepupane Ha BrpaneHu PicoBlaze
0a3upaHu CUCTEMHU € BHUCOKO OBbp30j]eicTBHE, KOMyHUKaius B pexum Full
duplex, mpoct amapareH wuHTepdeiic W mporpamMHa peanu3alys, KakTo Hu
roJIIMOTO MHOTrooOpazue OoT nepudepHuitHd ycTpoicTBa HM3MOJI3BAIIM TO3H
unTepderic. 3a Tazm OuOIMOTEKa ca pa3padOTEeHH €NWH amapaTeH U JBa
nporpamMau SPI mMonyna. TexHuTe yclOBHM M300paXeHHs ca MOKa3aHU Ha
¢urypa 3.4.

— Adress[ T:0]
— Data_ In[7:0]
— | Miso
— |Wr En

| Sys Clk

alve melekt |
Mosi |

apiclek

Drata O] T:0)

Adress[7:0]
Data_In[7:0]
from_SPI_SOMIs[5:0]
Sys_Clk
Wr_En

to_SPI_CSlkts[5:0]

to_SPI_MOSIs[5:0]

to_SPI_CLKs[5:0]
Data_Out[7-0]

Multy_SPI_SW

Qurypa 3.4. Ycnosau usobpaxerus Ha SPI moxym
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Data_Out[7:0]
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Amnaparten SPI moayn

CrtpykTypHaTa cxema Ha MOJyJa € oka3zaHa Ha ¢urypa 3.5.

Enun noaxon 3a uarpaxaane Ha nporpamer SPI Moy, e npenioxkeno ot Ken
Yammman [46]. 3a yrpaBieHue Ha IpOTOKOJIa TOM M3I0JI3Ba ABa 8§ OMTOBHU IOPTA.
Ha Oa3zara Ha Ta3um mporpama B paMKHUTE Ha JHMCEPTAIMOHUS TPYyI ca
pa3paboteHu JBa mporpamHopeamnsupyemu SPI moayna ¢ pasmmpeHu
BB3MOKHOCTH.

ChIIHOCTTa HA OBpPBUA NPOTPaMEH MOJYJ CE€ CBEXIA 10 H3IOJ3BaHE HA
cBOoOOAHUTE OWTOBE B U3XOJIHMUS TOPT, 3a ACOLMHUPAHE CHC CUTHAIA 3a
paspelleHre Ha NOJAYMHEHH YCTpoHcTBa. ToBa mO3BOJIABA /1a CE€ MOCTUTHE
ynpaBieHue Ha 6 He3aBucumu SPI mpubopa, BKIIOUEHH MapajielHO camo C
100aBsSHETO Ha €IMH OTIEPATOP U IIECT KOHCTAHTH B KOJla HA Mporpamara.

< fdrse

fd vee i
o o . s o sselkt
=< <

sri16e

nm |

S)’S’Q”ﬁ‘?

gd | fdce ut2 w2
L D Q
" al| L1 ‘x_) o spick
inv lut2 lut2

st B ] S0
transmit AR { i :‘ o J|| o o
T owzo)

srl16e fdce

Rx_Dat(7:0)

T

sri6ece

Tx_Dat(7.0)|
oI P

LOAD.

inv

@urypa 3.5. CrpyxrypHa cxema Ha SPI momyna

ExBuBasieHTHaTa CTPYKTypHA cXeMa Ha TO3U MOJIYJI € TIoKa3aHa Ha ¢urypa 3.9.

FROM CPLU Data [7:0]
—

Port_Adr{7:0]
Fram_MISO_0 o] piciress[7:0] Sive_selaki[S:0] jmm—
Fram_MISO_1 Data_in[7:0] Masi[5:0] fmm—
Fram_MISC_2  Mux_Out Miso EI = —
Fram_MISO_3 —Jwr En

From_MISO_4 —]sys ok Data_Oul7:0] j—

From_MISC_5

Cik SPI_sW
Mux_6

Qurypa 3.9. Cxema Ha MHOTOKaHajeH SPl Moy
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ChIHOCTTa HA BTOPHS TPOTPAMEH MOYJI € OpHEHTHPaHa KbM U3TIOJI3BaHE 3a
paboTa B pexxuM Ha MpeKbCBaHe. T03u MOy H3TOJI3BACBOOOTHUTE ONTOBE HA
BXOJIHHS IIOPT ¥ MOXKE Ja TIOIIbPIKa IO 7 pa3IMdHU IPEKHCBAHMUS.

PazpaboTenuTte Mo xyim IO3BOJIABAT IIPEIABaHE HA JAHHU ChC CKOPOCT OJIM3Ka
10 3,3 Mb/sec.

3.1.2. Pa3pa6orka na MIIO moaya Baud rate

OcHoBHa poist 3a mpaBWwiIHOTO ¢yHKIMOHMpaHe Ha Bceku UART momyn
NpeCcTaBIIsiBa YecToTaTa Ha CTpoOUpaHe Ha MHPOpMaLKATa, MOCTHIIBAIIA OT U
KbM HEro. 3a MOCTUraHe Ha HeoOXoJuMa TOYHOCT M0 CTaHAAapT UHTEpBajia Ha
npenaBaHus OUT C€ AMCKPETH3Mpa C 4ecToTa 16 mbTH MO BUCOKA OT Ta3H, C
KOATO ce mpenaBa mHpopmarusaTa. Taka 1snocTHOTO M3rpakaaHe Ha UART
Oa3upaHa cucTemara 3a Ipe/laBaHe Ha JaHHU Ce CBeXza J0 pa3paboTkara Ha
MOJyYJ 3a Mojy4yaBaHe Ha cTpoOupama yectota. CTOWHOCTTa HA MOJYYEHUS
nemuten K ce cuuta 3a  yIOBJIETBOPUTENHA, KOTaro BeJMYMHATA Ha
oTHOocUTeNHara rpenika € noj 0,6%. 3a TpuTe Hal-4ecTo CpEllaHd CUCTEMHHU
yectoTH, 25, 50 m 100 mx1, M3MOJ3BaHM B PA3JIMYHMU anapaTHU CHUCTEMHU 3a
pa3Boi, cToiHOCTUTE Ha AenuTens K 3a ctanaapTHara nopeauna OT CKOpOCTH Ha
npenaBade Bapupa B rpanunure (oT 2 go 4000). Tounute CTOMHOCTH Ha
JIENUTENIS, 3a€IHO C TIOJy4YE€HUTE TPEIIKH ca MOKa3aHu B TabJIUIIA.
Knacuueckotro peanu3upaHe Ha Te€3M JEIUTENM CE€ M3BBPIIBA B PAMKHUTE Ha
Hsikosiko CLB, xoeto yBennuaBa o0ema Ha HEOOXOJUMHUTE CUCTEMHU PECYPCH 3a
MOCTUraHe Ha MO-HUCKHU CKOpOCTH. bposTt Ha HeoOxoaumute CLB moxe aa ce
penymupa 3Ha4uTeNHO, pu u3nomsBane Ha LUT Tabmuiu. ToBa mo3BosiBa aa
ce Hamamu Oposi Ha BPB3KUTE, HEOOXOAMMHM 33 M3TPAKIAHETO HA JIEIUTENS U
rapantupa paboTa ¢ 4ecTOTH, OJIM3KU 0 FPAHUYHUTE 32 CbOTBETHUS MTPUOOP.
Peamu3upanero Ha TO3W MOAXOJ] IO3BOJIAIBA  IOCTUTAaHE Ha MPOU3BOJIEH
koeumuent Ha gemeHe oT 1 go 16 camo ¢ mpomsiHa Ha anpeca. [lpu
HEOOXOJAMMOCT OT MO-TOJISIM KO€(PULIMEHT Ha JIeleHe, Te3U ASIMTEeN MoTar Ja
C€ CBBP3BAT IIOCIIEAOBATENHO.

3.2. AnapaTHa cpeaa 3a pa6oTa ¢ npenporpamMupyemMu npudopu

3a mogoOpsiBaHe BpeMETo 3a BepU(HKALUs KbM cpefara 3a aBTOMAaTU3UPaHO
reHepupaie Ha BrpaieHu PicoBlase 0Oasupanu cucremun 0e peanuzupana
armapaTHa cpeja 3a MpoBepKa M HACTPOWKa Ha amnaparHOTO M MPOrPaMHOTO
OCUT'ypsiBaHe Ha pa3pabOTBaHUTE CUCTEMH.

Cpenara nogabpxa pabota ¢ CPLD u FPGA npubopu ot cepunte XC9500XL,
CoolRunner-II u Spartan-6 Ha ¢pupmara Xilinx. Ts nmpuTexaBa Bb3MOKHOCTH 32
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BbBEXKJAHEe, HU3BEXKJaHE M BHU3yalu3upaHe Ha uHbOpManuss U MoAIoMara
npoiieca Ha pa3palboTka.

bnaronapenue Ha TOBa, TSI c€ IPEBPBILA B HAAEKIHO CPEICTBO 3a BepUpUKaLUs
Ha Pa3JIMYHU ITPOEKTH.

3.3. Onenka Ha e()eKTHBHOCTTA HA pa3padoTeHNTe MPOTPAMHU CPe/ICTBA
OcHOBHa IIeNT Ha Ch3JaJeHATa aBTOMAaTU3UpaHa cpeda 3a MPOEKTUpaHe Ha
Brpagenu PicoBlase cuctemn e chkpamaBane Ha OOIIOTO BpeMe 3a TSIXHOTO
peamm3upane. ONPOCTEHUAT AITOPUTHM 3a pa3padoTka Ha BrpajaeHu PicoBlase
cCUCTeMH, TIOKa3zaH Ha ¢urypa 2.1 mo3BoJisiBa pa3[ensHETO Ha Tpolieca Ha
reHepUpaHe Ha JIBE YacTH: cieln(pruHa U TpUBUAITHA.

Cnenmduanata gacT oOxBama B ce0€ CH BCHYKH JICWHOCTH, CBBP3aHU C
U3TOTBSIHETO Ha KOH(UTrypanuoHHHs ¢daill Ha cuUcTeMara W TMporpamara Ha
BrpajJicHus Tporiecop. BTopara wacT oOxBama TpHBHATHUTE JACHHOCTH IIO
CHUHTE3, WUMIUIEMEHTAIMsS W TeHepupaHe Ha OuHapeH Qaiiyi, W3BbPIIBAHU OT
chOoTBeTHaTa pa3BouHa cpema(webpack, ISE mmu VIVADO). Bpemero 3a
U3MBJIHCHUE Ha TE3W JICHHOCTH € Ba)KEH ITOKa3aTell 3a M3IT0JI3BaHaTa pa3BoiiHa
cpena W € B Mpsika 3aBUCUMOCT OT o0eMma Ha mpoekra. 1o ce m3MmepBa C
BEJIMYHMHA, YUATO JUMEHCHS € [BpeMe/MunoH jgorundecku kietku(MLC)].

[Ipu Brpanennte PicoBlase 6a3upanu cucteMu, KOJUIECTBOTO HA JIOTUICCKHUTE
KJICTKH, HEOOXO0IUMO 32 TAXHOTO U3TPpaKIaHe, PSAIKO HAIXBBPJIS CTOMHOCTTA SK.
CrnenctBue Ha TOBa, BPEMETO 3a TAXHOTO Ch3JaBaHE CE€ OKa3Ba JOCTATHYHO
MaJIKO 1 MOe jJa ce mpereoperne. [lo Ta3u npuyunHa, BpeMeTo, He0OX0IUMO 3a
peanm3upane Ha paspaboTBaHaTta BrpajgeHa PicoBlase Oasmpana cuctema ce
oTpeNiesl ¢ BPEMETO 3a M3BBPIIBAHE HA BCHUYKHU OIIEpaIldU OT CICIUpUIHATA
qacT Ha Tporieca Ha ipoekTrpane. [1o Ta3u npuynHa, Te3U OTNepaluy ce 0Ka3BaT
ynoOeH KpuTepwii 3a ompeneisiHe Ha epEeKTUBHOCTTA Ha pa3paboTeHara
nporpaMHa cpejia 3a aBTOMAaTH3MpaHO NpOeKTHpaHe Ha BrpajaeHa PicoBlase
Oa3upaHa cuctema.

C orzen na ce moJydu I0CTOBEpHA ITpe/icTaBa 3a HEHHOTO Obp30AelCTBHE, 051X
NPOBEACHU JIBE CEPUU OT CKCIepUMEHTH. Te MOo3BOsIBaT Ja C€ TOJydd
npejcTaBa 3a BpeMeHara, HeOOXOJMMHU 3a ChCTaBSHE HAa KOH(HUIYypalMOHUS
daitn Ha cuctemara. BbB Bcska cepust B3exa ydactue mo 15 yoBeka
pasmpenielieHd B TPU KETETOPHUM : HAYMHACIIM, XOpa C ONUT M EKCIIEePTH.
3amauarta Ha yYaCTHUIIMTE B IIbpBaTa cepus O¢ /1a BbBenar ¢aitia ¢ OrmmMcanueTo
HAa CHUCTeMaTa, TMpeAcTaBeH Ha JuctuHr | ot wact [lpunoxxkenuss Ha
nucepTanusTa. Pe3ynTaruTe Ha y9acTHHIIMTE B ITbpBaTa CEpHs Ca MPHUBEICHU B
tabmuma 3.6. 3amadata Ha yJacTHHWIIMTE BBB BTOpaTa cepus O€ Ja ChCTaBsT
daiina ¢ omuMcaHHWETO HA CUCTeMara 1Mo OJIOKoBara cxema, MpeAcTaBeHa Ha
durypa 2.6. Pesynratute Ha y4aCTHHUIIMUTE OT BTOpaTa CepHsl ca MPUBEICHU B
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tabmmma 3.7. [IpeactaBenn karto rpaduka, Te3uw pe3yaTaTH ca IMOKa3aHW Ha
¢urypa 3.20. 3a cpaBHeHUe, Ha chlara rpaduka € MoKa3aHo W yCPEIHEHOTO
BpeMe 3a ChCTaBsiHE Ha (haiiia ¢ OMMCAHMETO HAa CHCTEMara, PeaTM3UpPaHO C
MOMOIIITa Ha pa3paboTeHaTa mporpaMHa cpeia OT IBama MoTpeOuTenu, 00ydeHn
3a paborta ¢ Hes. OTHOMICHUETO MEXKIY BPEMEHATa 3a BhBEXIaHe Ha (haitia c
OTIMICAaHMETO HA CUCTEMaTa U TOBa, TIOJy4eHO ¢ M3I0JI3BAaHETO Ha pazpaboTeHara
nporpamMa, MOKa3Ballo IMMOCTUTaHOTO C HEWHOTO W3IOJ3BaHE YCKOpPCHHE, €
nokazaHo Ha ¢urypa 3.21.

Ta6mmma 3.6. CpemHo BpeMe 3a BbBEXKJaHE HA IPOCKT MO TEKCT

CpenHo BpeMe 3a BbBEXK/JAHE Ha IPOEKT 110 TEKCT [min/cTp]
Haunnaenm X0pa ¢ OIuT Excneptu
[min] Opoii rpeniku [min] Opoii rpeniku [min] Opoii rpeniku
87 11 35 7 27 11
97 7 40 5 21 9
71 13 37 9 33
101 8 53 3 31 6
111 5 48 11 19 12
CpeJHo BpeMe 93,4 42,6 26,2

Ta6mmma 3.7. CpemHo BpeMe 3a BEBEKIAHE Ha MPOCKT 10 Ipad MIHI TPUMUTHBH

CpenHo BpeMe 3a BbBEIKIAHE Ha IPOEKT M0 IpadUuHU IPUMUTHBY [min)]
Hauwnnaemm X0opa C OIUT Excneptu
[min] Opoii rpeniku [min] Opoii rpeniku [min] Opoii rpeniku
55 1 30 1 27 0
63 3 40 0 21 0
71 3 37 0 17 0
68 0 43 0 31 0
61 0 48 1 18 1
cpemHo
BpeMe 63,6 39,6 22,8

Te3u rpaguku nokasar, ue pazpadboTeHara IporpaMHa Cpena 3a aBTOMaTUYHO
reHepupaHe Ha BrpaaeHu PicoBlase Oasupanu cucteMu mNo3BoJsIBa Ja ce
IOCTUTHE YCKOPSIBaHE Ha IpOLECa Ha MPOEKTUPaHE, KOETO B 3aBUCUMOCT OT
KBaJIM(UKAUSATA HA IPOEKTaHTa Bapupa B rpaHuuute ot 2 10 10 mbTH.

3.4.IlpoexTUpaHe HA BrpajleH MUKPOKOHTPOJIepP 32 CHCTEeMA 32 CBETJINHHU
eexT B 10MOBeE Ha Ob/AEIIETO

EnHa oT 3aAbIDKUTEITHUTE YEPTH, XapaKTepU3UPAIM KaueCTBaTa Ha IOMOBETE Ha
OBJICIIETO € HATMYUETO HA CUCTEMA 33 CBETIIMHHU €(EKTH.
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Bpeme 3a eveexcoane na npoekm

MHHYTH 50

o ¢ cauunu npumumucu
m Text

| o EDK
30 | |

1
nHaqunaewmu

Xopa ¢ onum 5

¢ zaghuunu npumumuen
excnepmu

excm.'prm EDK

®urypa 3.20. CpenHo BpeMe 3a ChCTaBsiHE Ha (hausa ¢ OMUcaHKe Ha cucTeMara

nmbTU

OvHDL
B ot Briokosa cxema

o1 bnokoBa cxema

Ha4ynHaeuwn

xopa ¢ onuT

ekcnepTn

Qurypa 3.21. OtHOIICHHE HA BpEMEHATa 3a ChCTABSIHE HA KOHPUTYPAMOHHUAT (paiiia ¢ OMUCAHUETO Ha
cUcTeMara Mo KJIaCHYeCKHsl HaUWH U C U3M0JI3BaHETO Ha pa3paboTeHarta mporpama.

HeitnoTo mpuchCcTBHE B JOMOBETE HA OBCIIECTO ce 0a3rpa Ha CHIIECTBYBAIIOTO

MHEHHE, Y€ IBETOTEpanusITa Ce sIBIBA €IUH OT METOJUTE 3a MOJ00psBaHEe Ha
31paBHUsS (paKTOp HA YOBEKA.
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Peamuzanusata Ha cucTema 3a CBETJIMHHU e()EeKTH B IOMOBETE Ha OBJICIICTO B
pamkure Ha enuH FPGA mnpubop,no3BoJisiBa U3MOJ3BAHETO HAa BrPajieHU
npouecopu.Te ce oka3BaT Haif-e()eKTMBHOTO CPEICTBO 3a peaM3upaHe Ha
arapaTHUA PECYPCH, U3MBJIHABAIIM HIKOJKO 33Ja41 B PEKUM Ha BpEME JIEJICHHE.
CTpykTypHaTa cxemMa Ha CHUCTeMara 3a CBETIMHHM e(eKTH B JIOMOBE Ha
OBJIEIIETO, € U3TrPaJCHA MO KJIaCHUeCcKa CXeMa, IPHU KOSITO IJIaBHOTO YIPABIICHUE
e noepeHo Ha PC, a possiTa Ha BrpaeHus Ipo1ecop € CBEASHa 10 U3IbJIHABAHE
Ha nosydaBanute oT PC koMaHay 1 IOAABpIKaHE HA TUANOT C TOTpeOuTend. 3a
ochllecTBsiBaHe Ha nuaiora ¢ PC, B cuctemara Ha BrpajeHUs] MPOLIECOp €
BmoueH amapareH USB — UART MocT, ocurypsiBaiy CKOpPOCT Ha oOMeH
115200 6oxa. AnaparHara 4acT, KOSITO YIpaBisiBa T€HEPUPAHETO HA €THO WU
JIpyro CBETIMHHO BB3ACHCTBHE € peann3upaHa Ha Oa3ata Ha BrpaJCHUs
nporiecop PicoBlaze Bapuant 6. Brpagenusit mpouecop, ChIbTCTBAIIATA TO
JOTUCTUYHA Cpela W M3IBJIHUTEIHM MOJynu ca onucanu Ha e3uk VHDL, c
npujIaraHe Ha METOJ/IMKaTa, orucana B [6,7] OT ciuchka Ha TPY/IOBETE CBbP3aHU
c aucepTanusaTa. Ta3W METOAMKA MO3BOJSIBA aBTOMATUYHO MOJy4aBaHE Ha
KoH(puUrypanmoneH (aiia Ha M3rpaxkaaHus anapareH KOHTpoJiep U mabJioH 3a
ylpapisiBaliara MOporpaMa Ha BrpaJeHUs MPOLECOP HEMOCPEICBEHO OT
OJoxkoBaTa My cxema. YTpapisBallara MporpaMa € HamucaHa Ha aceMmOsep u
3a€HO C MOHMTOpHATa M KOMYHMKAallMOHHaTa mporpama He HaaxBbpis 300
koMaHau. ToBa mo3BoJisiBA B mamera Ha Mpolecopa Ja ce CbXpaHsBa
uHbopMaIMsl 3a pa3IMuHU CBETJIMHHU e(EeKTH, a HeWHaTa JBYNOpTOBaTa
CTPYKTypa 03BOJISIBA [TPE3apEXKAaHE HA YITPABJISIBAILIOTO YCTPOMCTBO B ITpoLECca
Ha paboTa, 6€3 ToBa Ja Ce OTpa3y Ha U3MBJIHCHUETO Ha OCHOBHUTE MY (DYHKITHH.

3.5. IIpoexkTHpaHe HA TeHEPATOP HA CJAYYAHHU YMCcJIa

BbnpochT 3a anapatHo reHepupaHe Ha CIydailHU YHciia, 3aeMa 0CO0eHO MACTO B
npoiieca Ha pa3paboTKa Ha MPEIHU3HU MAaTEMAaTUIECKUA MOJICIN U TTPOBEKIAHETO
Ha CJI0’KHU €KCIIEPUMEHTH 1 00paboTKaTa Ha MOJYYCHUTE OT TSIX PE3YITATH.
Heo6xoqumocTTa OT Ch3/1aBaHETO Ha TakbB Kiac mpuOOpu ce olycliaBsi OT
dakTa, "e OBP30JACHCTBHETO, TOJEeMUTE (DYHKIIMOHATIHU BH3MOXKHOCTH Ha
CHBPEMEHHUTE TPaIUBHU elieMeHTH B nuiero Ha FPGA npubopute nmo3BomsiBar
W3TPAXKIAHETO HA YCTPOUCTBA, OTKPHUBAIIH Bb3MOKHOCTH 32 YCIICIITHO PEIllaBaHe
B PEAJTHO BpeMe Ha MIUPOK KPBI' OT HAYYHO MPUIIOKHH 3a/1a4H.

B kauecTBOTO Ha OCHOBa 3a pa3paboTeHusT Ha 6a3ata Ha FPGA mpubopa
XC6SLX4 ot cepusta Spartan-6 reHeparop Ha CIydalHU YHCiIa € M3IM0JI3BaHa
ctpykrypata Ha reneparopa tun GENAP [135]. Ts e pa3umpena ¢ anapaTHH
OJI0KOBE, KOUTO TO3BOJIIBA TEHEPUPAHETO HA CIYYailHU YHCIia ChC CBOWCTBA,
NPAKTUYECKUA HEOTIMYUMU OT UICATTHUTE.
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3a ma ce ocurypu MOOWJIHOCT Ha pa3paOOTBaHHS MPOEKT, CIPSIMO HErOBOTO
UMIUIEMEHTHpPaHe B HacTosium U Obaemm moaudukanuun Ha FPGA npubopu
MPOEKTUPAHETO € U3BBPIIECHO ChC cpencTBara Ha e3uka VHDL. 3a anaparnara
peanmm3anysi Ha 0a30BUTE W CHENMAIM3WPAHUTE MOJIYJIM Ha reHeparopa ca
u3znom3Banu LUT Ttabmumute Ha CLB OnokoBeTe OT BbTpEIIHATa CTPYKTypa Ha
FPGA npu6opa B pexxum SRL16 u SRL32.

To3u npoekt Oe UMIUIEMEHTHPaH B amaparHa pa3BoitHa cpena [133]. Herosoto
NPaKTUUYECKO M3CJICABAHE B YCJIOBHS MAKCUMAIHO OJIM3KUA 1O peaTHUTe O¢
u3BbpieHo B Ilpara, ceBMecTHO ¢ Kojerd oT UTHUA (MucTuTyT 1o Teopus Ha
uHopmanmsaTa U aBromarusanusra) kbM AH Ha Yexus. [lpoBenenu Osixa
ObJIHA  (YHKIIMOHAJIHM M3MHWTAaHUS Ha TreHeparopa. [loka3zarenmute Ha
TEHEPUPAHUTE OT HEro CIy4yalHH YHucia YAOBIETBOPSBAT MPEIBAPUTEIHO
3a/1a/ICHUTE MMapaMEeTPU HA TEHEPUPAHUTE CITyYalHU YHCIIA.

3.6. O000meHus ¥ U3BOIU

3a mojaroMaraHe pealu3MpaHeTO Ha HE CBINECTBYBAIl B OMOJIMOTEKara Ha
pazpaboteHara cpexa MIIO Monyn wiam HEOOXOAMMOCT OT JOpadOTKa Ha
ylpaBisBaliata mporpamMa Ha TMpollecopa B pPaMKUTE Ha Ta3u TJiaBa ¢
npeacTaBeHa ChOTBETHATAa METOIMKA. MI3BbpIlIeHa € OlleHKa 3a Obp30eiCTBUETO
Ha paspaboTeHara HporpamMHa cpeia. 3a OCHOBa INpu cheTaBsiHe Ha MIIO
MOJyJa ChIBpIKAll yIpaBisiBallaTa Mmporpama Ha IMpoIlecopa, C€ H3IOJI3Ba
aBTOMAaTHYHO TE€HEPUPAHUAT B PAMKHUTE Ha cperarta acemOyiepcku Gaiii, KbM
KOHTO ce 100aBsT OmnucaHue Ha cHeluu(PUIHUTE ACWHOCTH, MOJISKAIM Ha
U3IIBJIHEHUE OT mporiecopa. lIpencTtaBen e mpumep 3a paspadborka Ha MITO
MOJYJ Ha €IUH amapareH W JBa NPOTPaMHH MOJYNA, OCBHIIECTBSIBAIIH
koMyHuKkaiuss 1o mnportokona SPI. IlpencraBen e u mpumep, mMoKa3Bailg
pazpaboTkara Ha MOJYJ rexepani ctpoOupama yectora 3a UART, kakro u
BB3MOKHOCTTA 32 PeaTu3UPaHETO Ha MOJyNa B pamkute Ha enud CLB Omok. 3a
nosoOpsiBaHe BpeMETO 3a Bepu(UKaIys, KbM MporpaMaTa 3a aBTOMATUIHO
reHepupane Ha Brpagenu PicoBlase 6a3upanu cuctemu B Ta3u rjiaBa € OMHUCaHa
pazpaboTeHara B paMKUTE Ha AUCEPTALMOHHUAT TPy CIelHaIu3upaHa
araparHa cpejia, KOsiTo IPe0CTaBsi Bb3MOXKHOCT 3a IIPOBEPKA Ha arapaTrHOTO U
NPOTrpaMHOTO OCUTYpsIBaHE HAa BCUYKHU €Talu Ha pa3paboTkara.

B xauecTBOTO Ha TpHMep 3a IIOCTHA pa3paboTka Ha BrpaaeHa PicoBlase
0a3upaHa cucTemMa ca MPEJCTaBeHH MPOEKTUPAHETO HAa CHCTEMA 3a CBETIMHHU
edekTr B ToMOBE Ha OBJACIICTO W TeHEpaTOp Ha CiyvaiiHu yucia. [IpencraBenu
ca TSIXHUTE MPAKTUYECKH PeaTU3aIlii U apXUTEKTypa.
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IlpuHocH Ha TUCEePTALMOHHUS TPY/

1. HampaBen e ananmu3 Ha mpollecUTe Ha NPOEKTUPAHE Ha XapJyepHU
YCTpPOHWCTBa ¢ HW3MoJi3BaHe Ha 0030p Ha cbBpemenHute FPGA mpubopu u
BIPaJICHU MPOLIECOPH KaTo € JiepuHrpana HeoOX0AMMOCTTa OT pazpaboTBaHe
Ha aBTOMATU3MPaHU CPEACTBA 3a IMOJIOMAaraHe IMPOIECHTE HAa CHUHTE3 U
BepHuQuKanys Ha GYHKIMOHATHOCTUTE HA XapAyEepPHUTE CUCTEMHU.

2. PazpaboTrena e mporpamMHa cpema IMO3BOJIABAIla  aBTOMATHYHO
NPOCKTHpPAHe Ha XapJyepHU YCTPOWCTBa mNpuiaramia BrpajaeHa PicoBlaze
eneMeHTHa Oa3za. B nporpamMHara cpefia ca BKIIIOUYCHHM HOBUM TPU THUIIA CHUCTCMHHU
OuOIMOTEKU:

e Symbol library
e PSM libary
e VHDL libary

Upe3 Te3u HOBU OHUONMMOTEKH C€ TIOCTHTa 3HAYUTEIHO I[TOBUIIIABAHE

(YHKIIMOHATHOCTTA Ha aBTOMAaTU3MpaHaTa cpeja 3a MPOeKTUpaHe Ha BrpaeHH

CUCTEMH.

3. [IporpamMuata cpema € TPWIOKEHA 3a TPOCKTHpPaHE HA PEaTHH
XapAyepHHU yCTPOMCTBA KaTo:

- 'eneparop Ha ciy4yarHU YucIa.
-Brpanen MUKpOKOHTpOJIEp 3a yrpaBjieHHe Ha CUCTEMA 33 CBETIIMHHU
eeKTH B TOMOBE Ha OBCIICTO

4. Onenena € eQeKkTUBHACTTa Ha pa0oTa Ha NIporpamMHara CUCTeMa 3a
aBTOMATU3UPAHO TPOCKTHpaHe. 3a MenTa € CBh3AAJCH AIMOPUTHM 3a
KOJIMYECTBEHA OIICHKA Ha e()eKTUBHOCTTA OT MU3IOJI3BaHE HA aBTOMATU3UPAHU
cpenctpa3ia npoektupane Ha FPGA npubopu. AIropuThbMbT € IPUIIOKEH 3a
CJlydauTe Ha pa3pabOTEHUTE ypeau B JUCEpTalMOHHATa paboTa.

Bbeu HACOKHU 3a padoTa

JlopaboTka Ha pa3paboTeHaTa mporpamMHa cpezia ¢ orJie]l Ha HEHHOTO
U3I0JI3BaHE 32 aBTOMAaTHYHO T'eHEpHUpaHe Ha MHOTOMIPOIIECOPHU BIpaIeHH
PicoBlaze 6a3upanu cuctemu.

JlopaboTka Ha cuCcTeMHHUTE OMOIMOTEKH HAa pa3paboTeHaTa mporpama,
MI03BOJISIBAIM BHBEXKIAHETO HAa aTpUOYTH 32 aBTOMATUYHATA UM
uneHTH(UKAIMS TPY TeHEpUpPaHe Ha MHOTOIIPOIIECOpHU BrpajieHu PicoBlaze
0a3upaHu CUCTEMHU.

JlopaboTka Ha CHCTEMHUTE OMOIMOTEKH Ha pa3paboTeHaTa mporpama,
MO03BOJISIBAIIM TAXHOTO BrpaxaaHe B cpenara WebPack.
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Pa3zpaboTka Ha mporpamMmupyeM MOy 3a pa3paboTeHaTa araparHa cpesa,
OCUTyJIsIBalll HEOOXOAMMHUTE U T0CTAaThYHU yCI0BUsA 3a padorata ¢ FPGA
npubopu ot 7-a cepusi Ha Xilinx.
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