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Agenda

▪Motivation and Vision

▪Unified Shared Memory

▪ External Function Interface
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Our Vision

▪ Revolutionize next generation heterogenous HPC and data 
management systems with coherent FPGA technologies in order to:

• accelerate critical system and time-sensitive business tasks

• get more work done per node for less power 

• better organize memory for quicker access to data in demand

▪ with familiar and easy to use development flows and C++ access 
methods.
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▪Datapaths of importance

a. AFU →Memory (CPU, FPGA)

b. AFU → Storage (Local, Remote)

c. CPU → AFU, Memory (FPGA)

d. AFU → Network

▪ Shared Memory and CXL protocol capabilities support these 
accesses.

▪ Inter Kernel Link (IKL) can be integrated to Open FPGA Stack.

Abstracting the Access with oneAPI and CXL
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Universal Shared Memory

▪ USM 

• FPGA takes care about data transfers

• Host Allocations

• Shared Allocations

• Device Allocations                                        
need: malloc_device, memcpy or                
data transfer kernel

▪ USM ideal for streaming applications at 
interface speed!

▪Without USM: Buffers with accessors -
SYCL runtime controlled
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PCIe 3.0 – Host

▪Calculate number of necessary cache 
lines

▪malloc_host to allocate host buffer

▪ Initialize input and output buffers

▪After kernel finished read output 
buffer 
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PCIe 3.0 – Kernel

▪USM 

• FPGA takes care about data transfers

• Host pointers

• Iterate over complete cache lines

• Make sure you load/store one cache line 
per clock cycle to use interface BW

• BW Fmax dependent

▪USM ideal for streaming applications 
at interface speed!
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Interface Bandwidth Comparison 

PCIe3.0 vs. DDR4
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Use of RTL Libraries for FPGA in oneAPI

▪ Create a static library file using RTL

• fpga_crossgen: rtl -> object

• fpga_libtool: objects -> library

Files needed:

• RTL wrapper

• XML description

• Emulation model file (SYCL-based)

RTL design constraints:

• RTL module must have a clock port, a resetn port, and Avalon® streaming interface input and output ports

• A single pair of ready and valid logic must control all the inputs

• Declare the RTL module as stall-free possible

▪ Include library file to use the functions inside your SYCL* kernels.
dpcpp -fintelfpga main.cpp lib.a
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Use of Library

▪Create libraries from RTL or oneAPI source and call those library 
functions from User OpenCL code

VHDL

DSP
Builder

Verilog

Library .o

User’s oneAPI 
code

.a

*OpenCL and the OpenCL logo are trademarks of Apple Inc. used by permission of Khronos
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▪ .v .sv or 
.vhdl,   
▪ .mif or 

.hex

Development flow of creating RTL based call

Generate RTL source files

.xml file

Header FileC-model

Determine the Module latency

RTL WrapperFor simplified 
Avalon ST interface

Declares function  
signature that calls 
RTL module

For Emulation only

Describes the properties 
of the RTL component 
and the interface 
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<RTL_SPEC>

<FUNCTION module="myadd_module" name="myadd">

<ATTRIBUTES>

<IS_STALL_FREE value="yes"/>

<IS_FIXED_LATENCY value="yes"/>

<EXPECTED_LATENCY value="3"/>

<CAPACITY value="3"/>

<HAS_SIDE_EFFECTS value="no"/>

<ALLOW_MERGING value="yes"/>

</ATTRIBUTES>

<INTERFACE>

<AVALON port="clock" type="clock"/>

<AVALON port="resetn" type="resetn"/>

<AVALON port="ivalid" type="ivalid"/>

<AVALON port="iready" type="iready"/>

<AVALON port="ovalid" type="ovalid"/>

<AVALON port="oready" type="oready"/>

<INPUT port="idata" width="64"/>

<OUTPUT port="odata" width="32"/>

</INTERFACE>

<REQUIREMENTS>

<FILE name="dspba_library_package.vhd"/>

<FILE name="dspba_library.vhd"/>

<FILE name="dspba_library_ver.sv"/>

<FILE name="dspba_sim_library_package.vhd"/>

<FILE name="dspba_s10_optimized_package.vhd"/>

<FILE name="dspba_s10_optimized.sv"/>

<FILE name="../efi/efi_dut_safe_path_flat.vhd"/>

<FILE name="../efi/flt_efi_dut_addBlock_typeSFloatIEEE_23_8_typeSFloatIEEE_23_8_typeSFloatIEEE_23_80000a6354c2463a0c2462a5u.vhd"/>

<FILE name="../efi/efi_dut.vhd"/>

<FILE name="myadd_module.sv"/>

</REQUIREMENTS>

<RESOURCES>

<ALUTS value="0"/>

<FFS value="0"/>

<RAMS value="0"/>

<MLABS value="0"/>

<DSPS value="1"/>

</RESOURCES>

</FUNCTION>

</RTL_SPEC>

.xml File Format
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DSP Builder for Intel FPGAs

▪ Define the data types

▪ Build your algorithm

▪ Specify target clock frequency for 
the right amount of pipelining

▪ Create all the collateral for library 
development
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Integration of an RTL Module into the Pipeline 
Architecture
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Generating the component
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Integration and Use of your custom function

▪ oneAPI-samples-
master/DirectProgramming/DPC++/DenseLinearAlgebra/vector-add

▪ Change the makefile

• Copy myadd.a to the src folder, myadd_sycl.hpp to 
top folder 

▪ Add the header file #include “myadd_sycl.hpp” 

▪ Change your function call from “+” to “myadd”

• Use the intermediate struct autogenerated by the 
DSP Builder wrapper

▪ Run emulation to validate your changes (uses 
autogenerated C model for your design)

▪ Test on HW
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