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Revision History

1.1

The revision history describes the changes that were implemented in the document. The changes are
listed by revision, starting with the most current publication.

Revision 1.0

Revision 1.0 is the first publication of this document. Created for CoreFPU v2.0.
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2 Introduction

2.1 Overview

The Core Floating Point Unit (CoreFPU) is designed for floating-point arithmetic and conversion
operations for single precision floating point numbers. CoreFPU supports fixed-point to floating-point and
floating-point to fixed-point conversions and floating-point addition, subtraction and multiplication
operations.

2.2 Features

1. Supports single precision floating numbers as per IEEE-754 standard.
2. Conversions

. Fixed Point to Floating Point Conversion

*  Floating Point to Fixed Point Conversion
3. Arithmetic Operations

*  Floating Point Addition

*  Floating Point Subtraction

*  Floating point Multiplication
4. Provides flags for Overflow, Infinity, and Not-a-Number (NaN) for floating point numbers.
5. Fully pipelined implementation of arithmetic operations.
6. Provision to configure the core for design requirements.

2.3 Core Version
This handbook is for CoreFPU version 2.0.

24 Supported Families

. PolarFire SoC
. PolarFire
« RTG4

Microsemi Proprietary and Confidential HBO816 Handbook Revision 1.0 2
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2.5 Device Utilization and Performance

Table 1« FPU PolarFire Unit Device Utilizations
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FPGA Resources Utilization

Family 4LUT DFF Total Math Block Device Percentage Performance Latency
Fixed Point to Floating Point
PolarFire 290 115 405 0 MPF300T 0.14 330 MHz 2
Floating Point to Fixed Point
PolarFire 799 117 916 0 MPF300T 0.31 257 MHz 2
Floating Point Addition
PolarFire 937 695 1632 2 MPF300T 0.54 269 MHz 6
Floating Point Subtraction
PolarFire 943 694 1637 2 MPF300T 0.4 250 MHz 6
Floating Point Multiplication
PolarFire 318 793 1111 4 MPF300T 0.37 380 MHz 7
Table 2+  FPU RTG4 Unit Device Utilizations

FPGA Resources Utilization

Family 4LUT DFF Total Math Block Device Percentage Performance Latency
Fixed Point to Floating Point

RTG4 301 109 410 0 RTG4150 0.38 305 MHz 2
Floating Point to Fixed Point

RTG4 410 112 522 0 RTG4150 0.34 195 MHz 2
Floating Point Addition

RTG4 881 795 1676 2 RTG4150 1.1 245 MHz 6
Floating Point Subtraction

RTG4 881 688 1569 2 RTG4150 1.03 160 MHz 6
Floating Point Multiplication

RTG4 362 858 1220 4 RTG4150 0.80 189 MHz 7

Note: Data in the preceding tables are obtained using typical synthesis settings. The design frequency (MHz)

was set to 500.

Microsemi Proprietary and Confidential HB0816 Handbook Revision 1.0 3
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Functional Description

The IEEE Standard for Floating-Point Arithmetic (IEEE 754) is a technical standard for floating-point
computation. The term floating point refers to the number's radix point (decimal point or more commonly
binary point) that can be placed anywhere with respect to the significant digits of the number.

A floating-point number is typically expressed in the scientific notation, with a fraction (F), and an
exponent (E) of a certain radix (r), in the form of Fxr"E. Decimal numbers use radix of 10 (F><10AE); while
binary numbers use radix of 2 (Fx2"E).

Representation of the floating point number is not unique. For example, the number 55.66 can be
represented as 5.566><10A1, O.5566><1OA2, 0.05566x10"3, and so on. The fractional part can be
normalized. In the normalized form, there is only a single non-zero digit before the radix point. For
example, decimal number 123.4567 can be normalized as 1.234567x10"2; binary number 1010.1011B
can be normalized as 1.0101011Bx2"3.

It is important to note that floating-point numbers suffer from loss of precision when represented with a
fixed number of bits (for example, 32-bit or 64-bit). This is because there are infinite number of real
numbers (even within a small range from 0.0 to 0.1). On the other hand, a n-bit binary pattern represents
a finite 2"n distinct numbers. Hence, not all the real numbers can be represented. The nearest
approximation will be used instead, which results in the loss of accuracy.

The single precision Floating point number is represented as follows:

»  Sign bit: 1 bit
*  Exponent width: 8 bits
+  Significand precision: 24 bits (23 bits are explicitly stored)

Figure 1+  32-bit Frame
MSB LsB
Sign Exponent Mantissa
1-bit 8-bits 23-bits

The CoreFPU is the top level integration of the two conversion modules (Fixed to Float and Float to
Fixed) and three arithmetic operation (FP ADD, FP SUB, and FP MULT). User can configure any one of
the operation based on the requirement, so that, the resources are utilized for the selected operation.

The following figure shows the top level CoreFPU block diagram with port:
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Figure 2 »

3.1

3.2
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CoreFPU Block Diagram

FPU
AIN[31:0] ———» Fixed to Float ——» AOUT[31:0]
BIN[31:0] ———— | Float to Fixed —— POUT[31:0]
CLK —————” FP ADD L » NaN
NRST ——» FP SUB —— > INF
DI_VALID ——»| FP MULT f——» DO_VALID

Fixed Point to Floating Point (Conversion)

CoreFPU configured as Fixed to Float infers the Fixed point to Floating conversion module. The input
(AIN) to CoreFPU is any fixed-point number containing the integer and fractional bits. The CoreFPU
configurator has the options to select the input width and fraction widths. The input is valid on DI_VALID
signal and output is valid on DO_VALID. The output (AOUT) of the fixed to float operation is in single
precision Floating point format. The output latency for the fixed to floating-point conversion is four clock
cycles.

Example:
Fixed-point Number
AIN(32-bit) Integer (17-bit) Fraction(15- bit)
0x12153524 00010010000101010 011010100100100
Floating-point Number
AOUT Sign Exponent Mantissa
4610a9a9 0 10001100 00100001010100110101001

Floating Point to Fixed Point (Conversion)

CoreFPU configured as Float to Fixed infers the Floating point to Fixed-point conversion module. The
input (AIN) to CoreFPU can be any single precision floating point number and produces an output
(AOUT) in fixed-point format containing integer and fractional bits. The input is valid on DI_VALID signal
and output is valid on DO_VALID. The CoreFPU configurator has the options to select the output integer
and fraction widths. The output latency for the floating point to fixed-point conversion is four clock cycles..

Example:
Floating-point Number

AIN Sign Exponent Mantissa

41bd6783 0 10000011 01111010110011110000011
Fixed-Point Number

AOUT(32-bit) Integer (17-bit) Fraction (15-bit)

Microsemi Proprietary and Confidential HBO816 Handbook Revision 1.0 5
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3.4
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0x000bd678 00000000000010111  101011001111000

Floating Point Addition (Arithmetic Operation)

CoreFPU configured as FP ADD infers the Float point addition module. It adds the two floating-point
numbers (AIN and BIN) and provides the output (POUT) in floating point format. The input and output are
single precision floating point numbers. The input is valid on DI_VALID signal and output is valid on
DO_VALID. The output latency for the floating-point addition is eight clock cycles. The core outputs
overflow (OVFL), Not-a-Number (NaN), and Infinity (INF) Flags based on the addition operation.

Example:
Floating-point input 1

AIN Sign Exponent Mantissa

4e989680 0 10011101 00110001001011010000000
Floating-point input 2

BIN Sign Exponent Mantissa

4f191b40 0 10011110 00110010001101101000000
Floating-point addition output

POUT Sign Exponent Mantissa

4f656680 0 10011110 11001010110011010000000

Floating Point subtraction (Arithmetic Operation)

CoreFPU configured as FP SUB infers the Float point addition module. It subtracts the two floating-point
numbers (AIN and BIN) and provides the output (POUT) in floating point format. The input and output are
single precision floating point numbers. The input is valid on DI_VALID signal and output is valid on
DO_VALID. The output latency for the floating-point subtraction is eight clock cycles. The core outputs
overflow (OVFL), Not-a-Number (NaN), and Infinity (INF) Flags based the subtraction operation.

Example:
Floating-point input 1

AIN Sign Exponent Mantissa

ac85465f 1 01011001 00001010100011001011111
Floating-point input 2

BIN Sign Exponent Mantissa

2f516779 0 01011110 10100010110011101111001
Floating-point subtraction output

POUT Sign Exponent Mantissa

af5591ab 1 01011110 10101011001000110101011

Microsemi Proprietary and Confidential HBO816 Handbook Revision 1.0 6
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3.5 Floating Point Multiplication (Arithmetic Operation)

CoreFPU configured as FP MULT infers the Float point addition module. It multiplies the two floating-
point numbers (AIN and BIN) and provides the output (POUT) in floating point format. The input and
output are single precision floating point numbers. The input is valid on DI_VALID signal and output is
valid on DO_VALID. The output latency for the floating-point multiplication is eight clock cycles. The core
outputs overflow (OVFL), Not-a-Number (NaN), and Infinity (INF) Flags based the multiplication
operation.

Example:
Floating-point input 1

AIN Sign Exponent Mantissa

1ec7a735 0 00111101 10001111010011100110101
Floating-point input 2

BIN Sign Exponent Mantissa

6ecf15e8 0 11011101 10011110001010111101000
Floating-point Multiplication output

POUT Sign Exponent Mantissa

4e3a7630 0 10011100 01110100111011000110000

Microsemi Proprietary and Confidential HBO816 Handbook Revision 1.0 7
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4.1

FPU Configurable Options

There are numbers of configurable options that apply to the FPU unit as shown in the following table. If a
configuration other than default is required, configuration dialog box can be used to select appropriate

values for the configurable option.

Table 3 » FPU Configurable Options

Name Default

Description

Conversion Type Fixed Point to
Floating Point

Select the operation as required.

. Fixed Point to Floating Point Conversion
. Floating Point to Fixed Point Conversion
. Floating Point Addition

. Floating Point Subtraction

. Floating Point Multiplication

INPUT FRACTION WIDTH' 15

Configures the fractional point in the Input AIN
and BIN signals. Valid range is 31-1

OUTPUT FRACTION WIDTH? 15

Configures the fractional point in the Output
AOUT signals. Valid range is 23-1

1. This parameter is configurable only during Fixed Point to Floating Point conversion.
2. This parameter is configurable only during Floating Point to Fixed Point conversion.

Microsemi Proprietary and Confidential HBO816 Handbook Revision 1.0
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4.2 Ports

Table 4 « Port Description

Name WIDTH Type Description

CLK 1 Input Main System clock.

NRST 1 Input Active low asynchronous reset.

DI_VALID 1 Input Active high Input Valid: This signal indicates that the data present on
AIN[31:0] and BIN[31:0] is valid.

AIN 32 Input A Input Bus (It is used for all operations).

BIN' 32 Input B Input Bus (It is used for arithmetic operations only).

AOUT? 32 Output Output value when fixed to Floating point or Floating to fixed point conversion
operations are selected.

POUT! 32 Output Output value when Addition, Subtraction or Multiplication operations are
selected.

DO_VALID 1 Output Active High Signal. This signal indicates that the data present on POUT/AOUT
data bus is valid.

OVFL3 1 Output Active high signal. This signal indicates the overflow during Floating Point
operations.

NaN?3 1 Output Active high signal. This signal indicates the Not-a-Number (NaN) during
Floating Point operations.

INF3 1 Output Active high signal. This signal indicates the Infinity during Floating Point
operations.

1. This port is available only for Floating Point Addition/Subtraction/Multiplication operations.
2. This port is available only for Fixed Point to Floating Point and Floating Point to Fixed-point
conversion operations.
3. This port is available for Floating Point to Fixed Point, Floating Point Addition, Floating Point
Subtraction, and Floating Point Multiplication.
Note: AIN width (32-bit) = Integer width (32 - Fractional width) + input Fractional width (valid range 31 to 1)
POUT width (32-bit) = Integer width (32 - Fractional width) + output Fractional width (valid range 23 to 1)

Microsemi Proprietary and Confidential HB0816 Handbook Revision 1.0 9
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Tool Flow

5.1

5.2

Figure 3 »

Figure 4 «

License

CoreFPU is not license locked.

SmartDesign

CoreFPU is available for download in the Libero IP catalog through the web repository. Once it is listed in
the catalog, the core can be instantiated using the SmartDesign flow. For information on using
SmartDesign to configure, connect, and generate cores, refer to the Libero SoC online help.

After configuring and generating the core instance, the basic functionality can be simulated using the
test-bench supplied with the CoreFPU. The testbench parameters automatically adjust to the CoreFPU
configuration. The CoreFPU can be instantiated as a component of a larger design.

SmartDesign CoreFPU Instance for Arthemetic Operation

CoreFPU _CO 0O

—]CLK DO_VALID
—]NRST OVFL
—|DI_VALID MNaMN
—{AIN[31:0] INF
—{BIN[31:0] POUT[31:0]
CoreFPU_CO

SmartDesign CoreFPU Instance for Conversion Operation

CoreFPU _C1_ 0

CLK DO_VALID
NRST OVFL
DI_VALID NaN
AIN[31:0] INF
BIN[31:0] AOUT[31:0]
CoreFPU_C1

Microsemi Proprietary and Confidential HBO816 Handbook Revision 1.0 10
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5.21 Fixed Point to Floating Point Conversion

During this operation, the INPUT FRACTION WIDTH is configurable. The OUTPUT WIDTH is by default
set to 32-bits for Single Precision Floating point.

Figure 5+ FPU Configurator Fixed to Floating Point

Configuration |

E  PRECISION Configuration
Precision: Single Precision

E  Parameters Configuration

Input Fraction width 15
Qutput Fraction Width |15

E  oOpreration Configuration
Conversion type |Fixed to floating point
Testbench |user ¥

License RTL

Microsemi Proprietary and Confidential HBO816 Handbook Revision 1.0 11
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5.2.2 Floating Point to Fixed Point

During this operation, the OUTPUT FRACTIONAL WIDTH is configurable and the INPUT WIDTH is by
default set to 32-bit for single precision floating point. Here OUTPUT INTEGER WIDTH = OUTPUT

WIDTH — OUTPUT FRACTIONAL WIDTH.
Figure 6 » FPU Configurator Float to Fix Point

Configuration l
E  PRECISION Configuration
Precision: Single Precision

E  Parameters Configuration

Input Fraction width 15
Qutput Fraction Width |15

E  oOpreration Configuration
Conversion type |Floating point to fixed ¥
Testbench |user ¥

License RTL

Microsemi Proprietary and Confidential HBO816 Handbook Revision 1.0
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5.2.3 Floating Point Addition/Subtraction/Multiplication

During these operations, the INPUT and OUTPUT WIDTHSs are not configurable as these are floating
point arithmetic operations and the INPUT/OUTPUT WIDTH is by default set to 32-bit single precision
floating point.

Figure 7+ FPU Configurator Float Point Subtraction
Configuration
E PRECISION Configuration
Predision: Single Predsion

B Parameters Configuration

Input Fraction width | 15

Output Fraction Width |15

B oOpreration Configuration

Conversion type |5ul:utrau:ﬁu:un ﬂ

Testbench |user

License RTL

5.3 Simulation

To run simulations, select the user testbench in the core configuration window. After generating the
CoreFPU, the pre-synthesis test-bench hardware description language (HDL) files are installed in Libero.

Microsemi Proprietary and Confidential HBO816 Handbook Revision 1.0 13
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5.4 Simulation Waveforms

Figure 8 + Fixed to Floating Point Conversion

SYSCLK

NSYSRESET ‘

AIN 0OOEO000 )(w15:;:1;4)((05-7:,.-51)(54 Eddl.-l:-‘sxb].fosses)(m_-ws.rbndX-‘-sd‘ssscsz:zs%sXsss;‘squ DDiSeSDLXOSd?cdDdXJ b23f17s |

DI_VALID ‘

DO_VALID |

A_OUT 00000000 :[:4610.:933X(Mr_'d.|5.'):[<( m:m::a)(:n:vsa Xﬂhb!'}l{x!X"&?D:JBSXc?la?aﬁX:?GdSLEbX 43f3e

Figure 9+ Floating Point to Fixed Point Conversion

SYSCLK

NSYSRESET ‘
AIN 00000000 X41bd6?53X4ad39595XeSDE:iaca:(fFfFfFfF nysoo:ooXSad39425X12153524Xx :H*J:u-mx.‘msf-dt,:aXEfos
DI_VALID ‘
DO_VALID ‘
A_OUT 00008000 XDO:de?SXSSBSADO GX FFFEFF XE-U:I:-(]:I:-(]

OVFL
MalN
INF

Figure 10 » Floating Point Addition

SYSCLK

NSYSRESET |

AIN 00000000 XuseessaX a<85465fx7‘3c1443x FFFEE X?fsuuow X seacanfX1z153524Xa4a4d509X06b97=3csz:zs-‘-ssXDof:aaolX3t131176X751457acX Tefdesfs XE?EA
BIN 00000000 Xunﬂhf-nX 2{515?79X7‘75bdc2 Xsbseexea XBaZ35:17Xc3395EELXb1705663X46df§58dXﬁ<);~J:x7|)XDsd'l:dU:iXleBdchdX462dF73c XESB?ZL:EXZSIME
DI_VALID |
DO_VALID ‘

P_OUT 00000000 Xf-r:.sm, m)x 7-4;.-.:.J4/X FEFFFAF vaguuwu X GEEC3PEFX:DSBEESI Xblrosssg E
OVFL
MaMN
INF ’—‘
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Figure 11 » Floating Point Subtraction

S A T e e e e e e e e e e O e e o
NSYSRESET

AIN o e R R I S e R R I S T R N R T
BIN po— [ e | s | o | s R e R T R R T T e T
DI_VALID
DO_VALID \
P_OUT 00000000 X msnaamx stssmahlm X"“””“” Xmm Xmmg, l’"‘m’ Xnmgm lhzazmss XEEﬂhﬂd bz

OVFL ’—‘
NaN
INF

Figure 12 « Floating Point Multiplication

NSYSRESET \
AIN [— X J— x odss1bib l JR— x i l [r— Xsamas‘ra X J— Xaaaaums lusbs?mu X [— 'um:eam Xmms X 75u457wx Tetdesto ' comsacs X 72aes ' w32d
BIN ccoooom [ cwonseo | ssomec [ oo assaon | cmesn [ ssosans [ st | oo | coarcon | sessa | aszare | essmrcs | wramna Y wazrars | e
DI_VALID \
DO_VALID ‘
P OUT e [ sosarsn] ot Jmooom [ swin wooo00 [ comreve Jsoraron | wooom J oz

OVFL ’—‘ m
NaN [ 1]
INF ’—‘

5.5 Synthesis

To run synthesis on the CoreFPU, set the design root to the IP component instance and run the synthesis
tool from the Libero design flow pane.

5.6 Place-and-Route

After the design is synthesized, run the place-and-route from the tools. CoreFPU requires no special
place-and-route settings.

Microsemi Proprietary and Confidential HBO816 Handbook Revision 1.0 15
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Testbench

Figure 13

A user testbench is provided with the CoreFPU IP release. Using this testbench user can verify functional
behavior of CoreFPU.

A simplified block diagram of the user testbench is shown in Figure 13. The user testbench instantiates
the configured CoreFPU design (UUT), and includes behavioral test data generator, necessary clock and
reset signals.

CoreFPU User Testbench

Testbench

Data Generator CoreFPU (UUT) Monitor

Note: The user has to monitor the output signals in ModelSim simulator, refer to: Simulation section.

Microsemi Proprietary and Confidential HBO816 Handbook Revision 1.0 16
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7 System Integration

The following figure shows an example of using the core. In this example, design UART is used as the
communication channel between design and host PC. Both AIN and BIN (each of 32-bit width) are the
inputs to the design from UART. After the CoreFPU receives the DI_valid signal, coreFPU computes the
result, after computing the result, the DO_valid signal is high and stores the result AOUT/POUT data in
output buffer. Same procedure is applicable for conversion and arithmetic operations. For conversion
operations only input AIN is sufficient. Whereas, for arithmetic operations AIN and BIN both inputs are
required. Output AOUT is enabled for conversion operations and POUT port is enabled for arithmetic
operations.

Figure 14 » Example of the CoreFPU System

AIN_BUFF_0

AIN_BUFF

CoreFPUCO0 OUT_BUFF_0 UART_IF 0

BIN_BUFF_0 L__:Fli—‘
"l

e { 1 ‘CoreFPU_CO ~‘
RTG4FCCC_CO_0

BIN_BUFF CONTROL_FSM_0

reset_synchronizer_0

COREUART_C0_0

resat_synchronizer

Microsemi Proprietary and Confidential HBO816 Handbook Revision 1.0 17



	1 Revision History
	1.1 Revision 1.0
	2 Introduction
	2.1 Overview
	2.2 Features
	2.3 Core Version
	2.4 Supported Families
	2.5 Device Utilization and Performance
	3 Functional Description
	3.1 Fixed Point to Floating Point (Conversion)
	3.2 Floating Point to Fixed Point (Conversion)
	3.3 Floating Point Addition (Arithmetic Operation)
	3.4 Floating Point subtraction (Arithmetic Operation)
	3.5 Floating Point Multiplication (Arithmetic Operation)
	4 Configuration
	4.1 FPU Configurable Options
	4.2 Ports
	5 Tool Flow
	5.1 License
	5.2 SmartDesign
	5.2.1 Fixed Point to Floating Point Conversion
	5.2.2 Floating Point to Fixed Point
	5.2.3 Floating Point Addition/Subtraction/Multiplication
	5.3 Simulation
	5.4 Simulation Waveforms
	5.5 Synthesis
	5.6 Place-and-Route
	6 Testbench
	7 System Integration

