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The article deals with the development of a specialized calculator constructed
on the basis of FPGA, for calculating arithmetic-logic functions. The calculator is
proposed for integration with the reconfigurable processor, for the implementation of
the concept of accelerating the implementation of programs, by hardware realization of
the time-critical functional core.
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Relevance of research topic. Today it is very actual to search for new
architectural solutions for improving the efficiency of computer systems. This trend is
becoming more and more relevant, considering that extensive means of accelerating
computations have reached their limitations [1]. On the other hand, the amount of
information that is currently being used by high-performance computer systems today
is growing extremely rapidly and will continue to grow. Artificial intelligence, which
the world now cares about, puts on computer systems a task that can further become
overwhelming for modern computers [2]. Therefore, one of the common solutions to
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the problem of increasing the efficiency is the hardware acceleration of critical
functional nuclei by the use of modern programmable logic integrated circuits
(FPGAs). The peculiarity of the modern element base is the ultra-high degree of
integration and the possibility of dynamic reconfiguration, which allows the
implementation of flexible, high-speed architectural solutions of any complexity that
can dynamically adapt to the requirements of solvable problems [3]. The acquisition
by Intel of one of the largest companies of FPGA developer Atlera also confirms the
relevance and feasibility of the direction of hardware upgrading of computer systems
and, in particular, processor cores.

Actual scientific researches and issues analysis. A number of papers [4, 5, 6]
present classic solutions for increasing the efficiency of work at the expense of
acceleration multiplication. In these works, the authors investigate the logical and
hardware methods of accelerating multiplication. Logical methods can reduce the
computational time due to more efficient multiplication algorithms, in particular due to
the use of redundant numerical systems and systems with a basis of more than two [7].
In hardware methods, the emphasis is on the schematic reduction of computation and
addition time [8].

In work [9] the efficiency of using a mathematical coprocessor, which,
expansion of the capabilities of the central processor, is implemented as a separate
functional module. Such a coprocessor was used to perform complex mathematical
calculations, eliminating the central processor from a large number of tasks. According
to Intel, a mathematical coprocessor reduces the execution time of mathematical
operations, such as multiplication, division and elevation to an extent of 80 percent or
more [10].

Today, all Intel and AMD processors, starting with 486DX, have a built-in
math coprocessor and do not require a separate coprocessor (except Intel486SX).
Although in first-generation computers (180386, 180486), the mathematical
coprocessor module was installed on the motherboard as a separate chip. The built-in
SIMD-based extension coprocessor allows data parallelism to be provided. The Intel
Advanced Vector Extensions extension provides a set of SIMD instructions for
floating-point data processing in groups of 256 bits in length. The Intel MIC co-
processors include a 512-bit instruction set.

Using programmable logic integrated circuits allows you to increase the set of
instructions for processing data to the bit, limited to only the number of incoming
contacts.

There are currently two of the most powerful companies involved in the
production of ASICs and Altera and Xilinx programmable integrated circuits
(FPGAs). The main products are programmable chips, as well as services for
converting projects under FPGA to ASIC for mass production. Companies also
develop software for embedded software for FPGAs, as well as compilers under the
core of their own processor processors. In order to increase processor performance in
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2015, Altera was acquired by Intel and is now expected to release new products in
symbiosis of these two manufacturers [11].

The research objective. Within the framework of the modern eco-system of the
electronic industry, which is organized according to the model of Fabless, today the world
library of complex-functional IP-cores (Silicon IP) is rapidly improving. Developers of
Silicon IP compete in optimizing performance and using hardware resources. Today's
topical issue is the optimization of hardware solutions to accelerate the implementation of
the transaction and energy efficiency. Such blocks are used for the design of computing
systems, systems-on-chip, digital devices, reconfigurable processors.

In order to solve the actual problem of efficiency increase, the following tasks
are set out in the article:

e develop a functional block model (IP-core) for performing basic mathematical
and logical operations for integration into a reconfigurable processor core;

e to investigate the time of propagation of signals during execution of
arithmetic and logical operations;

e To investigate the efficiency of the IP multiplier nucleus, implemented on the
basis of the multiplication acceleration method in comparison with the Altera library
core [P.

The statement of basic materials. The article proposes the use of a
coprocessor of the matrix multiplier called "Bo-Wooley" for the implementation of the
multiplication operation. The structure of this matrix multiplier includes 2 types of
blocks, which differ in the presence after the block OR the block NO. These blocks
consist of the block OR, the adder, the block NO (depending on the type) and has
4 inputs and 2 outputs. Also, on the last layer there are adders. If necessary, it is
possible to expand the grid matrix according to the needs of the bit.

Figure 1 depicts ALU that performs functions: multiplication, division,
addition, subtraction, AND, OR, XOR, NOT. The device has a digit of 4 carries out
operations with a sign.

At the input of the coprocessor are the arguments A and B, as well as the
operation code F. All operations blocks perform appropriate actions, the results of
which are sent to the multiplexer. The multiplexer (MUX) outputs the result of an
operation that was specified by the operation code F.

Simulation of the work of the coprocessor. The project is developed by
Altera's Quartus II CAD. The correctness of the data was verified by simulating a time
chart. In the simulation, the Multiplexer (MUX) tested outputs the result of the
operation that was specified by the operation code. The value of the delay of signals in
the chains of the block synthesized using the mega-function LPM_MULT and the
block synthesized using the Bo-Wool algorithm. The block time performance by the
Bo-Wool method proved to be the best (12.889 ns) for the LPM_MULT (13.437 ns)
block with four-bit input data.
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Fig. 1. The overall structure of the reconfigurable processor

Conclusions. Multistep arithmetic operations require a considerable time to
execute at the software level and can significantly reduce system performance. The
proposed implementation of computing units on an FPGA contributes to increased
productivity by reducing the time spent doing the calculations and the possibility of
dynamic reconfiguration from the bit rate of words processed to change the
functionality in accordance with the requirements of solved tasks. The proposed
solution allows you to implement operations of adding, multiplication and floating-
point division on a coprocessor that is part of the computing system.

The main requirements for the development of new operating devices is the
acceleration of operations. This was achieved during the implementation of the task in
question.

The simulation results of the coprocessor showed a decrease in the
multiplication time compared to the software implementation of the calculations by
means of microcontrollers company Altera.

According to the results of the time analysis, the delay of the developed
mathematical coprocessor is 12,889 ns, which is 0.548 ns less, compared with the
calculator Altera (13,437 ns).

The main advantage of simulating a coprocessor is scalability. This means that the
four-bit modules that are modeled and demonstrated in the article can be n * 4 arguments.
Accordingly, with increasing the bit rate indicators will provide even better results.
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The prospect for the development of work is the development of new units that
perform other arithmetic operations (square root, elevation to degree). Also, as a
further extension, it is expedient to develop a unit of firmware control.
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MATEMATHUYHWN COIBITIPOIIECOP
HA ILIIC 3 MOXJIUBICTIO PEKOH®IT'YPAILIII

Anoramnisi. Po3poOiieHo cmeriamizoBaHuil oOYHCIIOBaY JUIsl iHTErparii 3
PEKOH(]IrypOBHUM TPOIIECOPOM, SKHH IO3BOJISIE MPUCKOPUTH BUKOHAHHS MpPOTpam,
IUIIXOM anapaTHOi peaizamnii KpUTUHYHUX 10 Yacy BUKOHAHHA (DYHKIIOHATBHUX SJED.
3anponoHOBaHAa MOJEINb cremianizoBaHoro oduncitoBada Ha [IJIIC ans BUKOHAHHS
0a30BHUX MaTeMaTHYHUX Ta JIOTTYHUX OTEpallii.

Beryn. B cydacHOMy CBiTi BENMKOI aKTyalbHOCTI HaOyB TMOIIYK HOBHX
apXITeKTYPHHUX pIICHb JJs MiABHUIICHHS €()EeKTHBHOCTI KOMIT IOTEpPHUX cucTeM. Llg
TEHJICHIIISI CTae Bce OUTbIIE aKTyallbHOIO, 3BAXKAIOYM HAa T€, [0 €KCTEHCHBHI 3acO0H
MPUCKOPEHHS 00YHMCIICHb TOCATIIA CBOIX TPAaHUYHUX MOXKITUBOCTEH .

Meta po6oTu. 301TBIIMTH POAYKTUBHICTH 00uncmoBanbHUX 0s1oKiB Ha [IJIIC
3a paxyHOK 3MEHIICHHS 4Yacy BUKOHAHHSA OOYHUCIIEHb Ta MOMJIMBOCTI JAMHAMIYHOI
pekoHdiryparii Bif po3psaHOCTI OOpOOIIOBAHMX CIIB 110 3MiHH (YHKIIOHATBHHUX
MO>KJIMBOCTEH BiATIOBIHO A0 BUMOT BUPIITYBaHUX 3a/1a4.

IMocTanoBka npodJjemu. J[ins BupimeHHs akTyalbHOI IPOOIEMH i ABUIIEHHS
e(EeKTUBHOCTI y CTATTi MOCTABJICHI HACTYITHI 3aBJaHHS:

— po3pobutu Mozaens (QyHKiioHamsHOTO Osoka (IP—siapo) mns BuUKOHAHHS
0a30BMX MaTeMaTHYHUX Ta JIOTIYHHX OIEepaliil i iHTerpamii y pekoH}irypoBHE
IIPOLIECOPHE AIPO;

— JIOCHAWTH 4Yac pO3MOBCIOJDKCHHS CHUTHAJIB TMJ 4Yac BHUKOHAHHS
apu(METUIHUX Ta JOTIYHUX OTeparlii;

— nmocniautu epexkTuBHICTh [P—1pa moMHOXKyBava, 10 peanxizoBaHuii Ha Oa3i
METOJy MPUCKOPEHHS MHOXXEHHS y TOPIBHSIHHI 3 0i0mioTeunum [P—snpom xommanii
Altera.

OcHoBHa vyacTuHa podotu. B poOoTi 3ampomoHOBaHO amapaTypHHMA
crniBnpornecop Ha [IJIIC. [lns peanizanii onepariii MHOXXEHHS pO3p0o0JI€HO MaTpUIHUN
MHO>XHHK, 110 HOcUThb Ha3By «bo-Bymi B cTpykrypy po3poOneHoro mMaTpuUuHOTO
MHO>KHHKA BXOIWTHh 2 TUMH OJOKIB, 110 BIAPI3HIIOTHCS HasBHICTIO micis Oioky ABO
6moky HI. Ili 6moku cxmagatotses 3 6oy ABO, cymaropa, 6moky HI (B 3amexHocTi
Bl BUIY) Ta Ma€e 4 BXOau Ta 2 BUXOAHM. TakoX Ha OCTAHHBOMY IIapi 3HAXOASTHCS
CyMaTopd. 3a HEOOXIZHOCTI MOMJIMBO pO3MIMPIOBATH CITKYy MAaTpHIl 3TiTHO 3
noTpedaMu po3psIIHOCTI.

[Tpoekt pospobnenwnii B CAIIP Quartus II kommanii Altera. KopekTHicTh manux
Oyra mepeBipeHa 3a JTOTIOMOTOI0 MOJICIIIOBaHHS yacoBoi aiarpamu. [Ipu MoaemtoBaHH1
Oymu nepesipeni yabaumuiekcop (MUX) Bumae Ha BUXia pe3yibTar onepariii, aKy O0yio
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3aJjaH0 KoJOM omeparii F.3HaueHHs 3aTpUMK{A CHUTHAJIiB B JIAHIIOrax OJIOKY
CHHTE30BaHOro 3a gonomoroio Mmera-¢pynkmii LPM_MULT Ta 610Ky CHHTE30BaHOTO
3a JornomMororo aiaropurma bo—Byui.

BucHoBku. Po3pobneHnii MareMaTHYHUN CIIBIPOLECOpP MJIs BHKOHAHHS
0a30BUX MaTeMaTHYHUX Ta JIOTIYHUX omeparii. [IpuckopeHHs BUKOHAHHSA oOmeparii
MHOXKEHHSI JIOCATHYTO 3a pPaxyHOK 3MCHIIEHHS Yacy BHUKOHAHHS OOYHCIIEHb Ta
MO>KJIMBOCTI TUHAMIYHOI peKOH]Iryparii Bif po3psAIHOCTI 0OpOOIIOBaHUX CIIB J0
3MiHH (PYHKITIOHAILHUX MOMJIMBOCTEH Bi/IMTOBITHO /0 BUMOT BUPIIITYBaHHX 33]1a4.

Pesynbratn MonemoBaHHS poOOTH CIHIBIPOLIECOpa IMOKA3ald TMPUCKOPEHHS
BUKOHAHHS oTeparii MHOXEHHS Yy MOPIBHIHHI 3 Biomoro Meradynkuiro LPM_MULT
kommaHii Altera. 3a pe3ylnbraraMyu 4acoBOTO aHaii3y, yac (OpPMYBaHHS PE3yJIbTATy
3aco0amMu PO3pOOIEHOTO MAaTEeMAaTUYHOTO CIiBIpoIiecopa ckiamgae 12,889 He, mo Ha
0,548 HC MeHIe, OPiBHSAHO 3 BimomuM obuuciaoBadeM (13,437 He). Bukopucrannas
mertony «bo-Bymi»  mus peamizamiii  MHOXEHHS  JIO3BOJIIIO  MMOOYyBaTH
macmtaboBanuii  cmiBonporecop na [IJIIC. 3a pe3ynpTaramMu eKCIIEPHMEHTIB
OTPUMAHO, MO0 MpH 30LIBIIEHHI PO3PSIHOCTI MOKA3HUKM IMIBHIKOAIL poOoTH
CHiBIpOIIECOPa 301TBIIYIOTHCS.

[TepcieKTUBOIO IO PO3BUTKY POOOTH € po3poOKa HOBHUX OJIOKIB, 110 BUKOHYIOTh
i apudmeTryHi onepaiii (KBaapaTHU KOPiHb, MMiTHECEHHS JI0 CTENEHI0). Takox, B
SIKOCTI1 TIOJTAJIBIIIOTO MPOJJIOBKEHHS, TOIUIBHAM € PO3pOoOKa 0JI0KY MiKpOTPOTPaMHOTO
YIPABJIIHHS.



