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This article describes the research and analysis of the development process of a specialized
mathematical computer based on the Altera Cyclone 3 FPGA using the NIOS2 core. The main
goal is to study the technical aspects of the project, such as hardware architecture and algorithmic
support. Particular attention is paid to the analysis of algorithms and the structural scheme of the
computer to maximize its performance and use of FPGA resources. The key stages of the system
development have been elaborated and described in detail. Among these stages are the
development of the concept of the special computer architecture, the development of the software
algorithm, and the development of the interaction of the created special computer with the user.
Additionally, modeling of the calculation of basic mathematical operations on the NIOS Il core
was performed to confirm the concept and workability of the created device. The results of this
study are intended to contribute to the further development of innovative technologies in the field
of computing.
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Introduction. Today full of various electronic devices, the issue of processing high-
frequency signals, as well as the problem of quickly calculating complex mathematical
expressions/formulas, is particularly acute. This is due to the fact that each new device has
more and more analog/digital sensors, the accuracy of which is improving every time, and their
management is becoming more and more difficult. The data received from such sensors usually
needs to be processed very quickly and converted into a format that can be further processed by
the rest of the system. This processing can include signal analysis and mathematical
calculations. High-speed mathematical calculations can also be useful not only in analyzing
sensor data, but also in calculating complex formulas that can be used, for example, in
simulating the operation of electronic components, building virtual 3D models (and other
applications).

The classic way to calculate mathematical expressions is to use a central processor and its
corresponding instructions. This method is quite simple and does not require additional
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electronic chips, but it also has a number of disadvantages. The first of them is low
performance. Everything will depend on the number of processor cores/threads. Another
important factor will be the presence of specialized instructions for processing certain
expressions, plus the presence and set of instructions of the mathematical coprocessor. And if
you need to calculate some complex non-standard expression/formula for which the processor
does not have the appropriate instructions, then software emulation will be involved and
performance will drop even more. [1]

There is another approach. All complex calculations can be transferred to an FPGA chip.
This will allow you to make a specialized calculator that will calculate the value of the
expression. This method has many advantages - there is no binding to the bit depth of standard
data types - the input data buses can be made of the bit depth that is required. You can
implement a calculator for absolutely any expression. But there is also a significant
disadvantage: there are far fewer specialists on the market who can correctly create a calculator
in the hardware description language than there are "programmers". Finding such a specialist in
a company can take several weeks or even months. [2]

This article is aimed at researching and analyzing the development process of a
mathematical specialized computer based on the Altera Cyclone 3 FPGA using the NIOS2
core. The main goal is to study the technical aspects of the project, such as hardware
architecture, algorithmic support, and performance optimization.

Related work. Before developing their own computer, the authors familiarized
themselves with existing solutions. They did not consider computers based on any
microcontrollers and focused their attention on solutions specifically on FPGAs.

Source [8] illustrates a model of a calculator written in Verilog. This 8-bit calculator can
add, subtract, multiply, divide, raise a number to the second and third powers, and calculate the
square root and factorial. The simulation was performed on a CycloneV FPGA manufactured
by Altera (now a division of Intel). The code was created and simulated in the Quartus Il
environment.

Source [9] presents a model of an FPGA-based square root calculator that uses very few
resources and occupies a very small FPGA area. The model is designed to meet the needs of
medium- and low-speed applications that do not require very high processing speeds, while
optimizing the amount of resources used. A modified recoveryless algorithm is used to
calculate the square root. The development was written in RTL VHDL and implemented on an
Altera DE2 board for hardware validation. The implementation provided a very accurate
square root calculation with low computation latency and low memory consumption for the
input data of different widths tested.

This source [10] describes development of a complex module of an exponential function
(ex) calculator. The developed module works with the 64-bit floating point format IEEE 754-
1985. The module was coded in VHDL and synthesized for the Virtex-6 XC6VLX75T FPGA
chip using the ISE 14.7 EDA tool from Xilinx. The results obtained by the module were
compared to actual results and the sensitivity of the module was determined. The ability of this
function to provide accurate results is crucial for the successful operation of function-
dependent designs. For this reason, various methods are described in the literature for the
logical calculation of the ex.

FPGA and Terasic DEO board overview. FPGA chips (Field-Programmable Gate
Arrays) are integrated circuits that have a large number of logic elements and are configured
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after manufacturing. The main difference between FPGAs and conventional programmable
logic integrated circuits (PLDs) is the ability to change the functionality and logic of the circuit
after it is manufactured.

FPGAs offer several key advantages. First and foremost is their flexibility. These chips
can be reprogrammed to execute a wide array of tasks, making them incredibly versatile across
various applications. Additionally, FPGAs boast high performance capabilities. By executing
numerous operations simultaneously, they can achieve remarkable processing speeds.
Moreover, the manufacturing process for FPGA-based hardware is typically quicker than that
for specialized integrated circuits, resulting in reduced development time. Many FPGASs also
come equipped with built-in components such as memory blocks, multiplexers, and arithmetic
logic units (ALUs), streamlining the development of intricate systems. Furthermore, utilizing
FPGASs can lead to cost savings compared to the development and production of specialized
integrated circuits [4].

However, FPGAs are not without their drawbacks. One significant disadvantage is their
high resource consumption. Implementing certain functions on FPGAs may demand substantial
resources, limiting scalability for some projects. Additionally, FPGAs tend to consume more
energy than specialized integrated circuits when performing equivalent tasks. Another issue is
the time delay associated with reprogramming FPGAs. The extensive configuration steps
required can introduce operational delays, impacting overall performance [5].

Among the leading FPGA manufacturers are Xilinx Inc., renowned for their world-class
products lauded for both their exceptional performance and extensive functionality, and Intel
Corporation (formerly Altera), which, following its acquisition by Intel, continues to be a
prominent player in the FPGA market, recognized for producing high-quality chips with a
broad spectrum of applications. Lattice Semiconductor, on the other hand, specializes in
manufacturing FPGAs with fewer logic elements, typically favored for their utilization in
energy-efficient or embedded systems.

FPGAs find widespread application across various sectors. They are extensively
employed in the development of embedded systems, including but not limited to medical
devices, automotive electronic systems, and telecommunication equipment. Moreover, FPGAs
play a crucial role in signal processing, facilitating the implementation of signal processing
algorithms such as digital signal processing in electronics and imaging. Additionally, FPGAs
are instrumental in cryptographic applications, enabling the rapid computation of cryptographic
algorithms to safeguard sensitive information. Furthermore, some FPGAs excel in big
computing tasks, capable of processing vast volumes of data and executing intricate
computations vital to advancements in the realms of science and technology.

FPGAs are powerful tools for a wide range of applications, from embedded systems to
signal processing and big data. The choice of a specific FPGA depends on the requirements of
a particular project and the availability of built-in features, performance, and cost [6].

The Altera DEO Board, manufactured by Terasic, was chosen to implement the
specialized computer. The DEO development and training board has a compact size and
contains all the necessary tools for novice users to gain knowledge of digital logic, computer
organization, and FPGAs. It is equipped with an Altera Cyclone Il 3C16 FPGA that offers
15,408 LE blocks. The board has 346 user /O pins and a rich feature set, making it suitable for
use in university and college courses, as well as for developing complex digital systems. The
DEO combines Altera's low-power, low-cost, high-performance Cyclone Il FPGA to drive the
various functions of the DEO board. The DEO Development Board includes the software,
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reference designs, and accessories needed to provide easy access for the user to evaluate their
DEO board.

To summarize the above, an FPGA is a user-programmable integrated circuit device that
contains an array of programmable logic blocks (PLBs) connected by programmable routers.
An FPGA can be programmed to perform any function or logical operation. They are
commonly used to accelerate computing in large computing systems or to implement
specialized computing devices. This allows you to prototype a variety of devices with minimal
cost and time, because if there is an error during testing or you need to add new functionality,
you just need to update the software. When the device has been fully tested and debugged, the
manufacturer can order chips specifically for its tasks, based on the code previously created for
the FPGA. It is up to each manufacturer to decide whether to do this - a specially created ASIC
chip will run faster and consume less power, but launching such a chip into production can be
very expensive, so even today, engineers often decide to leave the FPGA chip in the finished
device [7].

With the help of hardware description languages, you can create hardware blocks of
varying complexity on FPGA chips: from primitive (for example, a watchdog timer) to ultra-
complex (for example, a driver for any modern high-speed video transmission line). Of course,
there are large libraries of previously created blocks that you can use in your projects [8].

Chip manufacturers themselves are also trying to "simplify life" for engineers and offer
many ready-made modules. One of them is worth a closer look. This is the NIOS Il software
processor.

The Nios Il architecture encompasses several essential functional blocks, each playing a
distinct role in the operation and functionality of the processor.

Firstly, the register file serves as a crucial component within the processor, facilitating the
storage and manipulation of data during program execution. It provides a set of registers where
data can be temporarily stored for processing [9].

The arithmetic logic unit (ALU) is responsible for executing arithmetic and logical
operations on data stored in the register file. It performs tasks such as addition, subtraction,
bitwise operations, and comparisons, enabling the processor to carry out various computational
tasks.

The interface to the user command logic acts as a bridge between the processor and the
user, facilitating communication and interaction with the system. It interprets commands from
the user and translates them into actions or instructions that the processor can execute.

The exception controller manages exceptional conditions or events that may occur during
program execution, such as interrupts, errors, or system faults. It ensures proper handling of
these events to maintain the integrity and stability of the system.

An internal or external interrupt controller is responsible for managing interrupts
generated by external devices or internal system events. It prioritizes and handles these
interrupts, allowing the processor to respond promptly to critical events.

The instruction bus provides a pathway for transferring instruction data between the
processor and memory. It enables the processor to fetch instructions from memory for
execution.

Similarly, the data bus facilitates the transfer of data between the processor and memory
or other devices. It allows the processor to read or write data to and from memory locations or
peripheral devices [10].

The memory management unit (MMU) is responsible for managing memory access and
address translation. It translates virtual addresses used by the processor into physical addresses
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in memory, ensuring proper memory allocation and protection. The memory protection unit
(MPU) is tasked with enforcing access control and security policies on memory regions. It
prevents unauthorized access to memory locations and helps protect sensitive data from
malicious or unintended actions [11].

A command and data cache improves processor performance by storing frequently
accessed instructions and data in a faster, closer memory layer. This cache reduces the time and
resources required to fetch instructions and data from main memory, enhancing overall system
efficiency. Memory interfaces for hard-coded commands and data enable the processor to
communicate with specialized memory modules or devices that store essential instructions or
data required for system operation.

Finally, the JTAG debugging module provides debugging and testing capabilities for the
processor. It allows developers to inspect and manipulate the internal state of the processor
during runtime, facilitating the identification and resolution of software bugs or errors [12].

In the created special-purpose computer, this software processor performs the most
important functions, namely, it is responsible for system operation, monitoring and allocation
of hardware resources such as CPU time, i.e., the time to perform computational tasks. In fact,
it allows engineers not to waste their time writing a module for calculating a function, but
rather to use functions that are already built into the processor. This approach was also used in
the process of working on a special purpose computer [13].

Created special computer. In the process of studying the NIOS2 core and the possibility
of implementing a specialized calculator on its basis, the authors decided to develop a
prototype calculator that performs basic mathematical operations. These operations include
addition, subtraction, multiplication, and division. Of course, the NIOS2 software processor
supports the calculation of much more complex mathematical functions, but the main goal of
this study is to demonstrate the viability of the concept of a special-purpose calculator that uses
the NIOS2 core with additional functionality implemented using the Verilog hardware
description language.

The development of the computer begins with the creation of a project in the Quartus 11
environment. The entire architecture of the special-purpose computer was described in the
Verilog language. At the same time, the NIOS2 software processor is being integrated using
the Qsys environment. Another important stage was the creation of software to be executed on
the program processor. This task was performed using NIOS |1 software build tools for Eclipse.

The first task is to initialize the NIOS 2 software processor and connect all the software
peripherals necessary for its operation. Among the main applied program parts, it is worth
highlighting the “clk_0" block, which is responsible for controlling the clock pulses for the rest
of the program blocks. All peripherals are connected to the “nios2” software processor itself.
The processor reads/stores data and instructions for its operation in the “onchip memory”
memory block. The System ID Peripheral block was used to set a unique system identifier (in
the diagram it is the “sysid” block). One of the most important components of the system is a
32-bit input-output port, which serves to communicate the software processor with another part
of the special computer written in Verilog. In the diagram, this block is called “pio_0”.

The last optional block is “jtag_uvart 07, which is used to send diagnostic messages during
software development. Fig. 1 shows a diagram of the connections of program blocks in the
Qsys environment.
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Use  Connections Name Description Export Clock Base End RQ Tag
‘= clk 0 Clock Source
=] dl_in Clock Input «clk exported =
(=] clk_in_reset Reset Input reset B
e clk Clock Qutput clk_0
— clk_reset Reset Qutput
B nios2 Nios II Processor
clk Clock Input clk_0
reset_n Reset Input [clk]
— data_master \Avalon Memary Mapped Master [clk] IRQ O IRQ 31
—_ instruction_master |Avalon Memory Mapped Master [clk]
jtag_debug_modul...|Reset Qutput [clk]
jtag_debug_module |Avalon Memory Mapped Slave [clk] 0x0001 0800 0x0001 Offf
custom_instructio... (Custom Instruction Master
B onchip_memory On-Chip Memory (RAM or ROM)
clkl Clock Input clk_0
sl \Avalon Memory Mapped Slave [clk1] 0x0000 80O0OD 0x0000 cfff
resetl Reset Input [clk1]
8 jtag_uart_0 ITAG UART
clk Clock Input clk_0
reset Reset Input [clk]
avalon_jtag_slave  |Avalon Memory Mapped Slave [clk] 0x0001 1018 0x0001 101f
B sysid System ID Peripheral
clk Clock Input clk_0
reset Reset Input [clk]
control_slave \Avalon Memory Mapped Slave [clk] 0x0001 1010 0x0001 1017
a pie_0 PIO (Parallel 1/0)
clk Clock Input clk_0
reset Reset Input [clk]
sl \Avalon Memory Mapped Slave [clk] 0x0001 1000 0x0001 100£

Fig.1. Scheme of connections of program blocks

The communication between the program processor and the rest of the special-purpose
computer is carried out using the 1/0 port “pio_0". Each of its bits is specially allocated for a
certain signal. Fig. 2 shows the distribution of bits.

Restit [15:0] S_OSPerand § 540

6 dong saved | operand

s reset | osch0 | s ot Data_in [2:0]

Fig. 2. Bits distribution in the port

The special-purpose calculator interacts with the user through the use of four seven-
segment indicators, which display the result of calculations. Input data is set using ten
switches. The action is selected by pressing one of the three push buttons.

The part of the special-purpose calculator written in Verilog performs important functions
for decoding and displaying the result on seven-segment indicators. The “Debouncer” unit
protects the clock button contacts from jitter. The “ALU_CONTROL_UNIT” unit reads input
data from switches and pushbuttons, processes this data and generates operation codes and
control pulses for indicators and the program processor. The “SEG7_DRIVER” block converts
the result of calculations into signals required to control the seven-segment indicators. Fig. 3
shows the structural scheme of the created special purpose computer.

The next important task is to implement the software that the NIOS 11 processor executes.
It functions as follows: first, the instruction code is read from the 1/O port "pio_0". The
processor decodes this instruction and starts calculating one of four mathematical operations or
does nothing and moves on to the next input port read. After the calculation is complete, the
processor sets the corresponding flag in the output port and outputs the result of the calculation
to the high 16 bits of the 1/0O port. The processor then waits again for the next instruction. The
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remaining bits of the 1/0 port are used for synchronization signals between the two parts of the
computer. The principle of operation of the software is shown in Fig. 4.

2022 2
=|_|; '|_:,|; A_L *l,:_l;
A & r 3 T
SEG7_DRWER
kN
Control T Result [15:0]
signals
- = C_ontrol
Sigra’s o0 NIOS Il and
pio_ software blocks
DATA_in [9:0]
ALU_CONTROL_UNIT b
A T
10 Switches on DEO
board Debouncer

PB2 PB1 PBO

Fig.3. Structural scheme of the created special computer

Testing of the created special computer. After the authors had fully developed the
prototype of the special-purpose computer, they created an algorithm for testing the resulting
device. Testing of the device begins with the input of the first operand (10 bits) on the
switches. The next step is for the user to press the button to save the variable. At this time, the
seven-segment LED indicators display the entered and saved value of the first variable. Next,
the combination corresponding to the second variable is set on the switches. Pressing the
button saves the second variable to the register. Now it is displayed on the seven-segment
indicators. The last step to start the calculator is to select the instruction code. Set the
appropriate instruction code on the switches and start the calculation by pressing the
corresponding button. The result of the calculation will appear on the seven-segment
indicators.
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System start

»
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Read OPCODE and
control bits
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Yes | Decode opcode

opcode ==
I Yes _add?
addition
Yes'
4
subtraction
Y951
multiplication
T\ I\ N
No division
Output result and

control bits to pio_0

Fig. 4. The principle of operation of the software

Additionally, the calculation result will be output via the jtag interface to the console of
the personal computer to which the board is connected. If the calculation process fails or

registers are overflowed, the combination "----" will be displayed on the seven-segment
indicators. Fig. 5 shows the sequence of testing a special-purpose computer.
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Checking start

Entering the first
variable

Pressing the button to
memorize the variable

memorize the variable

Entenng the operatlon

Pressmg the button to
memorize the opcode

[ /
/ /
/ E”‘E”Cirf’;i;“"”“ /
/ Pressing the buton to /
/ /
/ /

v

Checking the result of
calculations on the
indicators

A 4

Checking the result of
calculations in the console

v
Checking finish

Fig. 5. Sequence of testing a special-purpose computer

The correct functioning of the four main mathematical operations was checked step by
step. The numbers 831 and 275 were chosen as operands. First, the result of addition was
checked, then subtraction, then multiplication and division. All the results were carefully
checked by the authors and proved to be completely correct. This makes it possible to conclude
that the created special calculator works completely correctly. Fig. 6 shows the terminal
window with the program results.
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5. Problems & Tasks = Properties = Console M Nios Il Console
Computer_nios - cable: USB-Blaster on localhost [USB-0] device ID: 1 instance ID: 0 name: jtaguart_0

Sum of two digits = 1106

|
0

W

Sub of o digits = 55
Mul of two digits = 228525

Div of two digits

Fig. 6. The terminal window with the program results a special-purpose computer

Additionally, the authors tested the functioning of the NIOS Il software processor
separately. This was done by writing a separate code that calculates the same numbers as those
used in the previous example. The results of the test were identical, which further confirmed
the correct operation and settings of the software processor. Fig. 7 shows the code used to
check the correct functioning of the program processor.

#include <stdio.

int main()
{

int a_num =

h>

831L b num =

int sum, div,

sum = a_num
sub = a_num
mul = a_num
div = a_num

printf ("Sum
printf ("Sub
printf ("Mul
printf ("Div

return 0;

+
x
/

of
of
of
of

mul,

sub;

b_num;
b_num;
b_num;
b_num;

two
two
two
two

digits =
digits =

digits
digits

2i5:

%d\n",
%d\n",
%d\n",
%d\n",

sum) ;
sub) ;
mul) ;
div):

Fig. 7. The code used to check the correct functioning of the program processor

Additionally, the authors noted the correctness of the created value decoder for seven-
segment indicators. After conducting more than a hundred tests, the authors have never seen
any errors in its functioning. Fig. 8 shows the code of the general data decoder for seven-

segment indicators.
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1 module SEG7 LUT 4 ( 0SEG0,0SEGO DP,0SEGL,0SEGLl DP,0SEG2,0SEG2 DP,0SEG3,0SEG3 DP,1iDIG );
2 input [15:0] iDIG;
3 output [6:0] ©SEGO,0SEGl,0SEGZ,05EG3;
4  output 0SEG0 DP,0SEG1 DP,0SEGZ DP,0SEG3 DP;
5
6 SEGT_LUT uld ( DSEG0,0SEGO_DP, iDIG[3:0] )
7 SEGT_LUT ul ( OSEGl,OSEGl_DP, iDIG[7:4] );
8 SEGT_LUT uZ ( oSEGZ,0S5EGZ_DP, iDIG[L11:8]) );
9 SEGT_LUT u3d ( DSEGE,OSEGB_DP, iDIG[15:12] );
10
11  endmodulg]

Fig. 8. The code of the general data decoder for seven-segment indicators

During the test, the created special computer fully proved its performance. The concept
proved to be fully relevant and workable. As a further development of such a device, it is
possible to realize the calculation of much more complex mathematical operations on the NIOS
Il program processor. It is also possible to describe the calculator modules for certain functions
in the Verilog language. This will allow to perform relatively standard calculations on the
software processor, and implement the functions that are difficult to calculate in hardware,
which will significantly speed up the speed of calculations.

In the future, the authors plan to compare the performance of computing complex and
non-standard mathematical operations on the NIOS Il software processor and on a Verilog-
based computing module. For maximum measurement accuracy, it is planned to use 4 pins on
free 1/0 ports. At the start of the calculation, the module and the program processor will set a
logical one on a pin, and after the calculation is completed, two other pins will also be set to a
logical one. This will allow you to accurately measure the time of function calculation on the
program processor on the Verilog module using an oscilloscope. It is expected that the
calculation on the Verilog module will be much faster.

Conclusion. The results of the study demonstrate the importance and success of
developing a special-purpose mathematical computer based on Altera Cyclone 3 FPGAs with
the NIOS2 core. This project involves the implementation of high-performance algorithms and
structural schemes, which significantly increases the performance of the computer system. The
analysis of the structural scheme confirms its high performance and potential for further
optimization. These results stimulate further development of innovative technologies and the
introduction of new optimization methods to achieve even greater performance and efficiency
in various applications. During testing, the created special-purpose computer confirmed its
high reliability and correct functioning. This paves the way for processing much more complex
mathematical expressions based on it, and will also allow in the future to compare the speed of
mathematical operations on processors with conventional instructions (for example, on
NI10S2), as well as on modules specially written for these operations in the Verilog language.
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Y po0oTi JOCHIIPKEHO Ta MPOAHATI30BAaHO IIPOLEC PO3POOJICHHS MAaTEeMaTUYHOTO
crnenianizoBaHoro obumcioBada Ha ocHoBi FPGA Altera Cyclone 3 3 BHKOpUCTaHHAM siIpa
NIOS2. OcHoBHa yBara npuIiicHa BUBUCHHIO TEXHIYHUX ACTIEKTIB MPOEKTY, TAKHUX SK arnapaTHa
apxiTeKTypa Ta alropuTMivHe 3a0e3neyeHHs. TakoX MPOaHATI30BaHO AITOPUTMHU Ta CTPYKTYpHI
cxeMHu 00YMCITIOBaYa Ui MaKCHMAaJbHOI ONTUMi3amii Horo poOOTH Ta BUKOPHCTaHHS pecypciB
FPGA.

B mporeci gocmimkenns sapa NIOS2 ta aHamizy MOXKIHBOCTI peatizailii Ha HOro OCHOBI
CreriaigizoBaHOro oOuHMcIIOBaYa OyJio po3po0JIEeHO MPOTOTHH KalbKYJATOpA, SIKMH BUKOHYE
6a3oBi MarematuuHi omepaiii. OCHOBHOMY 3aJadyei0 ILOTO JOCTIMHKEHHS MoJjsraia y
JIEMOHCTpAIl JKUTTE3NATHOCTI KOHIEMLIT CHeno0YuCIoBaya, peaai30BaHOr0 3a JONOMOTOI0
MOBH OIIHCY anmapatHux 3aco0iB Verilog, y skomy BukopuctoByeThes aapo NIOS2 3 nogatkoBum
(GyHKIIOHAIOM.

Y po0GoTi AeTankHO OMpaIbOBaHi Ta ONMMCAHI KIIOYOBI eTanu po3pobieHHs cucremu. Cepen
OUX eTamiB MOXKHAa BHIUIMTH pPO3POOJIEHHS KOHILEMIii apXiTeKTypH CIEoOYHCIoBaya,
IrOpUTMY  POOOTH  TPOTPaMHOrO  3a0e3MedYeHHs, a TaKoX B3aEMOJIl  CTBOPEHOro
crierjoOYncIoBaYa 3 KopuctyBadeM. JlogaTkoBo Oyno 3aifiCHEHO MOJENIOBaHHS pPOOOTH
oOurcieHHs 6a30BUX MaTeMaTHuHUX onepamniil Ha sapi NIOS2 msist migTBepKeHHs KOHIICTIIIT Ta
MPaIe3aTHOCTI CTBOPEHOTO MPUCTPOIO.

Ilig gac mepeBipkH peatizoBaHUil CHEOOYHCITIOBAY MIiATBEPANB CBOIO Mpale3aaTHICTh. Sk
MOJANBIINI  PO3BUTOK TAKOTO TPHUCTPOIO Oyle pealizoBaHO OOYHCIICHHS CKIIAIHIIINX
MaTeMaTHYHHX oOIepauiii Ha mnporpamHomy mporecopi NIOS2. Takox Oyae omucaHo
oOumcmroBad A meBHHX (yHKOIT Ha MOBI Verilog, MmO J03BONHTH BHKOHYBaTH BiJHOCHO
CTaHJAPTHI OOYUCIICHHS Ha MPOTPaMHOMY MPOIIECOPi, a CKIaIHI (YHKIII peai3yBaTH armapaTHo
Ha MOyl OOYMCIEHHS IMIUIeMEeHTOBaHOMY 3a nomomoror Verilog komy. Taki pimieHHs
CIPHATHMYTh 301TBIICHHIO MIBUIKOIIT, @ TAKOXK HaAaJyTh MOXIIUBICTD 3iHCHIOBATH O0YNCICHHS
HECTaHJapTHUX BHpa3iB, sKi CKJIAJHO Ta Yaco3aTPaTHO peali30ByBaTH Ha 3BUYANHOMY
KOMIT FOTepi.

3arajioM, NpEICTaBICHI pe3yJabTaTH CHPUATUMYTH [OJANBIIOMY PO3BHTKY iHHOBAIiHHUX
TEXHOJIOTIH B cpepi 00UNCITIOBATEHOT TEXHIKH.

Kmiouosi cnosa: FPGA, NIOS2, Cyclone 3, Altera.
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